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CALAFATITE  v.  Alunite. 

CALCULI  V.  Urine. 

CALCUSOL.  Trade  name  for  a preparation 
of  acid  potassium  carbonate  and  piperidine-p- 
sulphamine  benzoate. 

CALIATURWOOD.  This  wood,  the  botani- 
cal origin  of  which  appears  to  be  unknown,  is 
very  similar  to  though  somewhat  darker  in 
colour  than  sanderswood.  It  was  imported 
from  the  East  Indies  and  is  stated  to  have 
been  chiefly  employed  on  the  Continent.  Accord- 
ing to  Franchimont  and  Sicherer  it  contains 
santalin  but  in  larger  amount  than  sanders- 
wood. 

CALICHE.  The  term  by  which  the  impure 
native  sodium  nitrate  or  Chile  saltpetre  is  known 
throughout  South  America.  Also  applied  to  a 
limestone  hardpan  found  in  Arizona  and  else- 
where {v.  Sodium). 

CALLISTEPPIN  v.  Anthocyanins. 

CALLUTANNIC  ACID  v.  Tannins. 

CALMATAMBIN  V.  Glucosides. 

CALMONAL.  Calcium  methylbromide. 

CALOMEL,  Mercurous  chloride  {v.  Mercury). 

CALOMELOL.  A colloidal  preparation  of 
calomel. 

CALOPHYLLUM  INOPHYLLUM  (Linn.).  A 

tree  (ord.  Guttiferce),  Alexandrian  laurel,  dilo  of 
Fiji,  tamarind  of  E.  Polynesia,  and  sultana 
champa  (Hind.)  of  India),  the  seeds  of  which 
yield  60  p.c.  of  a fragrant  green  oil,  fluid  at 
ordinary  temperatures,  solidifying  when  cooled 
below  10°.  The  tree  bears  fragrant  white 
flowers.  The  oil,  the  woondel  or  bitter  oil  of 
Indian  commerce,  used  in  medicine  and  for 
lamp  oil,  is  of  a greenish  tint,  and  a very  little 
imparts  its  colour  to  a whole  cask  of  coco-nut 
oil  (Pharm.  J.  [3]  8,  363). 

CALOTYPE  V.  Photography. 

CALUMBA.  CalumboeradiXy'BM. ; Calumha, 
U.S.P.  Colombo,  Columho.  {Racine  de  Colombo, 
Fr.  ; Kalumba  or  Columbowurzel,  Ger.) 

The  root  of  the  Jateorrhiza  Columba  (Miers), 
a herbaceous  climbing  plant,  inhabiting  the 
forests  of  Eastern  Africa  (Fliick.  a.  Hanb.  23  ; 
Bentl.  a.  Trim.  13).  The  fleshy  root  is  sliced 
VoL.  11.— T. 


transversely  and  dried.  It  was  introduced  into 
Europe  in  the  17th  century  as  an  antidote 
for  poison,  and  found  a place  in  the  London 
Pharmacopoeia  of  1788.  It  possesses  mild  bitter 
tonic  properties,  for  which  purpose  it  is  now 
chiefly  employed  in  medicine. 

The  drug  contains  30-35  p.c.  of  starch,  some 
mucilage,  traces  of  a volatile  oil,  but  no  tannin  ; 
the  root  gives  4-7  p.c.,  the  rhizome  12-17  p.c. 
of  ash.  There  are  further  present  two  bitter 
principles  and  three  alkaloids. 

Columbin  OggHgaGg  (according  to  Ulrich, 
Annalen,  1907,  351,  363  ; but  cp.  Feist,  l.c.),  the 
best-known  bitter  principle,  occurs  to  the  extent 
of  0*8  p.c.,  and  is  extracted  by  hot  ether  and 
recrystallised  from  the  same  solvent.  It  forms 
colourless  prisms,  m.p.  182°,  hardly  soluble  in 
hot  or  cold  water,  little  in  cold  alcohol  or  ether, 
readily  in  hot  ether,  chloroform,  and  alcohol. 
Columbin  adds  directly  8 bromine  atoms. 
A crystalline  diacetyl  derivative  melts  at  218°. 
Boiling  5 p.c.  potassium  hydroxide  yields 
columbic  acid  CgsHgaOio)  crystals,  m.p.  220° 
(Frey,  Annalen,  1907,  351,  372),  boiling  15  p.c. 
hydrochloric  acid  gives  an  amorphous  yellow 
substance  and  yellowish-green  fluorescence.  A 
second  bitter  principle,  m.p.  246°,  almost 
insoluble  in  most  solvents,  was  isolated  by 
Feist  (Arch.  Pharm.  1907,  245,  586). 

The  alkaloids  were  at  first  mistaken  for 
berberine,  to  which  they  are  closely  related 
(Gordin,  Arch.  Pharm.  1902,  240,  146  ; Giinzel, 
ibid.  1906,  244,  257  ; Gadamer,  ibid.  1902,  240, 
450  ; and  particularly  Feist,  ibid.  1907,  245, 
586).  All  three  yield  yellow  quaternary  salts. 
The  aqueous  solution  of  an  alcoholic  extract  of 
the  drug  is  extracted  with  ether  to  remove 
columbin  {see  above),  and  concentrated  potas- 
sium iodide  then  precipitates  the  iodides,  which 
are  fractionally  crystallised  from  alcohol. 
Columbamine  iodide  C21H22N5OI,  yellow  needles, 
m.p.  224°,  is  the  least  soluble.  Jateorrhizine 
iodide  CaoHaoOgNLHaO  forms  orange-yellow 
needles,  m.p.  208°-210° ; palmatine  iodide 
C21H22O6NI,  slender  yellow  needles,  m.p.  238°- 
240°.  The  first  of  these  contains  four  methoxy 
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groups  and  one  hydroxyl  group  ; it  is  a methyl 
ether  of  the  second,  which  contains  three 
methoxy  and  two  hydroxyl  groups,  for  methyl- 
columbamine  and  dimethyl]  ateorrhizine  are 
identical.  Palmatine  iodide  contains  four  meth- 
oxyl  groups,  but  no  hydroxyl,  and  hence 
remains  undissolved  on  treating  the  mixed 
iodides  with  sodium  hydroxide.  Its  exact 
relationship  to  the  other  two  is  unknown. 
Reduction  of  the  corresponding  nitrates  leads 
in  all  three  cases  to  colourless  tetrahydro  deriva- 
tives. Methylcolumbamine  is  oxidised  by  per- 
manganate to  cory  dal  dine  (an  oxydation  product 
of  corydaline,  q.v.),  a trimethoxy-o-phthalic  acid 
(gallo-carboxylic  acid  ?),  m.p.  200°,  and  a 
nitrogenous  acid,  m'.p.  200°-202°.  The  free 
bases  corresponding  to  the  above  salts  are 
unknown,  so  that  it  is  doubtful  whether  the 
alkaloids  are  ammonium  hydroxides  or  the 
corresponding  anhydrides. 

For  the  identification  of  columbin  and  the 
alkaloids  under  the  microscope,  see  Tunmann, 
Pharm.  Zentr.  H.  1914,  55,  775.  G.  B. 

CALYCANTHINE  CnHj^Ng,  crystals,  m.p. 
243°-244°  (dry),  occurs  with  isocalycanthine, 
prisms,  m.p.  235°-236°  (dry),  in  the  seeds  of 
Calycanthus  glaucus  (Wild.),  2 p.c.  One  nitrogen 
is  secondary,  the  other  tertiary.  Toxic  (Gordin, 
J.  Amer.  Chem.  Soc.  1905,  27,  144,  1418  ; 1909, 
31,1305;  1911,33,  1626). 

CAMELINE  OIL,  Dodder  oil,  or  German 
Sesami  oil,  is  prepared  from  the  seeds  of 
Myagrum  sativum  (Crz.),  Camelina  saliva  (Linn.), 
(‘gold  of  pleasure’)  Several  centuries  ago  the 
seed  was  grown  all  over  Germany  as  a crop,  but 
at  present  it  is  only  cultivated  on  a small  scale 
in  some  part  of  South  Germany,  Belgium, 
Holland,  Hungary,  the  Balkan  States,  and 
South  Russia.  The  seed  is  occasionally  ex- 
pressed in  Hull,  but,  as  a rule,  the  press  cakes 
arrive  in  this  country  from  Odessa,  and  are  used 
(in  Liverpool)  in  the  manufacture  of  ‘ compound 
cakes.’  The  average  composition  of  cameline 
seed  is  stated  as  follows  : — 


Oil  ....  29‘4  p.c. 

Water  . . . . 7‘5  ,, 

Proteins  . . . . 25'9  „ 

Carbohydrates  . . . 17*3  „ 

Crude  fibre  . . . 10'5  ,, 

Ash  ....  9‘2  „ 


The  oil  has  a golden-yellow  colour  and  a pun- 
gent taste  and  smell.  On  exposure  to  the  air 
it  dries  slowly.  It  is  a semi- drying  oil,  and 
therefore  yields,  on  boiling  with  litharge  or 
manganese,  a slowly  drying  varnish.  The  low 
saponification  value  of  the  oil  points  to  the 
presence  of  erucic  acid. 

The  ‘ cold-drawn  ’ oil  is  used  for  edible 
purposes  in  Russia.  The  oil  expressed  in  this 
country,  as  also  the  oil  expressed  by  heat  in 
Hungary  and  the  south  of  Russia,  is  used  for 
soap  making. 

It  has  the  following  analytical  characters  : 
sp.gr.  0‘9224-0'9260  at  15°  ; solidification 
point,  — 15°-19°  ; saponification  value,  185- 
188  ; iodine  value,  133-136 ; and  m.p.  of 
fatty  acids,  18°-20°  ; molecular  equivalent  of 
fatty  acids,  296.  A sample  examined  by 
Grimme  (Chem.  Rev.  Fett.  Ind.  1912,  19,  102) 
contained  L16  p.c.  of  unsaponifiable  matter. 
According  to  van  Ketel  and  Antusch  (Zeitscli. 


angew.  Chem.  1896,  581),  linseed  is  liable  to  be 
contaminated  with  cameline  seed,  and  so  may 
yield  an  oil  with  a low  iodine  value.  J.  L. 

CAMPHOID.  A preparation  of  one  part  of 
guncotton  dissolved  in  20  parts  each  of  absolute 
alcohol  and  camphor. 

CAMPEACHY  WOOD  v.  Logwood. 
CAMPHANIC  ACID  Lactones. 
CAMPHENE,  CAMPHINE  v.  Teepenes. 
CAMPHOL  V.  Camphors. 
CAMPHOPHORONE  Ketones. 

CAMPHOR.  The  term  camphor  was  applied 
exclusively,  in  the  sixth  century,  by  Arabian  and 
Chinese  writers,  to  Borneo  or  Malayan  Camphor 
(Borneol),  but  in  the  sixteenth  century  it  in- 
cluded Laurel  or  Common  Camphor,  for  Garcia 
d’Orta  mentions  the  latter  as  well  known  in 
Europe  in  1563,  and  points  out  what  indeed  is 
true  at  the  present  day,  that  the  much  more 
costly  Borneo  or  Sumatra  Camphor  is  entirely 
consumed  in  the  East  (c/.  Fliick.  a.  Hanb.  510). 
The  similarity  in  properties  between  laurel 
camphor  and  the  crystalline  separations  from 
the  volatile  oils  of  plants,  led,  in  the  eighteenth 
century  to  an  extension  of  the  term  camphor  so 
as  to  include  these  solids.  An  attempt  by 
Berzelius  (Lehrbuch  VI.  580)  to  simplify  the 
nomenclature,  by  calling  all  solid  portions  of 
volatile  oils,  ‘ stearoptenes,’  and  the  liquid 
portions  ‘ elseoptens  ’ has  only  resulted  in  the 
continued  use,  almost  synonymously,  of  the 
words  stearoptene  and  camphor.  The  discovery 
that  laurel  camphor  contains  oxygen  has  still 
further  amplified  the  meaning  of  the  word,  which 
in  its  most  comprehensive  sense  now  includes 
most  of  the  oxygenated  products,  both  liquid  and 
solid,  of  volatile  oils. 

Camphors  are  volatile  oxygenated  hydro- 
carbons, usually  possessing  a peculiar  character- 
istic odour.  They  are  mostly  crystalline  solids 
insoluble  in  water,  but  soluble  in  alcohol. 
Except  in  the  case  of  a few  which  are  produced 
artificially  they  are  obtained  from  plants  where 
they  occur  associated  with  hydrocarbons  from 
which  they  are  probably  derived.  Most  plants 
when  distilled  in  steam  yield  volatile  oils  com- 
posed of  heavier  oxidised  compounds  held  in 
solution  more  or  less  by  lighter  hydrocarbons. 
The  former  often  separate  in  crystals  during  the 
condensation  of  the  oil  or  afterwards  on  standing, 
or  they  may  be  obtained  by  fractional  distillation. 

The  more  important  camphors,  using  the 
term  in  its  larger  signification,  maybe  considered, 
for  convenience,  in  4 groups,  as  isomerides  or 
homologues  of : (1)  Peppermint  camphor, 

menthol  C10H20O  ; (2)  Borneo  camphor,  borneol 
CjoHigO  ; (3)  laurel  camphor  CioHjgO  ; and 
(4)  thyme  camphor,  thymol  C]oHi40.  For  the 
most  part  camphors  behave  like  alcohols  or 
phenols,  but  laurel  camphor  and  menthone  are 
ketones,  cineol  is  an  ether  and  alant  camphor 
a lactone.  The  majority  of  camphors  belong  to 
saturated  or  unsaturated  cyclic  systems,  but 
in  1891  Semmler  (Ber.  24,  210)  introduced  the 
expression  ‘ olefinic  camphors  ’ for  certain 
substances  which  possess  an  open  chain 
structure,  are  closely  related  to  the  cyclic 
camphors,  and  are  responsible  for  the  aroma  of 
many  essential  oils.  The  chief  members  of  this 
group  are  citronellol  CioHgoO,  geraniol,  nerol  and 
citronellal  CioHigO,  and  citral  CioHjgO.  {See 
also  Perfumes.) 
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Peppermint  camphor.  Menthol  CioHigOH, 
S-Me-G-isopropyl-l-cyclohexanol.  The  laevo 
modification  of  this  camphor  is  the  chief  con- 
stituent of  peppermint  oil,  the  product  of  distilla- 
tion of  the  herbs  Mentha  piperita  (Linn.)  and 
M.  arvensis  (Linn.),  varieties  piperascens  and 
glabrata.  It  is  also  a minor  constituent  of  a 
few  other  volatile  oils.  A menthol  of  unrecorded 
rotatory  sign  predominates  in  the  oil  from 
Hyptis  suaveolens  (Linn.)  (Bacon,  Phillipine  J. 
Sc.  1909,  4,  A,  130).  The  proportion  of  menthol 
in  normal  Japanese  oil  of  peppermint  varies 
between  69  and  91  p.c. , whilst  English  and 
American  oils  contain  48  to  68  p.c.  A portion, 
abqut  10  p.c.,  of  the  menthol  is  present  in  ester 
form  combined  with  acetic  and  ^5ovalerianic 
acids.  The  camphor  is  extracted  by  freezing 
oils  rich  in  menthol,  whereby  the  crystals 
separate  and  are  recovered  either  by  pressure 
or  by  centrifugal  treatment.  The  more  im- 
portant papers  dealing  with  menthol  in  its 
bearing  on  oil  of  peppermint  are  : Beckett  and 
Wright  (Chem.  Soc.  Trans.  1876,  29,  1),  Atkinson 
and  Yoshida  {ibid.  1882,  41,  50),  Moriya  {ibid. 
1881,  39,  77),  Power  and  Kleber  (Arch.  Pharm. 
1894,  232,  639),  Power  and  Fluckiger  (Pharm. 
J.  1880  [3]  11,  220),  Andres  and  Andreef  (Ber, 
1892,  25,  609),  Schindelmeiser  (Apoth.  Zeit, 
1906,  21,  927),  and  the  semi-annual  reports  of 
Schimmel  and  Co.,  and  of  Roure  Bertrand  Fils. 

Menthol  crystallises  in  prisms  belonging  to 
the  hexagonal  system,  and  in  appearance 
resembles  magnesium  sulphate.  It  has  a strong 
peppermint  odour  and  taste,  and  produces  a 
sensation  of  warmth  on  the  tongue  which  is 
replaced  by  a sensation  of  cold  when  air  is 
inhaled.  M.p.  42°-43°,  43-5°-44-5°  (Gilde- 

meister  and  Hoffmann,  Hie  Atherischen  Ole, 
1910,  i.  405),  b.p.  215’5°  at  758  mm.  (P.  a.  K.), 
sp.gr.  0'88  at  20°  (Long,  J,  Amer.  Chem.  Soc. 

1892,  14,  151),  -50-7°  in  10  p.c.  alcoholic 

solution  (Beckmann,  J.  pr.  Chem.  1897,  [2]  55, 
15).  Menthol  is  very  slightly  soluble  in  water, 
but  soluble  in  the  usual  organic  solvents  and 
in  concentrated  hydrochloric  acid.  It  rotates 
on  the  surface  of  water  in  a similar  manner  to 
laurel  camphor.  Mixed  with  chloral,  thymol,  or 
laurel  camphor,  menthol  reacts  forming  a liquid 
(Kyle,  Amer.  J.  Pharm.  1885,  429 ; Becker, 
ibid.  1886,  283).  When  menthol  is  boiled  with 
sulphuric  acid  diluted  with  half  its  volume  of 
water  it  acquires  an  indigo-blue  or  ultramarine 
colour,  the  acid  becoming  brown  (Brit.  Pharm. 
1914). 

Menthol  is  a saturated  secondary  alcohol 
which  under  the  influence  of  dehydrating  agents, 
e.g.  phosphorus  pentoxide,  zinc  chloride, 
potassium  bisulphate,  passes  into  the  hydro- 
carbon menthene,  CioH^g.  A very  large  number 
of  esters  of  menthol  are  known,  of  which  the 
acetate  CjoHigOAc,  b.p.  227°-228°,  [a]^— 79'26°, 

{cf.  Kishner,  J.  Russ.  Phys.  Chem.  Soc.  1895,  27» 
480),  and  isovalerianate,  CioHi900C'C4H9, 
occur  in  oil  of  peppermint  (P.  a.  K.).  For  the 
identification  of  Z-menthol  by  means  of  deriva- 
tives, the  phenylcarbamate  CjoH4  90CONHPh, 
m.p.  111°-112°  (Leuckart,  Ber.  1887,  20,  115), 
the  hydrogen  phthalate  CioHi900C'C7H502, 
m.p.  122°  (Pickard  and  Littlebury,  Chem.  Soc. 
Trans.  1912,  101,  118),  and  benzoate  C10H49OBZ, 
m.p.  55°-56°  (P.  a.  L.)  are  characteristic. 


Two  atoms  of  hydrogen  are  removed  from 
Z-menthol  by  treatment  with  chromic  acid 
mixture  (Beckmann,  Annalen,  1889,  250,  325) 
with  formation  of  \-menthone,  a liquid  ketone 
which  occurs  to  the  extent  of  about  20  p.c.  in 
oil  of  peppermint  (B.  a.  W.),  and  with  an 
isomeride,  d-isomenthone,  forms  50  p.c.  of 
American  pennyroyal  oil  obtained  from  Hedeoma 
pulegoides  (Linn.)  (Barrowcliff,  Chem.  Soc.  Trans. 
1907,  91,  875).  Menthol  has  been  obtained 
synthetically  from  menthone  and  pulegone 
(Beckmann  and  Pleissner,  Annalen,  1891,  262, 
32,  Haller  and  Martine,  Compt.  rend.  1905,  140, 
1298),  also  from  thymol  byuseof  the  Sabatierand 
Senderens  method  of  reduction.  By  this  latter 
method  the  four  possible  menthols  corresponding 
to  menthone,  namely,  d-  and  Lmenthol  and  d- 
and  Z-7ieomenthol,  have  been  prepared  (Pickard 
and  Littlebury,  Chem.  Soc.  Trans.  1912,  101, 
110).  A small  proportion  of  d-weomenthol  was 
isolated  at  the  same  time  from  Japanese  oil  of 
peppermint. 

In  its  medicinal  action  menthol  resembles 
phenol.  Its  chief  uses  are  as  a local  anaesthetic 
for  relief  of  superficial  pains  of  various  kinds, 
also  dissolved  in  oil  as  a spray  for  influenza, 
hay  fever,  &c.,  and  as  a local  application  in 
certain  cutaneous  diseases. 

Camphors  isomeric  ivith  menthol.  Citronellol 
O10H20O,  a liquid  isomeride  of  menthol  occurs 
as  Lcitronellol  in  rose  oil,  Rosa  damascena  (Mill.) 
(Tiemann  and  Schmidt,  Ber.  1896,  29,  922),  and 
as  d- citronellol  in  Java  citronella  oil,  Andropogon 
Nardus  Java  de  Jong  (Schimmel’s  Rept.  1902,  i. 
14),  and  in  the  oil  from  Barosma  pulchella  (Linn.) 
{ibid.  1910,  i.  17),  whilst  both  forms  occur  in 
geranium  oil,  Pelargonium  graveolens  (Ait.) 
(Tiemann  and  Schmidt,  Ber.  1896,  29,  924). 

Borneo  and  Allied  Camphors.  Malayan, 
Barus  or  Dryobalanops  camphor ; Borneol, 
camphol  C10H47OH,  1,  7,  7,-trimethyl  [1,  2,  2]- 
bicyclo  2-heptanol.  This  camphor  occurs  in 
nature  in  the  dextro-  and  Isevorotatory  varieties, 
esterified  chiefly  in  the  Isevorotatory  modifica- 
tion. Common  borneol,  which  is  dextrorotatory, 
is  the  product  of  Dryobalanops  aromatica  (Gartn. ), 
a majestic  tree  indigenous  to  Sumatra,  Borneo, 
and  Labuan.  The  camphor  is  deposited  in 
fissures  in  the  old  wood,  and  to  obtain  it  the 
trees  have  to  be  sacrificed.  The  tree  is  cut  down 
and  the  wood  is  examined  by  a laborious  process 
of  splitting.  The  collected  camphor  averages 
3 to  11  lbs.  from  each  tree.  Owing  to  the  reck- 
less manner  in  which  the  trees  have  been 
destroyed  without  the  planting  of  others,  the 
forests  of  Sumatra  now  contain  few  that  are 
worth  working  (Pharm.  J.  1881,  [3]  12,  83).  The 
states  of  Sarawak  and  Brunei  are  much  richer 
in  trees,  and  at  the  present  time  produce  borneol 
by  similar  methods  {cf.  Hanb.  and  Fliick.  516 ; 
Kremers,  Pharm  Review,  1905,  23,  7 ; Glide- 
meister  and  Hoffmann,  Hie  atherischen  Ole, 
1916,  iii.  178).  The  crude  camphor  is  best 
purified  by  sublimation  (Pelouze,  Annalen,  1841, 
40,  326). 

d-Borneol  is  also  a constituent  of  the  follow- 
ing volatile  oils : Rosemary,  Rosmarinus 
officinalis  (Linn.)  (Gildemeister  and  Stephan, 
Arch.  Pharm.  1897,  235,  586) ; Siam  Cardamom 
Amomum  cardamomum  (Linn.)  (SchimmeFs 
Rept.  1897,  ii.  9)  ; Nutmeg,  Myristica  fragrans 
(Houtt.)  (Power  and  Salway,  Chem.  Soc.  Trans. 
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1907, 91, 2037)  ; Lavender,  Lavandula  vera  (D.C.) 
(Bruylants,  J.  Pharm.  Chim.  1879,  [41  30,  139  ; 
c/.  Charabot,  Bull.  Soc.  Chim.  1897,  [3^17,  380)  ; 
Spike  Lavender,  Lavandula  8 pica  (Linn.) 
(Bouchardat,  Compt.  rend.  1893,  117,  53  and 
1094),  and  Virginian  Snake-root,  Aristolocliia 
serpentaria  (Linn.)  (Spica,  Gazz.  chim.  ital. 
1887,  17,  314).  In  addition  to  these  natural 
sources  d-borneol  may  be  obtained,  by  the 
action  of  reducing  agents  on  laurel  camphor 
when  borneol,  of  the  same  sign  of  rotation  as  the 
camphor  used,  is  obtained  mixed  with  a small 
proportion  of  ^5oborneol  of  opposite  sign  (Haller, 
Compt.  rend.  1887,  105,  227  ; Beckmann,  J.  pr. 
Chem.  1897,  [2]  55,  31),  and  in  small  propor- 
tion with  ?-borneol  it  is  found  among  the  pro- 
ducts of  the  distillation  of  amber  with  potash 
(Berthelot  and  Buignet,  Annalen,  1860,  115, 
245). 

Borneol  is  harder  and  less  volatile  than 
laurel  camphor,  and  does  not  sublime  in  the 
bottles  in  which  it  is  kept.  It  has  a peppery 
camphoraceous  odour  and  burning  taste. 
M.p.  203°-204°  (preparations  containing  iso- 
borneol  melt  206°-208°)  ; b.p.  212°,  sp.gr.  LOll 
(Plowman,  Pharm.  J.  1874,  [3]  4,  711).  It 
crystallises  in  the  hexagonal  system  (Traube, 
J.  pr.  Chem.  1894,  [2]  49,  3)  ; 37*7°  (Beck- 

mann, Annalen,  1889,  250,  353  ; Haller,  Compt. 
rend.  1891,  112,  143  ; Pickard  and  Littlebury, 
Chem.  Soc.  Trans.  1907,  91,  1973).  Borneol 
is  a saturated  secondary  alcohol,  and  on  oxida- 
tion yields  camphor,  CioHigO  of  the  same 
rotatory  sign.  Powerful  oxidising  agents  pro- 
duce camphoric  acid  CioHie04,  and  further 
degradation  products  (Laurent,  Annalen,  1837, 
22,  135  ; Pelouze,  ibid.  1841,  40,  328  ; Kachler, 
ibid.  1878,  191,  143).  Removal  of  a molecule 
of  water  by  phosphoric  anhydride  gives  rise  to  a 
solid  terpene,  camphene,  CioHig  (Wallach,  ibid. 
1885,  230,  239)  ; for  the  mechanism  of  this 
change,  see  Meerwein,  ibid.  1914,  405,  129). 
Concentrated  hydrochloric  acid  (Berthelot,  ibid. 
1859,  112,  366),  or  phosphorus  pentachloride 
(Kachler,  ibid.  1879,  197,  89)  reacts  with  borneol 
producing  bornyl  chloride  C10H17CI,  a product 
identical  with  pinene  hydrochloride  or  ‘ artificial 
camphor.’  For  the  characterization  of  borneol 
the  phenylcarbamate,  CioHi70CONHPh,  m.p. 
138°-139°  (Bertram  and  Walbaum,  J.  pr.  Chem. 
1894,  [2]  49,  5),  the  acetate  C10H17OAC,  m.p.  29° 
(B.  and  W.  Arch.  Pharm.  1893,  231,  304),  and 
the  addition  products  with  bromal,  m.p.  105°- 
108°  (Minguin,  Compt.  rend.  1893,  116,  889),  and 
chloral,  m.p.  55°-56°  (Haller,  ibid.  1891,  112, 
145),  are  employed. 

LBorneol  is  a constituent  of  the  following 
oils  : Valerian,  Valeriana  officinalis  (Linn.) 
(Bruylants,  Ber.  1878,  11,  452  ; Oliviero,  Bull, 
Soc.  Chim.  1895,  [3]  13,  917),  Canadian  Snake- 
root,  Asarum  canadense  (Linn.)  (Power  and 
Lees,  Chem.  Soc.  Trans.  1902,  81,  63) ; Arbor 
vitse.  Thuja  occidentalis  (Linn.)  (Wallach, 
Annalen,  1907,  353,  213),  Citronella,  Andropogon 
nard'us  (Linn.)  (Schimmels,  Rept.  1912,  1,  43), 
Pinus  maritima  (Mill.)  (Belloni,  Chem.  Zentr. 
1906,  i.  1552),  Yellow  Pine,  Pinus  palustris 
(Mill.)  (Schimmels,  Rept.  1910,  1,  106),  and 
Feverfew,  Matricaria  Parthenium  (Linn.)  {ibid. 
1894,  1,  71).  It  is  also  contained  in  the  fusel 
oil  of  the  crude  spirit  obtained  by  the  fermenta- 
tion of  the  sugar  of  madder,  and  formerly  known 


as  madder  camphor  (Jeanjean,  Annalen,  1857, 
101,  95),  and  in  Ngai  camphor,  the  name  given 
to  the  solid  part  of  the  essential  oil  of  Blumea 
balsamifera  (D.  C.)  (Plowman,  Pharm.  J.  1874, 
[3]  4,  712  ; Fliickiger,  ibid.  828  ; Schimmels, 
Rept.  1910,  1,  149).  From  this  latter  source  the 
Z-borneol  had  a higher  rotatory  power  [a]^ 

— 39°  25',  than  is  usually  observed  (Schimmels. 
Rept.  1895,  1,  74).  On  oxidation  with  nitric 
acid  ^ borneol  yields  Isevorotatory  camphor. 

Numerous  esters  of  borneol  are  known. 
Those  of  Z-borneol,  which  occur  in  nature,  are 
bornyl  acetate,  in  oil  of  valerian  (Bruylants), 
Siberian  fir  oil,  Abies  sibirica  ; Ledeb  (Hirsch- 
sohn,  Chem.  Zentr.  1892,  ii.  793),  hemlock 
spruce  oil,  Abies  canadensis  ; Michx.  (Hunkel, 
Pharm.  Review,  1896,  14,  35),  and  coriander  oil, 
Coriandrum  sativum  (Linn.)  (Walbaum  and 
Muller,  Wallach  Festchrift,  1909,  654),  bornyl 
formate,  butyrate  and  isovalerianate  in  oil  of 
valerian  (Bruylants). 

Inactive  borneol,  the  racemic  mixture  of 
d-  and  Z-borneol  has  been  obtained  by  the 
distillation  of  the  crude  product  of  the  action  of 
sulphuric  acid  on  turpentine  (Armstrong  and 
Tilden,  Chem.  Soc.  Trans.  1879,  35,  752) ; an 
ester  of  Lborneol  is  also  obtained  by  treating 
pinene  with  oxalic  acid  (Schindelmeiser,  J.  Rus. 
Phys.  Chem.  Soc.  1902,  34,  954). 

/soborneol,  a stereoisomeride  of  borneol  and 
an  intermediate  product  in  the  manufacture  of 
synthetic  camphor,  was  first  obtained  by 
Bertram  and  Walbaum  (J.  pr.  Chem.  1894,  [2] 
49,  1)  from  camphene  obtained  by  the  action  of 
sodium  acetate  and  glacial  acetic  acid  on  pinene 
hydrochloride  at  200°.  Camphene  is  warmed 
with  glacial  acetic  acid  and  a little,  50  p.c., 
sulphuric  acid,  and  the  resulting  acetate  is 
decomposed  by  alcoholic  potash,  /soborneol 
can  now  be  prepared  from  pinene  hydrochloride 
directly,  by  the  action  of  boiling  glacial  acetic 
acid  in  the  presence  of  a small  quantity  of  a 
metallic  salt  such  as  anhydrous  zinc  chloride 
(Weizmann  and  Clayton  Aniline  Co.,  Eng.  Pat. 
8266,  1906).  It  is  also  formed  to  a small  extent 
in  the  reduction  of  laurel  camphor  (Beckmann, 
J.  pr.  Chem.  1897,  [2]  55,  35).  It  differs  from 
borneol,  physically,  in  its  greater  volatility,  its 
higher  m.p.  212°  (in  sealed  tube),  and  its  greater 
solubility  in  benzene  and  light  petroleum, 
chemically  in  its  greater  stability  towards 
oxidising  agents,  and  in  the  ease  with  which  it 
loses  water  forming  camphene.  Its-  bromal 
addition  compound  melts  at  71°-72°.  The 
optically  active  ^soborneols  melt  at  214°,  and 
have  [a]^±34‘3°  (Pickard  and  Littlebury,  Chem 

Soc.  Trans.  1907,  91,  1979). 

Camphors  isomeric  loith  borneol.  Cineol, 
Cajeputol  or  Eucalyptol  C^oHji^O,  anhydro 
1-Me  4 (a-Me  a-oxyethyl)  1-oxy cyclohexane,  is  a 
constituent  of  a great  number  of  volatile  oils. 
It  forms  the  major  portion  of  the  volatile  oils  of 
Eucalyptus  globulus  (Labill.)  (Jahns,  Ber.  1884. 
17,  2941),  Wormseed,  Arte7)iisia  vnaritima  (Linn.) 
var.  Stechmanni  (Wallach  and  Brass,  Annalen) 
1884,  225,  291,  Hell  and  Sturcke,  Ber.  1884,  17, 
1970)  ; Cajeput,  Melaleuca  Cajeputi  (Roxb.) 
(Wallach  and  Gildemeister,  ibid.  1888,  246,  276), ; 
M.  viridi flora  de  Brogn.  et  Gris  (Bertrand, 
Bull.  Soc.  Chim.  1893,  [3]  9,  432).  Cineol  melts 
at  1°-L5°  (Schimmel  & Co.) ; b.p.  176° 
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(Wallach,  Annalen,  1888,  245,  195).  It  has  a 
camphor-like  odour  and  is  optically  inactive. 
It  is  characterised  by  its  addition  compounds, 
with  the  halogens,  with  hydrobromic  acid, 
m.p.  56°,  which  also  serves  for  the  isolation  of 
small  quantities  (Wallach,  Annalen,  1888,  246, 
280),  with  phosphoric  acid  (Scammell,  D.  R,  P. 
80118),  with  arsenic  acid  (U.S.  Pat.  705545, 
Thoms  and  Molle,  Arch.  Pharm.  1904,  242,  172), 
with  iodole  (tetraiodopyrrol),  m.p,  112°  (Ber- 
tram and  Walbaum,  Arch.  Pharm.  1897,  235, 
178),  by  means  of  which  very  small  quantities 
can  be  detected  (Hirschsohn,  Chem.  Zentr. 
1893,  i.  503),  and  with  resorcinol  (Baeyer  and 
Villiger,  Ber.  1902,  35,  1209).  The  compounds 
with  hydrobromic  acid,  phosphoric  acid,  arsenic 
acid,  and  resorcinol  are  used  for  its  quantitative 
estimation  (c/.  Turner  and  Holmes,  Amer.  J. 
Pharm.  1915,  87,  101),  the  question  as  to  their 
relative  efficiency  being  still  a matter  of  dispute. 
Dehydrating  agents  convert  cineol  into  dipentene 
CioHje  (Wallach  and  Brass  ; Hell  and  Sturcke). 
Oxidation  .by  permanganate  gives  cineolic  acid 
CioHifiOs,  m.p.  197  (Wallach  and  Gildemeister), 
but  towards  reducing  agents  it  is  very  stable. 
The  oxygen  atom  in  cineol  is  present  as  an  oxide 
or  ether  linking.  The  artificial  production  of 
cineol  has  been  effected  by  the  action  of  dilute 
acids  on  terpineol  or  terpin  hydrate  (Wallach, 
Annalen,  1887,  239,  18). 

Cineol  is  used  in  medicine  as  a local  anti- 
septic dressing,  and  for  catarrhal  conditions  of 
the  respiratory  mucous  membranes. 

The  volatile  oils  of  the  following  contain 
other  isomerides  of  borneol ; Citronella,  Andro- 
pogon  Nardus  (Linn.)  (Semmler,  Ber.  1893, 
26,  2254)  and  Eucalyptus  citriodora  (Hook.) 
(Schimmels,  Rept.  1907,  2,  35)  contain  d- 
Citronellal,  whilst  l-Citronellal  is  contained  in 
‘ Java  lemon  oil  ’ {ibid.  1903,  1,  21).  Linaloe, 
Ocotea  caudata  (Mez.)  (Barbier,  Compt,  rend. 
1895,  121,  168),  Lavender,  Lavandula  vera 
(D.C.)  (Bertram  and  Walbaum,  J.  pr.  Chem. 
1892,  [2]  45,  590)  ; Bergamot,  Citrus  Aurantium 
(Linn.)  (Bertram  and  Walbaum,  ibid.  602) 
contain  l-linalol ; whilst  d-linalol  (‘  coriandrol  ’) 
is  contained  in  oil  of  coriander,  Coriandrum 
sativum  (Linn.)  (Barbier,  Compt.  rend.  1893,  116, 
1460).  Geranium,  Pelargonium  graveolens  (Ait.) 
(Bertram  and  Gildemeister,  J.  pr.  Chem.  1894, 
[2]  49,  191)  ; Citronella,  Andropogon  Nardus 
(Linn.)  (Schimmels,  Rept.  1893,  2,  12);  Lemon 
grass,  Cymbopogon  flexuosus  (Stapf.)  (Tie- 
mann  and  Semmler  Ber.  1893,  26,  2721), 

contain  geraniol  {''  rhodinoV).  Neroli  oil  from 
Citrus  Aurantium  (Linn.),  subspec.  amara 
(Linn.)  (Hesse  and  Zeitschel,  J.  pr.  Chem.  1902, 
[2]  66,  481)  contains  nerol.  d- a- Terpineol, 

m.p.  37°-38°,  is  a constituent  of  od  of  sweet 
orange.  Citrus  Aurantium  (var.)  dulce  (Linn.) 
(Stephan,  J.  pr.  Chem.  1900,  [2]  62,  523)  of 
neroli  and  petit-grain  oils  ; l-a-terpineol  of  oil 
of  camphor,  Cinnamomum  Camphora  (Nees  et 
Eberm.)  (Schimmels,  Rept.  1903,  2,  39)  ; 

1- Terpineol,  m.p.  35°,  of  cajeput  oil,  Melaleuca 
cajeputi  (Roxb.)  (Voiry,  Bull.  Soc.  Chim.  1888, 
[2]  50,  108). 

Common  and  allied  camphors.  Laurel  Cam- 
phor ; Dextro  Camphor.  {Camphre,  Fr.  ; Campher, 
Ger.)  CioH^eO  1.1.1- Trimethyl  \\-2.2]-bicyclo 

2- heptanone.  Common  camphor  is  contained  in 
all  parts  of  the  camphor  la  rel,  Ci  inamomum 


Camphora  (Nees  et  Eberm.),  a tree  inhabiting 
Japan,  Formosa  and  Southern  China.  It 
occurs  also  as  a constituent  of  the  volatile  oils 
of  Spike,  Lavandula  spica  (D.C.)  (Lallemand, 
Annalen,  1860,  114,  198)  ; Rosemary,  Ros- 
marinus officinalis  (Linn.)  {ibid.  197)  ; Sage, 
Salvia  officinalis  (Linn.)  (Muir,  Chem.  Soc. 
Trans.  1880,  37,  678)  ; Siam  Cardamom, 

Amomum  Cardamomum  (Linn.)  (Schimmels, 
Rept.  1897,  2,  9)  ; American  Wormseed,  Cheno- 
podium  ambrosoides  (Linn.)  var.  anthelminthicum 
(Gray)  {ibid.  1908,  1,  112),  and  Sassafras, 
fras  officinalis  (Nees)  (Power  and  Kleber, 
Pharm.  Review,  1896,  14,  101). 

Although  camphor  is  at  the  present  time 
still  manufactured  artificially,  most  of  the 
camphor  of  commerce  is  obtained  from  the 
camphor  laurel,  the  chief  industry  being  con- 
fined to  Japan,  Formosa  and  China.  The 
experimental  plantations  which  were  under- 
taken for  the  production  of  natural  camphor 
in  Florida,  California,  Jamaica,  East  Africa, 
Malay  States,  Algeria  and  Ceylon  have  at 
least  in  one  case,  that  of  Florida,  begun 
to  furnish  camphor  on  the  commercial  scale 
(Oil,  Paint  and  Drug  Rep.,  March  29,  1915).  In 
Formosa  the  camphor  industry  before  the  China- 
Japanese  war  was  nominally  in  the  hands  of  the 
Chinese,  but  owing  to  the  savage  state  of  the 
interior  of  the  island,  and  the  unscrupulous 
methods  of  the  dealers,  it  had  declined  to 
small  and  unimportant  proportions.  Afterwards 
Japan  assumed  the  control  of  the  industry,  and 
it  was  made  a government  monopoly  in  1899, 
and  this  was  extended  to  Japanese  camphor  in 
1903.  Since  the  establishment  of  the  monopoly 
the  old  crude  methods  of  obtaining  the  camphor 
(Fliick.  and  Hanb.  513)  have  been  replaced  by 
more  modern  ones.  The  camphor  wood  in  the 
form  of  chips  is  steamed  in  roughly  built 
furnaces,  and  the  camphor  which  is  driven  off 
is  condensed  in  cooled  wooden  vessels,  and  freed 
from  most  of  the  oil  by  draining,  crude  or 
‘ grade  B ’ camphor  being  thus  obtained.  For 
the  production  of  refined  or  ‘ grade  A ’ camphor, 
the  crude  material  is  heated  in  large  iron  retorts, 
through  which  a current  of  air  is  passed.  For 
the  first  48  hours  only  sufficient  heat  is  applied 
to  drive  off  the  water  and  oil.  The  retorts  are 
then  connected  with  a condensing  chamber, 
the  roof  of  which  is  cooled  by  running  water, 
and  are  heated  to  a high  temperature  in  order  to 
volatilise  the  camphor.  It  is  then  formed  into 
blocks  in  wooden  moulds  and  pressed,  first  by 
steam  power  and  finally  by  a very  high  hydraulic 
pressure  (Collins,  J.  Soc.  Chem.  Ind.  1904,  75). 
The  yield  of  camphor  is  greater  in  winter  than 
in  summer,  while  the  reverse  is  true  of  the  oil. 
In  summer  a charge  of  120  kilos,  of  wood  gives 
2'4  kilos.,  or  2 p.c.  of  camphor,  and  1’8  litres  of 
oil ; in  winter,  3 kilos.,  or  2 ‘4  p.c.  of  camphor 
and  O' 5-0 '7  litre  of  oil. 

Crude  camphor  appears  in  commerce  as  a 
coarse  wet  powder  of  a greyish-white  colour. 
Chinese  crude  camphor  is  packed  in  round  wooden 
pots  of  about  150  lbs.  net  content,  Japanese  in 
lead- lined  wooden  boxes  containing  about 
130  lbs.  net.  The  principal  impurities  of  crude 
camphor  are  water,  camphor  oil,  iron,  sand, 
wood,  &c.  Light  oil  of  camphor  has  a sp.gr. 
of  0*895-0'920 ; b.p.  170°-i80°,  and  contains 
pinene,  camphene,  dipentene,  phellan<lrene  and 
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fenchene.  Heavy  oil  of  camphor,  having  a ' i 
sp.gr.  of  0-960-0-970,  and  b.p.  240°-300°,  : 
contains  cadinene,  safrol,  eugenol,  cineol, 
fenchone,  terpineol,  &c.  Besides  these  com- 
pounds, both  of  the  oils  contain  a large  amount  of 
camphor  in  solution.  Before  refining  crude 
camphor,  the  oil  and  water  must  be  got  rid  of, 
as  the  oil  gives  the  refined  camphor  a fatty 
touch,  and  the  water  renders  it  opaque.  The  ' 
elimination  of  water  and  oil  is  often  effected  by 
washing  in  a centrifugal  machine  with  small  i 
quantities  of  water ; the  liquid  draining  off 
contains  both  oil  and  water.  The  separation 
is  also  done  by  hydraulic  pressure,  or  by 
crystallisation  from  boiling  benzene  or  light 
petroleum.  Resublimatio'n  in  Europe  is  done 
principally  in  glass  retorts,  yielding  a round 
concave  cake  weighing  6-8  lbs,,  having  an  open- 
ing in  the  centre.  In  America  the  camphor  is 
sublimed  from  flat  iron  pans  with  iron  covers, 
yielding  plates  of  about  18  inches  square  and  1 inch 
thick,  weighing  from  8 to  10  lbs.  The  process 
consists  in  mixing  the  camphor  with  a little  lime, 
charcoal  or  iron  filings,  according  to  the  quality, 
and  charging  each  pan  with  about  12  lbs.  of 
material ; the  subliming  pans  are  heated  slowly 
^ for  2 hours,  and  then  fired  rapidly  up  to  190°, 
this  temperature  being  kept  for  from  12  to  16 
hours.  After  cooling,  the  refined  product  is 
removed  from  the  cover  by  slightly  heating,  and 
is  then  cut  into  the  desired  shape  (Drobegg, 

J.  Soc.  Chem.  Ind.  1907,  381). 

Purified  camphor  comes  on  to  the  market 
in  three  forms,  ‘ bells,’  ‘ blocks  ’ and  ‘ flowers.’ 
Block  camphor  consists  of  colourless  translucent 
masses  traversed  by  numerous  cracks.  It  can 
be  broken  but  is  too  tough  to  admit  of  “being 
powdered  by  trituration.  This  may,  however, 
be  readily  effected  if  a little  alcohol  be  added, 
which  escapes  again  during  the  operation. 
Camphor  finds  very  extensive  commercial 
application  in  the  preparation  of  celluloid,  in 
medicine  where  it  is  used  externally  as  a mild 
rubefacient  and  to  destroy  parasites,  internally, 
as  a carminative  and  intestinal  disinfectant, 
and  to  a minor  extent  in  the  manufacture  of 
explosives.  Sp.gr.  0'986-0'996 ; m.p.  175°, 
178’75°  corr.  (Lenz.  Arch.  Pharm.  1911,  249, 
289) ; b.p.  204°.  It  sublimes  to  some  extent  at 
ordinary  temperatures  and  condenses  in  hexa- 
gonal crystals  (c/.  Folger,  Y.B.  Pharm.  1886, 
232) ; [a]^  44’22°  in  20  p.c.  alcoholic  solution 

(Beckmann,  Annalen,  1889,  250,  353).  Re- 
fraction coefficient  (Kanonnikof,  J.  pr.  Chem. 
1885,  [2]  31,  348).  Camphor  in  common  with 
chloral  hydrate  and  some  other  substances 
rotates  in  a peculiar  manner  on  the  surface  of 
water  (lowering  of  surface  tension  by  solution), 
(Tomlinson,  Phil.  Mag.  1873,  [4]  46,  376  ; Pharm. 

J.  1874,  [3]  4,  654,  672  ; Chem.  News,  1885,  52, 
50).  It  is  very  sparingly  soluble  in  water 
(1  : 700),  readily  in  90  p.c.  alcohol  (1  : 1),  also 
in  chloroform  and  ether.  Mixed  with  chloral 
hydrate,  it  forms  an  oily  liquid  CioH^eO, 
CClsCHOjHgO,  which  has  been  employed  in 
medicine  as  an  anodyne  pigment  (Brown, 
Pharm.  J.  1873,  [3]  4,  729 ; Saunders,  ibid. 
1876,  [3]  7,  89  ; Cazeneuve  and  Imbert,  Bull. 
Soc.  Chim.  1880,  [2]  34,  209  ; Zeidler,  J.  1878, 
645  ; Albright,  Amer.  J.  Pharm.  1886,  282). 
Similar  combinations  take  place  between 
camphor  and  chloral  alcoholate  (Zeidler),  phenol 


(Leger,  Bull.  Soc.  Chim.  1890,  [3]  4,  725); 
menthol  (Kyle,  Amer.  J.  Pharm.  1885,  429),  and 
thymol  (Symes,  Pharm.  J.  1879,  [3]  9,  598). 

Camphor  is  a saturated  hydroaromatic 
ketone,  but  does  not  combine  with  sodium 
bisulphite.  For  identification  purposes  use  is 
made  of  the  oxime  CioHjgNOH,  m.p.  118°-119° 
(Auwers,  Ber.  1889,  22,  605),  the  semicarbazone 
CioHi6=N-NHCONH2,  m.p.  236°-238°  (Tie- 
mann,  Ber.  1895,  28,  2191),  the  oxymethylene 
compound  CioHi40  = CHOH,  m.p.  80°-81°,^  and 
the  benzylidene  compound  C]oH440  = CHC6H5, 
m.p.  96°.  Of  its  substitution  products,  one, 
a-bromocamphor  CioHjgOBr  has  been  employed 
in  medicine  as  a sedative  in  nervous  excitement, 
and  is  an  article  of  trade.  It  is  best  prepared  by 
treating  powdered  camphor  with  bromine  at 
100°,  pouring  the  liquefied  product  into  water  and 
recrystallising  from  spirit  (Armstrong  and 
Matthews,  Chem.  News,  1878,  37,  4).  It  has  a 
weak  camphoraceous  odour  and  taste ; m.p. 
76°  ; b.p.  274°.  It  is  insoluble  in  water,  but 
soluble  in  the  common  organic  solvents,  in  fixed 
oils,  and  in  sulphuric  acid.  By  the  action  of 
reducing  agents  camphor  is  converted  into  a 
mixture  of  borneol  and  isoborneol,  the  former 
predominating  (Beckmann,  J.  pr.  Chem.  1897, 
[2]  55,  35  ; Haller,  Compt.  rend.  1887,  105,  227). 
On  oxidation  with  nitric  acid  (Kachler,  Annalen, 
1878,  191,  143)  or  hot  alkaline  permanganate 
(Grosser,  Ber.  1881,  14,  2507),  camphor  yields 
camphoric  acid  CsH4  4(COOH)2. 

Synthetic  Ca7nphor ; Inactive  Camphor. 
Camphor  can  be  manufactured  from  turpentine 
oil,  and  has  from  time  to  time  appeared  on  the 
market.  It  is  termed  ‘ synthetic  ’ camphor  to 
distinguish  it  from  the  so-called  ‘ artificial 
camphor,’ which  consistsof  pinene  hydrochloride, 
and  is  unsuitable  for  the  chief  purposes  to  which 
camphor  is  applied.  Only  when  the  prices  of  the 
natural  product  are  abnormally  high  has 
synthetic  camphor  been  able  to  compete  with  it. 
During  the  war,  in  Germany,  owing  to  the 
failure  of  supplies  of  d-camphor,  the  Sobering 
interests  and  probably  other  firms  (Houseman, 
Amer.  J.  Pharm.  1915,  87,  58)  produced 

synthetic  camphor  in  quantity,  whilst  the 
American  Camphor  Corporation  contend  that 
they  can  supply  the  requirements  of  the  celluloid 
trade  with  synthetic  camphor  (Oil,  Paint  and 
Drug  Rep.,  March  29,  1915).  Natural  camphor 
and  synthetic  camphor  only  differ  in  their 
action  on  polarised  light,  the  latter  being  either 
inactive  or  showing  only  a slight  activity ; in 
their  physiological  action  they  are  identical 
(Joachimoglu,  Ber.  deut.  Pharm.  Ges.  1916,  26, 
427).  By  working  at  low  temperatures,  how- 
ever, Darmois  (Compt.  rend.  1910,  150,  925)  has 
obtained  synthetic  camphor  with  the  rotation 
of  natural  camphor,  French  oil  of  turpentine 
yielding  camphor,  whilst  turpentine  from  the 
Aleppo  pine,  Pinus  halepenis  (Mill.)  yielded 
cZ- camphor.  The  various  routes  taken  by 
patented  processes  ^for  the  manufacture  of 
synthetic  camphor  are  shown  by  Fig.  1. 

The  first  commercial  process  consisted  essen- 
tially in  converting  oil  of  turpentine  into 
pinene  hydrochloride,  which  compound  by  eli- 
mination of  hydrogen  chloride  yields  camphene. 
Camphene  is  then  converted  into  Zsoborneol, 
which,  like  natural  borneol,  yields  camphor 
on  oxidation.  For  the  preparation  of  pinene 
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hydrochloride,  oil  of  turpentine,  which  contains 
70-90  p.c.  of  pinene,  depending  on  its  origin,  is 
treated  with  dry  hydrogen  chloride,  whereby  a 
solid  hydrochloride  is  obtained  together  with  a 


PINENE 


liquid  hydrochloride  which  is  not  suitable  for  the 
manufacture  of  camphene.  This  liquid  hydro- 
chloride contains  a considerable  proportion  of 
the  solid  hydrochloride  in  solution,  which  may 
be  recovered  by  oxidising  the  oily  product  with 
ddute  nitric  acid,  or  by  extraction  with  petroleum 
after  treatment  with  sulphuric  acid  at  40°, 
which  polymerises  the  oil  (Eng,  Pat.  7319,  1908). 
The  preparation  of  camphene  by  the  removal  of 
hydrogen  chloride  from  pinene  hydrochloride 
(Wallach,  Annalen,  1887,  239,  6 ; Briihl,  Ber. 
1892,  25,  147  ; Reychler,  Bull.  Soc.  Chim.  1896, 
[3]  15,  371)  was  at  first  attended  with  difficulty  ; 
the  yield  was  small  and  the  product  was  liable 
to  contain  chloride.  During  the  last  two 
decades  the  following  methods  have  been 
patented  for  the  production  of  camphene  in 
large  quantities,  many  of  which  are  claimed  to 
give  almost  theoretical  yields  and  a product  free 
from  chloride  : Heating  the  hydrochloride  with 
bases  of  the  aliphatic  series  such  as  methyl- 
amine,  or  with  piperazine  or  piperidine  (U.'S.  Pat. 
707270,  1902),  or  with  tertiary  bases  of  the 
pyridine  and  quinoline  group  (Eng.  Pat.  5032, 
1906)  ; by  heating  with  alcoholic,  aqueous,  or 
gaseous  ammonia  (U.S.  Pat.  707271,  1902),  or 
ammonia  in  presence  of  a phenol  (D.  R.  P. 
264246,  1912)  ; by  heating  with  aqueous  sodium 
hydroxide  or  ammonia  in  presence  of  a soap 
(U.S.  Pat.  725890,  1903) ; by  heating  with  lead 
acetate  in  glacial  acetic  acid  solution  (Fr.  Pat. 
349896,  1904)  ; by  heating  with  glacial  phos- 
phoric acid  in  glacial  acetic  acid  solution 
(D.  R.  P.  207888,  1908)  ; by  heating  with  a 
metallic  salt  of  a higher  fatty  acid  (Eng.  Pat, 
19960,  1906  ; 1948,  1907),  or  with  a mixture  of 
metallic  salts  of  the  fatty  acids  (Eng.  Pat.  2488, 
1913)  ; by  heating  with  a metal  and  an  oxidising 
agent,  such  as  zinc  and  barium  peroxide  in 
molecular  proportions  (Fr.  Pat.  361333,  1905)  ; 
by  heating  with  salts  of  phenols  or  naphthols 
either  anhydrous  or  in  presence  of  water  (Eng. 
Pat.  16429,  1906  ; 21180,  1906;  5674,  1908); 
by  heating  with  lime  or  other  similar  oxide 
(Fr.  Pat.  375897,  1907  ; Eng.  Pat.  25453,  1907), 
in  the  presence  of  phenol  at  180°  (Eng.  Pat. 
22810,  1906),  in  the  presence  of  polyvalent 
alcohols  or  carbohydrates  (Eng.  Pat,  10784,  1907) ; 
by  heating  with  alkali,  and  alkali  or  alkaline  earth 
salt  of  a sulphonic  acid  of  the  benzene  or  naphtha- 
lene series  (Eng.  Pat.  10783,  1907) ; by  heating 
with  alkali  or  alkaline  earth  salts  of  organic  sul- 
phamides  or  with  phenolsulphonic  acids  (D.  R,  P, 
197346,  197805,  1907)  ; by  heating  with  alkali 
or  alkaline  earth  hydroxides  in  presence  of 
compounds  which  combine  with  water  such  as 
alkali  or  alkaline  earth  oxides  (Fr.  Pat.  413282, 
1909)  ; by  heating  with  zinc  oxide  in  presence  of 
alkali  hydroxide  (Eng.  Pat.  11029,  1911)  ; by 


heating  with  a-  or  /3-naphthylamine  (D,  R,  P. 
206386,  1907),  or  with  aniline  (D.  R.  P.  205850, 
1907)  ; by  heating  with  a meta-  or  pyro- borate, 
silicate,  phosphate  or  arsenate  in  aqueous  solu- 
tion (D.  R.  P.  205295,  1908) ; by  heating  with 
phenol,  cresol  or  naphthol  and  the  carbonate  of 
an  alkali  or  alkaline  earth  metal  (Eng.  Pat. 
13902,  1909)  ; by  heating  under  reflux  until  the 
hydrochloric  acid  has  gone  (U.S.  Pat.  923967, 
1909)  ; by  the  Grignard  reaction  (Hesse,  Ber. 
1906,  39,  1127).  According  to  Eng.  Pat.  10227, 
1910,  pinene  vapour  when  passed  over  a 
catalyst  at  200°-300°  is  converted  into  camphene. 

Bertram  and  Walbaum  (J.  pr.  Chem.  1894, 
[2]  49,  1)  made  the  discovery  that  camphene  is 
converted  into  isoborneol  by  warming  with  a 
mixture  of  acetic  acid  and  a little  sulphuric  acid, 
and  decomposing  the  resulting  isobornyl 
acetate  by  alcoholic  potash.  This  method  is 
employed  on  the  manufacturing  scale.  A 
variant  of  the  method  is  described  in  Eng.  Pat. 
19961,  1906,  where  camphene  is  heated  with 
oxalic  acid  in  a suitable  solvent  with  a condensing 
agent  such  as  sulphuric  or  phosphoric  acids  with 
formation  of  normal  and  acid  esters  of  ^5oborneoL 
Camphene  has  also  been  directly  converted  into 
^5oborneol  by  boiling  in  acetone  with  half  its 
weight  of  20  p.c.  H2SO4  for  10  hours,  or  in  an 
autoclave  at  100°  for  a shorter  time  (Fr.  Pat. 
385341,  1907).  The  ^'soborneol  purified  by 

crystallisation  from  light  petroleum  or  benzene 
is  then  oxidised  to  camphor.  For  this  purpose 
various  oxidising  agents  are  employed,  many  of 
which  have  been  patented.  Amongst  these  are  : 
potassium  permanganate  in  glacial  acetic  acid 
(Ber.  1900,  33,  3430) ; aqueous  solution  of 
permanganate  employed  with  a benzene  solution 
of  fsoborneol  (Er.  Pat.  341513,  1904)  ; potassium 
permanganate  in  alkaline  solution  (D.  R.  P. 
Anm.  38311,  1904)  ; chlorine,  either  gaseous  or 
in  solution  (Eng.  Pat.  28035,  1904  ; U.S.  Pat. 
802792,  1905)  ; hypochlorite,  either  alone 

(U.S.  Pat.  864162,  1907),  or  in  presence  of  copjjer 
and  ferric  chlorides  (Eng.  Pat.  20050,  1908)  ; 
chromic  acid  or  chromates  (Eng.  Pat.  26779, 
1904  ; 14550,  1907)  ; in  acetone  solution  (Eng. 
Pat.  21946, 1907)  ; or  in  presence  of  an  indifferent 
solvent  (Eng.  Pat.  5513,  1908  ; 24779,  1912)  ; 
nitric  acid  in  which  the  presence  of  nitrous  acid 
is  essential  (Eng.  Pat.  9857,  1907)  ; nitric  acid 
in  presence  of  vanadic  acid  and  oxygen  (Eng.  Pat. 
18047,  1908) ; nitric  acid  in  presence  of  a halogen 
(U.S.  Pat.  1313661,  1919) ; oxygen  (U.S.  Pat. 
801485,  1905) ; oxygen,  oxides  of  heavy  metals  or 
peroxides  (Fr.  Pat.  385352,  1907) ; basic  oxidising 
substances,  e.g.  CuO,HgO(Eng.  Pat.  3750, 1908); 
metals  or  oxides  which  can  liberate  hydrogen 
from  woborneol  (Eng.  Pat.  26708,  1908)  ; electro- 
lytic methods  (U.S.  Pat.  875062,  1907  ; Er.  Pat. 
387539,  1907) ; ozone  (U.S.  Pat.  801483,  1905) ; 
nitrous  anhydride  (U.S.  Pat.  802793,  1905)  ; 
metallic  copper  at  300°  in  absence  of  air  (Eng. 
Pat.  17573,  1906).  According  to  U.S.  Pat. 
790601,  1905,  and  Eng.  Pat.  21171,  1906,  'iso- 
bornyl  acetate  and  other  tsobornyl  esters  can  be 
directly  oxidised  to  camphor  without  previous 
saponification. 

Camphene  can  also  be  directly  oxidised  to 
camphor  (Armstrong  and  Tilden,  Ber.  1879,  12, 
1756),  and  the  following  processes  have  been 
patented  : Treatment  with  ozone  at  80°  (Eng. 
Pat.  21294,  1890) ; treatment  with  hot  air  or 
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oxygen  (Eng.  Pat.  3555,  1890)  ; oxidation  by 
potassium  permanganate  in  acetone  solution 
(addition  to  Fr.  Pat.  349896,  1904)  ; treatment 
of  camphene  at  180°  with  an  oxidising  agent, 
such  as  chromic  acid,  converts  it  into  oxonide 
CioHjeOg,  which  loses  oxygen  on  treatment  with 
water,  and  is  converted  into  a lactone,  campheno- 
lide,  which  yields  camphor  on  heating  in 
presence  of  water  (Fr.  Pat.  361333,  1905)  ; 
oxidation  with  a per-  salt  of  potassium  and 
sulphuric  acid  (Fr.  Pat.  389092,  1908), 

Another  method  of  obtaining  synthetic 
camphor  depends  on  the  formation  of  bornyl 
and  isobornyl  esters  by  the  direct  action  of 
various  acids  on  pinene  or  turpentine  oil.  The 
following  processes  have  been  patented  : Treat- 
ment of  anhydrous  turpentine  at  120°- 130° 
with  anhydrous  oxalic  acid  (U.S.  Pat.  698761, 
1902,  cf.  Pond,  J.  Soc.  Chem.  Ind.  1907,  385)  ; 
by  heating  pinene  with  anhydrous  oxalic  acid  in 
presence  of  anhydrous  chlorides,  e.g,  AlClg  with 
the  addition  of  a diluent  (Eng.  Pat,  14408,  1908) ; 
by  heating  turpentine  with  an  alcohol  and  an 
acid  anhydride,  e.g.  B2O3  at  120°-140°  (Eng.  Pat. 
11248,  1908)  ; by  heating  pinene  with  an 
aromatic  polysubstituted  acid  (Eng,  Pat.  18049, 
1908)  ; terpenes  or  oils  containing  terpenes 
heated  at  160°  with  propionic  or  butyric  acid 
(Fr.  Pat.  408106,  1909).  Similar  methods, 

based  on  the  direct  formation  of  bornyl  or  iso- 
bornyl  esters  from  pinene  hydrochloride,  have 
been  patented  ; by  heating  with  an  alkaline 
formate  or  oxalate  in  alcohol  and  water  for 
10  hours  to  120°  (Eng.  Pat.  5549,  1904) ; by 
heating  with  metallic  formates  and  formic  acid 
(Eng.  Pat.  14379,  1907)  ; solid  pinene  hydro- 
chloride is  heated  with  an  alkaline  earth  oxide 
in  presence  of  excess  of  a lower  member  of  the 
fatty  acids  (Fr.  Pat,  393504,  1908)  ; turpentine 
treated  with  dry  hydrochloric  acid  gas  is  boiled 
with  an  alkali,  alkaline  earth  or  metallic  butyrate 
or  propionate  in  presence  of  excess  of  the  corre- 
sponding fatty  acid  (Fr.  Pat.  408065,  1909)  ; by 
heating  pinene  hydrochloride  in  acetic  acid 
solution  with  lead  acetate  (Fr.  Pat.  349896 
1904)  ; by  heating  in  acetic  acid  solution  with  an 
acetate  and  fused  CaClg  or  KHSO4  (Eng.  Pat, 
1936,  1908)  ; by  heating  with  acetic  acid  in 
presence  of  zinc  chloride  (Eng.  Pat.  8266,  1906), 
or  some  other  zinc  salt  (Eng.  Pat.  10798,  1906), 
and  with  addition  of  an  alkali  or  alkaline  earth 
salt  of  a formate,  acetate  or  butyrate  (Eng.  Pat. 
18280,  1906)  ; by  heating  with  the  acetate  of  an 
alkaline  earth  for  20  hours  at  180°  (Fr.  Pat. 
375590,  1907)  ; by  heating  with  a fatty  acid  in 
presence  of  metallic  zinc  (Eng.  Pat.  16605,  1907), 
or  by  heating  with  organic  acids  in  presence  of 
zinc  (Eng.  Pat.  14752,  1908)  ; by  heating  with 
fatty  acids  and  zinc  chloride  in  presence  of 
cobaltous  chloride  or  other  suitable  inorganic 
salt  (Eng.  Pat.  22129,  1907)  ; solid  pinene 
hydrochloride  is  shaken  with  a salt  of  acetic  or 
stearic  acid  or  phenol  with  an  excess  of  either 
acetic,  stearic  acid  or  phenol  in  presence 
of  a dehydrant  (Fr.  Pat.  382790,  1906). 

The  direct  conversion  of  pinene  hydro- 
chloride into  camphor  is  claimed  in  Eng.  Pat. 
27317,  1913,  by  heating  with  nitric  acid  or  its 
salts  in  presence  of  a catalyst,  whilst  two  pro- 
cesses for  the  conversion  of  turpentine  into 
camjjhor  have  been  patented.  They  are  : 
turpentine  is  treated  with  a halogen  at  a low 


temperature,  —25°,  until  the  increase  in  weight 
is  25-50  p.c.,  and  the  product,  still  at  a low 
temperature,  is  mixed  with  one- eighth  to  one- 
fifth  its  weight  of  NaOH,  when  it  is  converted 
into  camphor  (Fr.  Pat.  392182,  1907)  ; turpen- 
tine in  a neutral  solvent  is  treated  with  nascent 
oxygen  (Fr.  Pat.  406005,  1908). 

(For  analyses  and  points  of  difference 
between  natural  and  commercial  synthetic 
camphor,  see  Crane  and  J oyce  ( J.  Soc.  Chem.  Ind. 
1907,  386),  Lohmann  (Ber.  deut.  Pharm.  Ges. 

1909,  19,  222),  and  Lenz  (Arch.  Pharm.  1911, 
249,  289).) 

L(evo  camphor ; Matricaria  camphor. 
This  camphor  occurs  naturally  in  the  volatile 
oils  of  Feverfew,  Matricaria  Parthenium  (Linn.) 
(Chautard,  J.  pr.  Chem.  1848,  45,  45  ; Compt. 
rend.  1853,  37,  166)  ; Tansy,  Tanacetum  vulgar e 
(Linn.)  (Schimmels;  Rep.  1895,  ii.  35)  ; and 
Artemisia  Nana  (Pursh.)  (Whittelsey,  Chem. 
Zentr.  1909,  ii.  2160).  It  is  also  a constituent  of 
Ngai  camphor,  the  solid  portion  of  the  oil  of 
Blumea  halsamifera  (D.C.)  (Schimmels  Rep. 

1910,  i.  149).  It  can  be  prepared  by  oxidation 
of  camphene  obtained  from  laevorotatory  pinene 
(Riban,  Bull,  Soc.  Chim.  1900,  24,  19  ; Harmois, 
Compt.  rend.  1910,  150,  925),  and  by  oxidation 
of  Lborneol  with  nitric  acid  (Pope  and  Harvey, 
Chem.  Soc.  Trans.  1901,  79,  76).  It  differs  from 
common  camphor  only  in  its  behaviour  towards 
polarised  light. 

Inactive  camphor  is  a constituent  of  the 
oil  of  Chrysanthemum  sinense  (var.)  japoni- 
cum  (Keimatsu,  J.  pharm.  Soc.  Japan,  1909, 
236,  1). 

The  following  are  the  more  important 
isomerides  of  camphor  which  occur  naturally 
in  volatile  oils:  Pulegone  CioHigO,  is  only 
found  in  oils  of  the  Labiatce,  chiefly  in  European 
Pennyroyal,  Mentha  pulegium  (Linn.)  (Beckmann 
and  Pleissner,  Annalen,  1891,  262,  1)  ; Fenchone 
in  its  dextro  modification  is  a constituent  of  oil 
of  Fennel,  Foeniculum  vidgare  (G.)  (Wallach, 
Annalen,  1891,  263,  129),  whilst  the  loevo  variety 
is  found  in  oil  of  Thuja,  Thuja  occidentalis  (Linn.) 
(Wallach,  Annalen,  1892,  272,  99)  ; Thujone 
occurs  in  three  forms,  as  d-a-thujone  in  Thuja  oil 
(Paolini  and  Hivizia,  Atti.  R.  Accad.  dei  Lincei, 
1912,  21,  1 1]  570)  ; as  l-a-thujone  in  the  same  oil 
(Wallach,  Annalen,  1893,  272,  99)  ; and  as 
d-^-thujone  in  oil  of  Tansy,  Tanacetum  vidgare 
(Linn.)  (Semmler,  Ber.  1892,  25,  3343),  and  oil  of 
Wormwood  Artemisia  Absinthium  (Linn.)  {ibid.)  ; 
Citral  is  a frequent  constituent  of  volatile  oils 
and  a major  ingredient  of  the  oil  from  BacJc- 
housia  citriodora  (F.  v.  M.)  (Bertram,  Schimmels, 
Rep.  1888,  ii.  17),  and  of  Lemon-grass  oil, 
Cymbopogon  flexuosus  (Stapf.)  {ibid.)  ; Sabinol 
is  the  most  important  constituent  of  oil  of  Savin, 
Juniperus  Sabina  (Linn.)  (Fromm,  Ber.  1898, 
31,  2025). 

The  more  important  homologues  of  common 
camphor  belong  to  the  sesquiterpene  alcohols 
{see  Terpenes).  Owing  to  their  capacity  for 
crystallising  from  volatile  oils  some  of  them  have 
long  been  known. 

Matico  camphor  CigHgeQ,  was  formerly  a 
constituent  of  oil  of  matico.  Piper  angustifolium 
(Ruiz  et  Pavon),  but  appears  to  be  absent  from 
present  day  oils.  M.p.  94°,  [a]^— 28'7°  (in 

chloroform).  Boiling  with  26  p.c.  sulphuric 
acid  converts  it  into  a blue  sesquiterpene 
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C15H24  (Kiigler,  Ber.  1883,  16,  2841  ; Thoms, 
Arbeit.  Pharin.  Inst.  Berlin,  1905,  2,  125). 

Cedar  camphor.  Cypress  camphor,  Cedrol 
CisHgeOjisa  frequent  constituent  of  the  volatile 
oil  of  Juniperus  virginiana  (Linn.),  m.p.  86° -87°, 
[a]^  9.5  (in  chloroform).  It  yields  cedrene  C15H24 

when  treated  with  phosphoric  anhydride 
(Walter,  Annalen,  1841,  39,  247,  cf.  also  Semmler 
and  Mayer,  Ber.  1912,  45,  1384). 

Cuhebs  camphor  CigHgeO,  is  a constituent  of 
the  volatile  oil  of  Piper  Cubeba  (Linn.),  when  it 
has  been  exposed  to  the  air  for  some  time. 
M.p.  68°-70°,  b.p.  148°,  with  loss  of  water,  a 
change  which  very  readily  takes  place  under 
various  conditions  of  treatment  forming  a 
sesquiterpene  (Schmidt,  Ber.  1877,  10,  188 ; 
Schaer  and  Wyss,  Arch.  Pharm.  1875,  206,  316). 

Ledum  camphor  CigHgsO,  obtained  from  the 
volatile  oil  of  Marsh  Tea,  Ledum  palustre  (Linn.). 
Needles,  m.p.  104°-105°,  b.p.  282°-283°.  The 
sesquiterpene,  ledene  C45H24,  is  readily  produced 
by  the  action  of  dehydrating  agents  (Rizza, 
Chem.  Zentr.  1887,  1257  ; Hjelt,  Ber.  1895,  28, 
3087  ; Lomidse,  Chem.  Zeit.  Repert,  1903,  27, 
284). 

Patchouli  camphor,  patchouli  alcohol 
C16II26O,  crystallises  out  from  patchouli  oil,  the 
product  of  Pogostemon  Patchouli  (Pell.),  in.p. 
56°,  [oc]^— 97’7°  (in  chloroform).  It  readily  loses 

the  elements  of  water  forming  patchoulene 
C45H24  (Montgolfier,  Compt.  rend.  1877,  84,  88  ; 
Wallach,  Annalen,  1894,  279,  394  ; Schimmels, 
Rep.  1905,  i.  62). 

EudesmolC^^^^O^iB  a constituent  of  the  oils 
of  various  species  of  Eucalyptus,  but  especially 
of  E.  macrorhyncha  {F . v.  M.)  (Baker  and  Smith, 
J.  Linn.  Soc.  N.S.W.  1899,  33,  86).  M.p.  84°, 
[“Jj)  31 '3°  (in  chloroform)  (Semmler  and  Tobias,* 

Ber.  1913,  46,  2026  ; Semmler  and  Risse,  ibid. 
2303). 

Thyme  and  allied  camphors.  Thymol  0x011140, 
Zsopropyl  w-cresol. 

Thymol  is  a constituent  of  the  volatile  oils 
of  Ajowan,  Carum  copticum  (Benth.)  (Haines, 
Chem.  Soc.  Trans.  1856,  8,  289  ; Stenhouse, 
Annalen,  1855,  93,  269  ; ibid.  1856,  98,  309  ; 
Muller,  Ber.  1869,  2,  130)  ; Thyme,  Thyinus 
vulgaris  (Linn.)  (Doveri,  Annalen,  1848,  64,  374; 
Lallemand,  ibid.  1857,  102,  119)  ; Wild  Thyme, 
T.  Serpyllum  (Linn.)  (Jahns,  Ber.  1882,  15,  819, 
Ocimum  viride  (Willd.)  (Goulding  and  Pelly, 
Proc.  Chem.  Soc.  1908,  24,  63) ; Horsemint, 
Monarda  punctata  (Linn.)  (Arppe,  Annalen, 
1846,  58,  41)  ; Satureia  Thymbra  (Linn.) 

(Schimmels,  Rep.  1889,  ii. 55)  ; Origanum hirtum, 
(Link.)  (Holmes  and  Umney,  Perf.  and  Essent. 
Oil  Rec.,  1913,  4,  73).  On  the  manufacturing 
scale  it  is  prepared  from  Ajowan  and  Horsemint 
Oils  {cf.  Holmes,  Perf.  and  Essent,  Oil  Rec.,  1916, 
7,  311 ; also  U.S.  Dept.  Agric.  Bull.  372, 1916),  by 
extraction  with  caustic  soda  solution,  when  the 
thymol  forms  a water  soluble  sodium  salt,  and  is 
thus  separated  from  the  hydrocarbons.  The 
alkaline  solution  is  acidified  with  hydrochloric 
acid,  which  precipitates  the  crude  camphor.  It 
may  then  be  purified  by  crystallisation  from 
glacial  acetic  acid  or  alcohol.  Another  plan  is 
to  submit  the  oil  to  fraf’tional  distillation  and  to 
freeze  out  the  thymol  from  the  heavier  portions 
of  the  distillate.  A possible  source  for  syn- 


thetic thymol  is  cyniene  (U.S.  Pat.  1306512, 
1919). 

Thymol  has  the  odour  of  thyme  and  a warm 
pungent  taste;  m.p.  50*5°-5U5°;  b.p.  232°  at 
752  mm.  It  is  sparingly  soluble  in  water 
(1  : 1200)  and  glycerine  (1  : 1000),  but  readily  in 
the  usual  organic  solvents  and  alkaline  solutions. 
It  forms  a liquid  with  menthol  (Kyle,  Amer.  J. 
Pharm.  1885,  429) ; camphor  (Symes,  Pharm.  J, 
1879,  [3]  9,  598)  ; berberine  (Lloyd,  New 
Remedies,  1881,  195)  ; but  not  with  chloral 
hydrate  (Symes,  cf.  Mazzara,  Gazz.  chim.  ital. 
1883,  13,  272).  If  a solution  containing  thymol 
be  warmed  with  half  its  volume  of  glacial  acetic 
acid,  together  with  more  than  its  volume  of 
sulphuric  acid,  a deep  red-violet  colour  is 
developed.  This  reaction  is  obtained  even  in 
very  dilute  solutions.  For  the  further  identifica- 
tion of  thymol  use  is  made  of  the  phenyl  car- 
bamate CioHjgOCONHPh,  m.p.  107°  (McKenzie 
and  Semmler,  Ber.  1906,  39,  1158),  and  nitro- 
sothymol  CioHi30(NO),  m.p.  160°-162°  (Schiff, 
Ber.  1875,  8,  1500).  The  methyl  ether  of  thymol 
CioHigOMe  occurs  naturally  in  the  essential 
oil  of  sea-samphire,  Crithmum  maritinum  (Linn.) 
(Delepine  and  Belsunce,  Bull.  Soc.  Chim.  1918 
[iv.]  23,  24). 

For  estimation  of  thymol  in  essential  oils, 
Kremers  and  Schreiner  (Chem.  Zentr.  1897,  ii. 
147,  cf.  Messinger  and  Vortmann,  Ber.  1890,  23, 
2753)  recommend  the  following  process : A 
known  weight  of  the  sample  is  mixed  with  an 
equal  volume  of  light  petroleum  in  a stoppered 
burette,  and  agitated  with  5 p.c.  aqueous  caustic 
soda  till  no  further  diminution  of  the  oily  layer 
takes  place,  and  a drop  of  the  oil  dissolved  in 
20  drops  of  chloroform,  on  gently  warming 
with  a small  piece  of  sodium  hydroxide,  does  not 
turn  red.  The  decrease  in  volume  is  observed 
or  the  alkaline  liquor  can  be  titrated  with  iodine, 
but  it  appears  the  results  obtained  by  titration 
are  about  3 p.c.  lower.  (For  iodometric 
estimation,  see  also  Messinger  (J.  pr.  Chem.  1900, 
[2J,  61,  247). 

(For  the  estimation  of  the  purity  of  thymol, 
see  Seidell  (Amer.  Chem.  J.  1912,  47,  508)  ; 
Elion  (J.  Amer.  Chem.  Soc.  1917,  39,  1513)  ; 
Redman,  Weith  and  Brock  (J.  Ind.  Eng.  Chem. 
1913,  5,  831).) 

Thymol  is  extensively  used  in  medicine  on 
account  of  its  strong  antiseptic  properties.  In 
its  general  behaviour  it  resembles  carbolic  acid. 
It  has  also  been  used  internally  as  a vermicide. 
Of  its  derivatives  a great  number  have  been 
tried  in  medicine,  but  only  three  have  been  used 
to  any  extent : Thymol  iodide  (Messinger  and 
Vortmann,  Ber.  1890,  23,  2754  ; Carswell, 
Chem.  News,  1893,  68,  181  ; D.R.P.  49739, 
1889)  obtained  by  condensation  of  two  molecules 
and  the  introduction  of  two  atoms  of  iodine  is 
used  as  a substitute  for  iodoform  ; thymoform 
[C10H13OJ2CH2  (D.  R.  P.  99610,  1898)  used  as  an 
antiseptic  dusting  powder ; thymol  carbonate 
(C4oH430)2CO  (Richter,  J.  pr.  Chem.  1883,  [2] 
27,  505)  is  used  as  an  anthelminthic. 

Camphors  isomeric  or  homologous  with  thyme 
camphor.  Carvone,  formerly  carvol  C10H44O, 
b.p.  230°,  is  a liquid  isomeride  contained  in  the 
following  volatile  oils  : Caraway  seed,  Carum 
carvi  (Linn.)  (Wallach,  Annalen,  1893,  277,  107), 
and  Dill-fruit  Anethum  graveoleyis  (Linn.) 
(Gladstone,  Chem.  Soc.  Trans.  1872,  25,  1),  both 


10 


CAMPHOR. 


containing  50  to  60  p.c.  d-carvone,  whilst  \-carvone 
is  contained  in  the  volatile  oils  of  Spearmint, 
Mentha  viridis  (Linn.)  (Gladstone,  ibid. 
Fliickiger,  Ber.  1876,  9,  473) ; Kuromoji, 
Lind, era  sericea  (Bl.)  (Kwasnik,  Arch.  Pharm. 
1892,  230,  265).  i-Garvone  has  been  found  in 
Ginger-grass  oil,  Cymbopogon  Martini  (Stapf.) 
(var.)  Sofia  (Walbaum  and  Hiithig,  Schimmels, 
Rep.  1905,  i.  34).  For  the  isolation  of  carvone, 
its  power  of  combining  with  sulphuretted 
hydrogen  to  form  a crystalline  hydrosulphide 
(CioHi40)2H2S,  ni.p.  210°-211°,  is  employed 
(Fliickiger,  Ber,  1875,  9,  468  ; Wallach,  Annalen, 
1899,  305,  224)  ; but  a simpler  process  is  to  form 
the  water  soluble  compound  with  neutral  sodium 
bisulphite  (c/.  Sadtler,  J.  Soc.  Chem.  Ind.  1904, 
23,  303).  On  reduction  carvone  yields  dihydro- 
carveol  CioHigO,  a constituent  of  Caraway  Oil 
(Schimmels,  Rep.  1905,  i.  50). 

Carvacrol,  cymophenol  CioHi40,  /sopropyl 
o-cresol  is  a thick  oil,  solidifying  at  0°,  b.p. 
236°-237°,  closely  related  to  thymol.  It  is 
formed  by  distilling  carvone  in  presence  of 
sulphuric  acid,  phosphorio  acid,  or  caustic  potash, 
and  occurs  mainly  in  various  thyme,  origanum 
and  monarda  oils.  It  may  also  be  obtained  by 
chemical  means  from  Spruce  Turpentine  (U.S. 
Pat.  1265800,  1918 ; cf.  also  J.  Ind.  Eng. 
Chem.  1918,  10,  982).  For  its  identification  the 
phenylcarbamate  CioHigOCO-NHPh,  m.p.  140° 
(Gildemeister,  Arch.  Pharm.  1895,  233,  188)  and 
its  nitroso-derivative  C4oHi30(NO),  m.p.  153° 
(Klages,  Ber.  1899,  32,  1518),  are  especially 
suitable. 

Irone  C13H20O  is  a constituent  of  oil  of  orris, 
the  product  of  distillation  of  Iris  germanica 
(Linn.),  I.  pallida  (Lam.),  and  /.  fiorentina 
(Linn.)  (Tiemann  and  Kruger,  Ber.  1893,  26, 
2675).  In  the  diluted  state  it  has  an  odour  of 
violets.  B.p.  111°-112°  at  2 mm.,  144°  at 
16  mm.  It  has  been  synthesized  from  acetone 
and  A4-cyclocitral  (Merling  and  Welde,  Annalen, 
1909,  366,  119),  see  Perfumes. 

Santalol  C45H24O  is  a liquid  camphor  ob- 
tained from  the  volatile  oil  of  sandalwood, 
Santalum  album  (Linn,).  The  commercial  pro- 
duct known  under  various  trade  names  is  pre- 
pared by  steam  distillation  of  the  finely  divided 
sandalwood.  The  bulk  of  the  world’s  supply 
comes  from  Mysore,  where  it  was  being  distilled 
locally  (Perf,  and  Essent.  Oil  Rec.  1917,  8, 
359).  The  physiological  action  of  the  oil  is 
attributed  to  its  alcoholic  constituent,  santa- 
lol, which  is  present  to  the  extent  of  about 
90  p.c.,  and  has  been  separated  into  a-santalol^  a 
thick  colourless  liquid  with  a faint  odour  of 
sandalwood,  b.p.  301°-302°,  [a]^+l°  13',  and 

fi-santalol,  b.p.  158°  at  5 mm.,  [a]^— 41°47'(von 

Soden,  Arch.  Pharm.  1900,  238,  353,  Schimmels, 
Rep.  1910,  ii.  107). 

The  oxygen  content  of  the  foregoing  cam- 
phors is  one  atom.  The  following  contain  two 
atoms  of  oxygen  : Diosphenol,  Buchu  camphor 
^ioHi602»  R crystalline  separation  from  oil  of 
Buchu  leaves,  Barosma  betulina  (Barth), 
B.  crenulata  (Hook,),  B,  serratifolia  (Willd.) 
(Fliickiger,  Pharm.  J.  1880,  [3]  11,  174,  219),  is 
closely  related  to  thymol  and  carvacrol,  into 
which  it  passes  quantitatively  by  the  action  of 
concentrated  hydrochloric  acid  at  150°-180°. 
M.p.  83°-84°,  b.p.  109°-110°  at  10  mm.  It  is 


characterised  by  its  reduction  of  ammoniacal 
silver  solution  and  Fehling’s  solution  (Semmler 
and  McKenzie,  Ber,  1906,  39,  1158  ; Konda- 
koli  and  Bachtscheef,  J.  pr.  Chem.  1901,  [2] 
63,  61). 

Inula  or  Alant  camphor,  alantolactone 
C15H20O2  is  the  chief  constituent  of  oil  of 
Elecampane,  Inula  Helenium  (Linn.)  (Kallen, 
Dissert.  Rostock,  1895).  M.p.  76°,  b.p.  275°, 
with  partial  decomposition  (Bredt,  and  Posth, 
Annalen,  1895,  285,  349).  It  dissolves  in 
alkalis  with  formation  of  the  corresponding 
hydroxy  acid,  which  melts  at  94°.  The  lactone 
has  been  used  in  medicin^  under  the  name 
‘ helenin,’  as  an  antiseptic  for  internal  use.  {See 
also  Sprinz,  Arch.  Pharm.  1901,  239,  201.) 

H.  K. 

CAMPHORAL.  Trade  name  for  the  cam- 
phoric acid  ester  of  santalol. 

CAMPHOSAN.  A solution  of  camphoric  acid 
methyl  ester  in  santalol. 

CAMWOOD.  Camwood  or  ‘ canibe  wood,’ 
stated  to  be  derived  from  a variety  of  Baphia 
nitida  {cf.  barwood),  is  very  similar  in  general 
properties  to  the  other  ‘ insoluble  red  ’ dye- 
woods.  It  is,  however,  more  expensive,  yields 
deeper  shades  on  dyeing,  and  its  colouring 
matter  is  said  to  be  more  soluble  than  that 
present  in  the  other  woods. 

It  has  been  examined  by  O’Neill  and  Perkin 
(Chem.  Soc.  Trans.  1918, 113,  126),  who  employed 
for  this  purpose  similar  methods  to  those  found 
serviceable  with  sanderswood  {l.c.). 

Iso-santalin,  the  main  colouring  matter, 
forms  a chocolate-coloured  powder,  which  on 
grinding  becomes  redder  in  appearance,  and  is 
readily  soluble  in  boiling  methylated  spirit. 
When  heated,  it  shows  no  sign  of  melting, 
darkens  at  280°,  and  is  fully  decomposed  at 
290°-300°,  being  then  a carbonaceous  powder. 
It  possesses  the  formula  C22Hi606(OCH3)2, 
gives  with  alcoholic  potassium  acetate  the  salt 
C96H33O32K  or  C72H66O24K,  shows  evidence  of 
the  formation  of  soluble  oxonium  salts,  and  in 
general  properties  closely  resembles  its  isomer 
santalin.  The  colour  reactions  and  also  the 
dyeing  properties  of  the  two  compounds  indicate, 
however,  that  they  are  distinct  substances  : — 


Santalin. 

Alcoholic  hydro- 

bromic  acid  . Crimson. 

Dilute  sodium 

hydroxide  . . Dull  red. 

Alcoholic  ferric 

chloride  . . Violet. 


Iso-santalin. 
Reddish-violet 
Dull  violet. 
Bluish-violet. 


For  dyeing  the  colouring  matter  in  alcoholic 
solution  was  added  to  the  water  in  the  dye- bath 
and  the  dyeings  were  carried  out  (a)  employing 
wool  alone,  {b)  employing  wool  alone  and  subse- 
quently saddening  with  bichrome,  (c)  employing 
wool  mordanted  with  bichrome  and  cream  of 
tartar,  and  {d)  employing  wool  mordanted  with 
bichrome  and  sulphuric  acid. 


Santalin 


Santalm 


{a) 

Pale  dull 
red. 

(c) 

Pale  reddish- 
pink. 


(b) 

Dull  reddish- 
brown. 

{d) 

Pale  red- 
pink. 
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Iso-santalin 


Iso-santalin 


{a) 

Pale  violet- 
red. 


(&) 


Dull  violet- 
maroon. 


(0) 


Violet-red. 


id) 

Violet-red 
weaker  than  (c). 


Acetyl-iso-santalin  C24Hi80s(C2H30)4,  con- 
sists of  a deep  salmon-coloured  powder,  and  does 
not  possess  a definite  melting-point,  being 
gradually  decomposed  without  fusion  between 
250°-280°.  A molecular  weight  determination 
employing  naphthalene  gave  the  high  figure 
2344,  a result  very  similar  to  that  given  in  these 
circumstances  by  acetyl- santalin  itself,  and 
which  may  possibly  be  due  to  the  production  of  a 
colloidal  solution. 

Deoxy -iso-santalin  C24H, 802(00143)2,  corre- 
sponding to  the  deoxy  santalin  of  sanderswood, 
is  a scarlet  amorphous  powder  which  has  not 
yet  been  obtained  in  a definitely  crystalline 
condition.  When  heated,  it  did  not  show  a 
distinct  melting-point,  but  decomposed  at  160°- 
165°  with  evolution  of  gas.  A solution  of  this 
substance  in  absolute  alcohol  gives  no  immediate 
precipitate  with  potassium  acetate,  as  happens 
in  the  case  of  iso-santalin,  and  only  when  excess 
of  the  reagent  is  employed  is  a gelatinous  deposit 
formed. 

A comparison  of  the  colour  reactions  and 
dyeing  properties  of  deoxy-iso-santalin  (a)  and 
deoxy- santalin  (6)  is  given  in  the  following 
table  : — ■ 

(a)  (b) 

Alcoholic  solu- 
tion . . Orange.  Orange- brown. 

Alcoholic  hy- 
drobromic 

acid  . . Bright  crimson.  Scarlet. 

Dilute  sodium 

hydroxide  . Crimson-scarlet.  Scarlet. 
Alcoholic  ferric 

chloride  . Violet.  Maroon. 


The  dyeing  experiments  were  carried  out  by 
the  same  methods  as  those  described  above. 


Deoxy-iso- 

santalin 

Deoxy-iso- 

santalin 

Deoxy-santalin 


Deoxy-santalin 


(a) 

Pale  red- 
violet. 

(c) 

Dull  red- 
violet. 

(a) 

Bed. 

(c) 

Dull 

crimson 


(b) 

Red  puce. 

id) 

Pale  dull 
red- violet. 

(h) 

Dull  bluish - 
red. 

id) 

Red. 


Acetyl- deoxy -iso-santalin  C24H2  007(021130)4, 
when  heated,  fused  and  decomposed  at  170°- 175°. 
It  consists  of  an  almost  colourless  powder 
differing  considerably  in  appearance  from 
acetyl-iso-santalin.  A molecular  weight  de- 
termination, employing  naphthalene  as  solvent, 
gave  the  figure  1324,  which  is  approximately 
half  that  found  in  the  same  circumstances  for 
acetyl-iso-santalin. 

By  exhaustion  with  alcohol  the  sample  of 
camwood  employed  by  these  authors  gave  16  p.c. 
of  extract. 


Camwood  does  not  appear  to  contain  either 
ptero-carpin  or  homoptero-carpin.  A.  G.  P. 
CANADA  BALSAM  v.  Balsams  ; and  Oleo- 

EESINS. 

CANADA  PITCH  or  HEMLOCK  SPRUCE 
RESIN  V.  Resins. 

CANADINE,  A member  of  the  isoquinoline 
group  of  alkaloids,  occurring  together  with 
hydrastine  and  berberine  in  Hydrastis  Cana- 
densis. See  under  Hydeastine. 

CANADIUM.  A term  formerly  applied  to  a 
supposed  new  element ; now  used  to  denote  an 
alloy  of  1 part  palladium,  2 parts  of  platinum, 
and  6 parts  of  nickel,  used  as  a substitute  for 
platinum!  It  has  similar  resisting  powers,  and 
melts  at  about  1570°.  Its  cost  is  about  half  that 
of  platinum  (Heath,  Met.  and  Chem.  Eng.  1917, 
17,  666). 

CANADOL.  Petroleum  ether  or  ligroin. 
That  portion  of  refined  petroleum  which  boils 
at  about  60°  and  has  sp.gr.  of  0’65  to  0’70 ; 
consists  mainly  of  normal  hexane  {v.  Paeaefin  ; 
and  Peteoleum). 

CANANGA  OIL  v.  Oils,  Essential. 

CANARIN.  A yellow  colouring  matter  ob- 
tained by  the  action  of  bromine  or  a mixture  of 
potassium  chlorate  and  hydrochloric  acid  or 
ammonium  persulphate  upon  potassium  or 
ammonium  thiocyanate ; it  probably  consists 
of  C8H6ON8S7  (Goldberg,  J.  pr.  Chem.  1901,  ii, 
63,  465  ; 64,  439  ; cf.  H.  Schmid,  Dingl.  poly.  J. 
251,  41).  (For  details  of  mode  of  preparation, 
V.  ibid.  253,  130  ; also  J.  Soc.  Chem.  Ind.  3, 
476).  Cloth  dyed  with  canarin  resists  light  and 
soap.  Neither  concentrated  acids  nor  alkalis 
destroy  it  or  dissolve  it  out  of  the  fibre.  Bleach- 
ing powder  has  no  action  upon  it.  Acts  as  a 
mordant  for  basic  aniline  dyes. 

CANDELILLA  WAX.  Candelilla  wax 
occurs  as  a deposit  on  the  surface  of  the  can- 
delilla plant  (probably  Eii'phorbia  antisyphilitica), 
which  grows  wild  in  Mexico  and  Texas.  Origin- 
ally the  wax  was  separated  by  boiling  the  parts 
of  the  plant  with  water,  but  of  recent  years  a 
method  of  extraction  with  chloroform  has  been 
introduced,  some  of  the  works  being  capable  of 
dealing  with  5 tons  a day.  From  2 '5  to  6 p.c. 
of  crude  wax  is  obtained,  and  is  purified  by 
straining  and  melting  in  water  containing  0'5  to 
1 p.c.  of  sulphuric  acid.  The  crude  grey  product 
contains  up  to  6 '5  p.c.  of  water,  3 to  15  p.c.  of 
dirt,  and  0‘5  to  1*5  p.c.  of  mineral  matter.  The 
purer  red  or  brown  variety  is  probably  obtained 
by  the  extraction  method  (Berg,  Chem.  Zeit. 
1914,  38,  1162). 

Several  methods  of  extraction  have  been 
patented.  In  Sharp’s  process  (U.S.  Pat. 
1018589,  1912)  the  wax  plant  is  boiled  with 
petroleum  spirit  in  the  presence  of  fuller’s 
earth,  the  extract  clarified,  and  the  solvent 
evaporated.  In  Watson’s  patent  the  plants 
are  heated  to  149°,  and  subjected  to  the  action 
of  a downward  current  of  steam  (U.S.  Pats. 
1042992,  1912,  and  1058648,  1913).  A special 
form  of  extractor  devised  by  Thatcher  (U.S.  Pat, 
1056378,  1913)  comprises  a digesting  compart- 
ment, reservoir  for  the  solvent,  and  vaporisers 
to  evaporate  the  solvent. 

The  crude  greenish-grey  wax  melts  at 
67°-68°,  and  has  sp.gr.  at  15°,  0*9825-0*9850  ; 
acid  value  12'4-14’39 ; saponification  value, 
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46’l-64'9 ; iodine  value,  16’6-36‘8 ; un- 
saponifiable  matter,  77-91*2  p.c.,  largely  con- 
sisting of  hydrocarbons.  The  constituents 
identified  include  hentriacontane,  dotriocontane 
(m.p.  71°),  myricyl  alcohol,  two  cholesterols,  an 
oxylactone  (m.p.  88°),  and  resinous  constituents 
giving  the  Liebermann-Storch  reaction  (Traps 
and  Rather,  J.  Ind.  Eng.  Chem.  1910,  2,  454  ; 
Hare  and  Bjerregaard,  ibid.  1910,  2,  203  ; 
Sanders,  Chem.  Soc.  Proc.  1911,  250  ; Meyer  and 
Soyka,  Monatsh.  Chem,  1913,  34, 1159;  Berg. kc.). 

A difficulty  attending  the  use  of  the  pure 
brown  or  red  wax,  is  that  it  can  only  be  bleached 
after  the  addition  of  a considerable  quantity  of 
paraffin  wax,  and  is  therefore  only  suitable  for 
the  manufacture  of  inferior  kinds  of  varnish, 
for  insulating  telephone  wires,  and  especially 
for  boot  polishes,  for  which  its  low  m.p.  is  an 
advantage.  For  other  purposes,  such  as  candle- 
making, it  is  inferior  to  carnauba  wax  (m.p. 
83-91°)  (v.  Waxes).  C.  A.  M. 

CANDLES.  Candles  represent,  some  of  the 
most  ancient  and  most  useful  forms  of  illumi- 
nants.  The  excellence  of  a candle  depends  on 
the  nature  of  the  wick  and  of  the  combustible 
matter,  and  on  the  manner  and  extent  in  which 
these  are  apportioned.  The  prototype  of  the 
candle  was  undoubtedly  the  torch,  which  must 
be  regarded  as  a huge  wick  with  the  minimum 
amount  of  combustible  matter,  this  proportion 
being  gradually  altered  until  the  ratio  used  at 
present,  viz.  about  1 part  wick  to  50  parts  of 
combustible  matter,  is  reached. 

The  following  table  shows  the  stages  in  the  develop- 
ment of  candles. 

Torch.  Pine  branches  or  slips  (Lat.  tceda), 
saturated,  naturally  or  artificially,  with 
resinous  or  fatty  matter. 

Link.  Rope-strands  steeped  in  rosin,  tar,  or 
pitch ; in  olden  times,  doubtless,  in 
asphalt  or  bitumen. 

Flambeau.  A core  of  hemp,  soaked  in  rosin 
and  coated  with  crude  beeswax.  Later, 
the  outer  coat  was  made  of  bleached  wax. 

Dips.  Wicks  of  rush-pith  (rush-lights),  crude 
flax  or  cotton,  and  subsequently  of  twisted 
cotton  yarn,  coated  with  beeswax  or  tallow 
by  repeated  dippings. 

Moulds.  (Introduced  about  the  15th  century 
by  the  Sieur  de  Brez.)  Hard  tallow,  sper- 
maceti, stearine,  or  paraffin  wax,  cast 
round  the  wick  in  a mould. 

In  addition  to  these  varieties  may  be  men- 
tioned rolled,  poured,  and  drawn  candles. 

Dips,  the  cheapest,  as  well  as  the  oldest  form 
of  candle,  were  made  until  comparatively  lately 
of  tallow  or  household  grease.  Beeswax  candles 
were  usually  poured,  drawn,  or  rolled.  The 
great  advantage  of  the  ‘ dip  ’ lies  in  the  ease 
with  which  it  can  be  made.  The  thrifty  house- 
keeper was  wont  to  set  aside  the  superfluous 
Idtchen  fat  for  melting  day,  when  part  went  to 
make  soap,  whilst  the  harder  portions  were 
formed  into  candles.  The  fat  was  thrown  into 
boiling  water  and  boiled  three  or  four  times  with 
a little  salt  to  ‘ render  ’ it.  The  dirt  and  im- 
purities being  removed  by  subsidence,  the  clean 
liquid  fat  was  run  through  a strainer  into  the 
candle  pan.  Some  skill  and  experience  were 
requiied  to  regulate  the  temperature  of  the 
melted  fat.  If  too  hot,  the  liquid  fat  would  run 


off  the  wicks  ; if  too  cold,  the  material  would 
congeal  too  quickly  and  adhere  to  the  wicks 
irregularly  and  in  lumps.  In  households  these 
would  be  rushes,  divested  of  their  peel  with  the 
exception  of  a thin  strip  which  was  left  to  give 
strength  to  the  pith.  These  were  usually  tied 
in  bunches  of  four,  so  that  one  wick  could  be 
held  between  each  pair  of  fingers,  and  thus  be 
immersed  in  the  liquid  fat.  A short  time  was 
allowed  for  each  dipping  to  cool  the  last  coat. 
Four  dippings  mostly  sufficed,  when  the  finished 
candles  were  hung  up  in  an  airy  loft  to  harden 
and  whiten. 

In  dips  as  manufactured  on  a large  scale,  the 
wicks  are  of  twisted  cotton,  and  are  strung  on 
rods,  each  rod  holding  eight.  The  workman, 
holding  an  end  of  the  rod  in  either  hand,  first 
immerses  the  wicks  in  very  hot  tallow,  in  order 
that  their  fibres  may  be  thoroughly  saturated, 
and  then,  as  each  rod  is  ready,  it  is  slid  on  to  a 
cross  frame  to  cool ; the  wicks  are  then  re- 
dipped in  tallow  at  a temperature  little  above 
its  solidifying  point,  till  the  desired  weight  is 
obtained.  As  a rule  four  ‘ dippings  ’ are  required. 

Many  devices  exist  for  reducing  labour  and 
ensuring  uniformity  of  result  in  manufacturing 
dips.  Of  these  contrivances,  the  ‘ Edinburgh 
wheel  ’ is  the  best  known.  It  consists  of  a long 
pole,  pivoted  vertically,  and  having  mortises 
cut  about  its  centre  through  which  pass  long 
wooden  bars,  each  pivoted  at  its  centre  on  an 
iron  pin.  These  bars  carry  frames  at  their  ex- 
tremities, each  of  which,  in  its  turn,  holds  about 
eight  wick-rods.  The  post  revolves,  and  as 
each  bar  with  its  frame  passes  over  the  melting 
pan,  it  is  pulled  down,  so  as  to  immerse  the 
wicks.  The  opposite  frame  restores  equili- 
brium, and  the  rotating  and  dipping  are  con- 
tinued until  the  proper  weight  is  obtained, 
which  is  signalled  by  some  contrivance  on  the 
post,  itself  the  object  of  much  inventive  in- 
genuity. The  most  perfect  apparatus  of  this 
kind  was  patented  by  Price’s  Candle  Company 
and  worked  at  the  Inventions  Exhibition  in 
London  in  1885. 

Rolled,  poured,  and  drawn  candles.  Rolled 
candles  are  now  almost  obsolete.  Formerly,  the 
larger  sizes  of  church  candles  were  made  by 
‘ rolling  ’ a cake  of  warm  wax,  kneaded  until  it 
was  plastic,  round  a wick,  and  imparting  the 
necessary  smoothness  and  uniformity  by  means 
of  a rolling-pin.  This  process  has  now  been 
entirely  superseded  by  that  of  ‘ pouring.’ 
‘ Drawing  ’ is  resorted  to  only  in  the  case  of 
‘ cables  ’ of  small  sizes,  and  tapers. 

In  pouring,  an  apparatus  similar  to  that  used 
in  dipping  is  employed,  but  instead  of  the 
wicks  being  dipped,  the  melted  beeswax  is 
poured  over  them  while  the  frame  is  kept  in 
rotation  (Fig.  1).  In  the  larger  sizes,  the  wicks 
have  to  be  reversed  from  time  to  time  to  ensure 
a uniform  thickness.  The  workman  ascertains 
the  correct  dimensions  by  measuring  with  a 
piece  of  tape.  After  every  two  or  three  pourings, 
according  to  the  weather,  the  hoo])S  are  hung  in 
a current  of  air  to  cool.  When  the  candles  are 
of  the  requisite  thickness,  they  are  severed  from 
the  frame  and  placed  on  a smooth  marble  slab. 
The  operator  then  rolls  them  to  and  fro  under  a 
board,  on  which  he  leans  with  his  full  weight. 
By  this  process,  which  requires  much  skill  and 
practice,  the  irregularities  are  smoothed  away. 
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and  the  candles,  in  the  hands  of  a skilful  work- 
man, assume  the  evenness  of  outline  of  moulded 
candles,  with  a peculiar  softness,  indescribable, 
unmistakable  when  once  identified. 

The  ends  of  the  candles 
are  now  cut  clean  with 
a sharj)  knife,  and  their 
tips  shaped  with  the 
finger  and  a small  strip 
of  wood. 

Obviously  this  j)ro- 
cess,  which  involves 


Fig.  1. 


much  skilled  labour,  must  render  beeswax  candles 
very  expensive.  They  are,  indeed,  the  most  costly 
form  of  illuminant.  Their  use  is  confined  to 
churches  and,  to  a small  extent,  to  carriage 
lamps,  in  which  formerly  no  other  candle  could 
be  employed,  by  reason  of  the  strong  spring, 
although  now  several  efficient  substitutes  exist 
and  are  in  use. 

To  understand  the  favour  which  beeswax 
continued  to  enjoy  long  after  the  introduction  of 
stearine  and  paraffin  wax  candles,  which  are  not 
only  much  cheaper,  but  give  a better  light,  we 
must  take  several  circumstances  into  account. 
The  first  and,  doubtless,  the  most  cogent  fact 
lies  in  the  sharp  contrast  which  formerly  ob- 
tained between  beeswax  and  tallow,  a contrast 
which  finds  mention  in  many  a tale  of  social  life, 
even  as  far  back  as  the  times  of  Haroun  Alras- 
chid.  The  candle  at  one  period  was  absolutely 
the  only  means  of  illumination  available,  and 
formed  a very  considerable  item  in  the  household 
expenses.  As  only  the  rich  could  afford  this 
luxury,  the  beeswax  candle  became  intimately 
associated  with  the  other  signs  of  wealth,  as 
essential,  indeed,  as  arms  or  silver  plate.  The 
introduction  of  spermaceti,  in  the  middle  of  the 
1 8th  century,  greatly  affected  the  use  of  beeswax, 
and  this  was  quickly  followed  by  the  adoption  of 
gas  in  houses.  Within  the  last  decades,  the 
electric  light  has  replaced  both  beeswax  and 
spermaceti  candles  in  houses  where  for  centuries 
no  other  light  was  known. 

To  adapt  the  beeswax  as  it  comes  from  the 
hive  to  the  requirements  of  the  chandler,  but 
little  is  needed  beyond  the  ordinary  cleansing 
processes.  The  clean  beeswax  is  run  from  the 
‘ copper  ’ over  a rapidly  rotating  drum  into  cold 
water,  by  which  means  it  becomes  divided  into 
fine  shavings.  These  are  exposed  to  the  in- 
fluences of  sun  and  air  for  several  weeks,  with 
occasional  re-meltings  and  pourings,  after  which 
the  now  cream-white  wax  is  ready  for  use. 

Drawn  candles  are  made  by  drawing  a con- 
siderable length  of  wick  through  a pan  of  bees- 
wax (Fig.  2), 'maintained  at  a regulated  tempera- 
ture by  (fire  or)  steam.  The  wick  is  wound  from 
one  drum  on  to  another.  As  it  leaves  the  pan, 
it  traverses  a plate  perforated  with  holes  in- 


creasing from  one  sixteenth  of  an  inch  to  half  an 
inch  in  diameter,  whereby  the  superfluous  wax 
is  stripped  off,  the  coated  wick  as  it  emerges 
being  of  the  diameter  of  the  hole.  When  the 
wick  is  all  wound  off,  the  drums  are  reversed, 
the  end  of  the  coated  cotton  passed  through  the 


Fig.  2. 


hole  next  in  size,  and  the  operation  continued 
till  the  requisite  thickness  is  obtained.  This  is 
seldom  over  half  an  inch,  as  the  risk  of  cracking 
increases  considerably  with  the  diameter  of  the 
cable.  In  fact,  this  process  is  resorted  to  mainly 
for  manufacturing  ‘ spills  ’ or  lighting -wicks  and 
the  little  tapers  used  for  decorating  Christmas- 
trees,  but  here  also  stearine  in  the  former  and 
paraffin  wax  in  the  latter  have  gradually  dis- 
placed beeswax. 

Mould  Candles. — The  chief  variety  of  candles 
now  made  are  mould  candles.  In  order  to 
ensure  the  proper  burning  of  a candle,  great 
attention  must  be  bestowed  upon  the  prepara- 
tion of  the  wick,  which  is  to  the  candle  what  the 
burner  is  to  the  gas.  Till  about  1820  the  only 
wicks  used  were  made  of  twisted  cotton  yarn, 
still  to  be  seen  in  tallow  dips.  No  means  for 
consuming  the  wick  being  employed,  snuffers 
had  to  be  used  to  remove  the  charred  and  glow- 
ing end.  Several  expedients  were  devised  to 
bring  the  wick  automatically  into  contact  with 
the  air,  and  thus  cause  it  to  be  consumed  as  the 
candle  burnt.  The  best  of  these  consisted  in 
twisting  the  wick  round  a rod,  and  while  in  a 
state  of  tension,  coating  one  side  with  size  or 
other  stiffening.  This  imparted  a tendency  to 
turn  outwards  and  curl  over,  which  to  a great 
extent  obviated  the  use  of  snuffers.  Palmer,  in 
1852,  invented  a simple  means  for  achieving  the 
same  result  more  thoroughly  by  introducing  a 
fine  thread  coated  with  metallic  bismuth  into  the 
substance  of  the  wick,  which  thread  he  called 
the  ‘ doctor.’  When  ignited,  the  easily  fusible 
metal  formed  a globule  on  the  end  of  the  cotton, 
which  by  its  weight  bent  the  wick  out  of  the 
flame  into  the  air,  when  the  oxygen  could  com- 
bine with  the  incandescent  carbon,  whilst  the 
bismuth  was  volatilised.  So  successful  was  this 
device,  that  Palmer’s  ‘ metallic  wick  ’ candles 
achieved  great  popularity,  especially  for  burning 
in  candle  lamps,  for  which  large  candles,  some- 
times weighing  two  pounds,  were  employed. 
The  same  device  was  again  patented  in  Germany, 
by  Varenkamp,  as  late  as  1899. 

But  the  introduction  of  ‘ braided  ’ or  ‘ plaited’ 
wicks  by  Cambaceres  (in  1825)  rendered  such  pre- 
cautions unnecessary,  the  flat  form  of  the  wick, 
as  now  made,  imparting  a sufficient  tendency  to 
curve  and  bend  outside  the  flame,  where  the 
cotton  can  burn  completely.  Now  all  except 
tallow  dip  candles  are  provided  with  these  cores. 

Before  the  wick  can  be  used  by  the  candle 
maker,  it  has  to  be  ‘ pickled,’  i.e.  soaked  in  a 
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solution  of  certain  chemicals,  which  vary  with 
the  nature  and  purpose  of  the  cotton.  The 
preparation  of  these  solutions  forms  one  of  the 
chief  items  in  the  manufacture  of  a good  candle, 
and  to  carry  it  out  thoroughly  demands  con- 
siderable practical  experience ; for  the  wick 
itself  varies  much  in  its  composition,  especially 
as  regards  the  percentage  of  mineral  matter. 
The  plait,  too,  will  vary  in  tightness,  however 
carefully  woven.  Then  again,  a paraffin  candle 
requires  a thin  wick  to  check  a too-rapid  supply 
of  the  liquid  fuel.  A beeswax  or  sperm  candle, 
on  the  other  hand,  the  melted  material  of  which 
is  less  mobile,  or  has  less  tendency  to  smoke, 
needs  a thicker  wick.  The  nature  of  the  com- 
bustible, its  melting-point,  viscosity,  and  burn- 
ing powers ; the  compounding  of  a suitable 
material  by  mixing  candle  materials  from  several 
sources  ; the  selection  of  a wick  that  in  number 
of  threads,  structure,  and  substance  is  adapted 
to  the  special  material  chosen ; the  subsequent 
treatment  of  this  with  such  salts  as  will  correct 
or  enhance  its  tendencies  ; — these  are  some  of 
the  points  which  must  be  considered  before  pro- 
ceeding with  the  more  mechanical  operations 
involved  in  candle  making. 

The  wicks,  which  arrive  at  the  factory  from 
the  cotton  spinner  in  hanks,  are  placed  two  or 
three  days  before  being  wanted  in  the  appro- 
priate pickling  solution.  The  object  of  ‘ pick- 
ling ’ the  wick  is  to  counteract  either  ‘ ashing  ’ 
or  ‘ smoking,’  two  great  defects  to  which  the 
candle  is  liable.  The  ‘ piclding  ’ retards  the  too 
rapid  combustion  of  the  cotton,  and  vitrifies  it 
slightly,  so  that  when  the  wick  protrudes  from 
the  flame  any  ash  can  drop  off  readily.  In  order 
to  ensure  the  ready  lighting  of  a candle,  it 
has  been  proposed  (Haase,  Fr.  Pat.  342527) 
to  impregnate  the  protruding  end  of  the  wick 
with  a solution  of  celluloid  in  acetone.  Borax, 
nitre,  sal  ammoniac,  potassium  chloride  or 
chlorate,  and  ammonium  phosphate,  are  the 
principal  salts  employed  for  pickling  ; though 
almost  every  manufacturer  has  his  own  recipe. 
The  proportion  of  the  salt  to  water  is  usually 
about  2 oz.  to  1 quart.  The  wicks  are  steeped 
in  the  solution  for  about  24  hours,  after  which 
they  are  placed  on  a perforated  shelf,  to  allow 
the  bulk  of  the  liquid  to  drain  off,  and  then 
transferred  to  a centrifugal  machine  rotating  at 
a speed  of  nearly  1000  revolutions  a minute, 
where  the  residual  water  is  expelled  without  the 
slightest  torsion  or  other  disturbance  in  the 
structure  of  the  threads,  which  would  be  almost 
inevitable  in  any  other  process.  The  hanks, 
still  slightly  damp,  are  placed  in  a cupboard 
heated  by  steam,  and  finally  hung  up  in  an 
airy  room  until  required.  The  amount  of  salt 
remaining  in  the  fibre  must,  of  course,  be  very 
small,  but  it  is  quite  sufficient  to  influence 
materially  the  burning  of  the  candle.  The  wick 
is  next  transferred  to  the  spools,  from  which  it 
passes  to  the  moulding  machine.  This  task  is 
performed  by  boys,  who  wind  the  wick  off  the 
hank  previously  stretched  on  a circular  rotating 
frame,  on  to  ‘ spools  ’ or  bobbins  on  spindles 
(Fig.  3).  As  they  wind,  they  let  the  wick  run 
through  their  fingers,  to  detect  any  knots  or  other 
irregularities,  which  might  interfere  with  the 
burning  of  the  candle.  The  spools  are  now 
ready  for  transport  to  the  machine,  invented  by 
Cahouet  in  1850.  The  old  ‘ hand-frame,’  the 
forerunner  and  prototype  of  the  present  compli- 


cated apparatus,  consists  of  a cluster  of  pewter 
moulds,  introduced  in  1724  by  Freitag,  held 
together  by  wooden  collars  at  either 
end.  Each  mould  is  traversed  longi- 
tudinally by  a wick,  which  is  secured 
by  a peg  at  the  top  and  wire  at  the 
base,  and  it  has  to  be  provided  with  a 


Fig.  3 


little  loop  of  cotton,through  which  a wire  is  passed. 

The  butt  ends  of  the  moulds  open  into  a 
trough  about  1 inch  deep.  Into  this  the  hot 
material  is  poured  until  it  is  quite  filled,  and 
the  whole  frame  is  then  placed  in  a tank  of 
water,  the  temperature  of  which  varies  with  the 
quality  of  candle,  as  will  be  explained  presently. 
When  quite  cold,  the  candles  are  removed 
from  the  pipes  by  simply  inverting  the  frame, 
the  cake  of  superfluous  candle  material  having 
been  previously  scraped  off,  and  the  wires  and 
pegs  withdrawn.  As  the  pipes  are  made  slightly 
conical  and  as  the  substance  shrinks  in  cooling, 
there  is  seldom  any  difficulty  in  emptying  the 
frame ; if  one  or  two  of  the  candles  should 
refuse  to  leave  the  moulds,  a slight  tap  with  a 
mallet  speedily  loosens  them.  This  method  is 
obviously  slow  and  cumbrous,  and  were  it  not 
that  some  buyers  will  have  hand-made  goods, 
also  that  a few  odd  sizes  for  which  it  would 
not  be  worth  while  to  keep  special  machines 
can  only  be  made  in  hand-frames,  these  frames 
would  "have  been  abandoned  long  since.  A 
hand-frame  can  be  filled  and  emptied  once  an 
hour,  whilst  a modern  machine  wHl  do  thrice 
the  amount  of  work  in  the  same  time. 

Fig.  4 represents  a candle  machine  of  modern 
manufacture,  for  making  candles  with  ordinary, 
i.e.  not  self -fitting,  ends.  It  embodies  the  con- 
bined  inventions  and  improvements  made 
successively  by  Sampson  (Eng.  Pat.  2108, 
1796)  ; Binns  (Eng.  Pat.  2488,  1801)  ; Morgan 
(Eng.  Pat.  6610,  1834)  ; Tuck  (Eng.  Pat. 
7409,  1837) ; Palmer  (Eng.  Pat.  12077,  1848) ; 
Cowper  (Eng.  Pat.  1988,  1856)  ; Humiston 
(Eng.  Pat.,  in  the  name  of  Newton,  2541, 
1857)  ; Stainthorp  (Eng.  Pat.,  in  the  name  of 
Pitman,  2556,  1857)  ; Stainthorp  (Eng.  Pat. 
740,  1860).  The  machine  consists  mainly  of 
a metal  tank,  g,  in  which  the  pipes  are  fixed 
with  their  butts  opening  in  a trough  and  their 
tips  emerging  below.  The  tips  are  not  of  one 
piece  with  the  moulds,  but  can  slide  up  and 
down,  fitting  water-tight  when  drawn  home. 
The  motion  is  communicated  by  pistons,  d,  to 
which  the  tips  are  soldered,  and  which  are 
perforated  longitudinally. 

The  wicks  wound  on  the  above-mentioned 
spools,  which  rotate  on  a series  of  spindles  at 
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the  base  of  the  machine,  pass  up  these  per-  i 
forations  n.  The  tank  g,  which  surrounds  the  [ 


Fig,  4. 


pipes,  is  preferably  connected  with  hot  and  cold 
water  cisterns,  or  with  cold  water  and  steam. 
The  moulds  are  made  of  pewter  (an  alloy  of  tin 


and  lead),  other  materials,  such  as  tin,  brass, 
glass,  &c.,  not  having  been  found  suitable  in 
practice.  Porcelain  moulds  have  been  patented 
for  paraffin  candles  (Ger,  Pat.  195702),  but  it  is 
very  unlikely  that  they  will  be  adopted  in  candle 
works,  as  they  are  too  costly ; moreover 
properly  cleaned  pewter  moulds  impart  the 
same  lustre  to  a candle  that  the  porcelain  mould 
gives.  To  begin  the  operation  of  casting,  the 
wicks  are  drawn  through  the  pistons,  tips,  and 
pipes,  and  temporarily  secured  in  the  troughs. 
These,  and  the  moulds  opening  into  them,  are 
now  filled  roughly,  merely  to  afford  a starting- 
point  for  the  wick,  and  emptied  as  soon  as  the 
material  is  cold.  To  effect  this,  the  trough  is 
scraped  clear  with  a ‘ spud  ’ (a  blunt  knife  of 
the  width  of  the  trough),  after  which  the  handle 
E is  slowly  turned.  This  imparts,  by  means 
of  rack-and-pinion  gear,  a vertical  motion  to 
I the  pistons,  which  mount  up  the  pipes,  carrying 
[ the  dummy  candles  with  them,  and  unwinding 
the  wick  from  the  spools.  As  the  candles  emerge 
from  the  pipes,  they  are  received  in  a clamp 
frame  c,  which  is  held  open  by  a spring  handle. 
When  the  tips  are  clear  of  the  trough,  the  clamp 
is  closed,  gripping  the  candles  firmly.  The 
handle  is  now  turned  the  reverse  way,  causing 
the  pistons  to  descend  in  the  moulds  till  the 
tips  close  the  ends  securely.  Thus  the  wicks 


Fig.  6. — Multiple  moulding  machine. 


are  left  in  the  centre  of  the  pipes,  held  by  the 
dummies  above  and  the  spools  below.  The 


most  recent  type  of  this  machine  is  shown  in 
Fig.  5.  The  next  step  depends  on  the  nature  of 
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the  material  used.  If  stearine  candles  are  to  be 
made,  the  tanks  are  charged  with  tepid  water, 
the  temperature  of  which  the  operator  determines 
by  his  hand  in  preference  to  other  methods. 
The  reason  for  this  precaution  depends  upon  the 
highly  crystalline  structure  of  ‘ stearic  ’ acid 
(‘  stearine  ’),  which  renders  it  liable  to  crack  if 
chilled  too  suddenly,  or  to  crystallise  if  cooled 
too  slowly,  whereby  the  appearance  if  not  the 
structure  of  the  candle  would  be  impaired. 
Therefore  the  melted  stearine  is  stirred,  with 
the  aid  of  simple  machinery,  while  in  the 
melting  pans,  till  it  assumes  the  consistency  and 
appearance  of  gruel,  in  which  state  it  is  trans- 
lerred  to  the  ‘ jacks,’  cans  having  a flat,  wide 
spout,  and  thence  to  the  moulds.  When  these 
are  full,  they  are  allowed  to  rest  about  25 
minutes  until  they  are  sufficiently  hard  to  permit 
of  their  being  withdrawn  without  fracture.  The 
troughs  are  not  scraped  in  this  case,  as  the  tops 
are  hard  enough  if  the  candles  are  raised  2 
inches.  As  soon  as  the  pipes  are  filled  again 
and  the  material  set  sufficiently  to  hold  the  wick 
without  extraneous  acid,  the  upper  row  of 
candles,  often  while  still  warm,  is  removed  into 
trays  where  they  cool  and  bleach.  This  ten- 
dency of  stearine  to  crack  was  a great  obstacle  to 
the  success  of  these  candles  when  they  were  first 
introduced.  Among  the  various  devices  em- 
ployed to  overcome  the  defect  was  that  of 
stirring  a small  proportion  of  arsenic  into  the 
melted  stearine.  This  certainly  broke  the  grain, 
but  it  was  of  course  diffused  into  the  air  on 
burning  the  candles.  When  this  became 
generally  known,  the  prejudice  against  stearine 
candles  was  such  as  to  affect  injuriously  the 
success  of  the  new  substitute  for  tallow,  and  to 
this  day  stearine  candles  enjoy  but  a com- 
paratively limited  popularity  in  this  country. 

In  a patent  process  for  preparing  the  fatty 
acids  for  stearine  candles  (Reuter  Process  Co., 
Eng.  Pats.  9393  and  9394,  1915),  the  glycerides 
are  fractionally  saponified  by  boiling  with 
sulphonic  acids,  such  as  Twitchell’s  reagent 
(Eng.  Pat.  4741,  1908).  It  is  claimed  that 
candles  made  from  the  resulting  fatty  acids  are 
not  decolourised  by  an  exposure  of  several 
days  to  the  sun  and  air. 

Paraffin  Candles. — At  present,  stearine 
candles  are  replaced  in  this  country  by  candles 
made  of  a mixture  of  stearine  and  paraffin  wax, 
except  in  the  case  of  hollow  candles  {see  below). 
In  France,  however,  the  stearine  candle,  being 
protected  by  customs  duties  on  paraffin  wax, 
holds  its  own  against  paraffin  candles ; and  in 
that  country,  as  also  in  Italy,  stearine  candles 
are  manufactured  in  considerable  quantities. 
In  Germany  and  Austro-Hungary,  the  stearine 
candle  is  gradually  being  ousted  by  the  paraffin 
candle  When,  in  1854,  James  Young  obtained 
from  shale  oil  a pure  white  paraffin,  which  was 
subsequently  made  into  candles  under  a patent 
of  J.  K.  Field,  the  immediate  popularity  of  the 
novel  illuminant  left  little  doubt  as  to  what 
would  be  the  material  of  the  candle  of  the  future. 
Even  the  most  enthusiastic  optimist  of  that  day 
would  have  hesitated  before  accepting  the 
prophecy  that  paraffin  candles  would  be  sold  at 
half  the  price  of  tallow  dips,  as  is  the  case  to-day. 

The  main  difficulty  experienced  in  the  early 
stages  of  the  manufacture  of  paraffin  candles 
arose  from  want  of  precaution  in  regulating  the 


temperature  while  casting.  The  same  machine 
can  be  employed  for  either  paraffin  or  stearine 
candles,  but  when  paraffin  wax  is  to  be  used, 
the  water  in  the  tanks  is  raised  to  a temperature 
of  nearly  200°  F.,  by  passing  steam  through  the 
pipe.  Also  the  paraffin  wax  itself  is  heated  to 
about  170°-180°  F.,  and  poured  in  a highly 
mobile  state.  When  the  pipes  are  filled,  the  hot 
water  is  discharged  from  the  tanks  and  cold 
water  immediately  introduced,  thus  suddenly 
chilling  the  fluid  material.  If  the  exact  point 
be  missed,  failure  will  result.  Thus,  if  the  pipes 
are  colder  than  the  inflowing  paraffin  wax,  it  will 
congeal  as  it  touches  the  metal,  assuming  a dull.* 
striated  aspect.  On  the  other  hand,  if  the 
moulds  are  allowed  to  cool  slowly,  the  candles 
will  shrink  on  to,  instead  of  from,  the  walls,  and 
will  be  injured  in  removal  from  the  moulds,  if 
indeed  they  can  be  withdrawn  at  all  in  the  solid 
state.  When  the  operation  is  properly  carried 
out,  and  the  pipes  are  not  worn  by  usage,  and 
further,  if  the  paraffin  is  highly  refined  and  of  a 
high  melting-point,  the  candles  leave  the  moulds 
with  a lustre  which  hardly  suffers  by  ordinary 
handling.  This  lustre,  combined  with  the 
translucency,  snowy  whiteness,  and  ready 
adaptability  to  ornament  in  shape  and  colour, 
gives  paraffin  wax  the  pre-eminence  over  all 
other  materials  for  candle  making.  It  has, 
however,  its  disadvantages.  The  readiness  with 
which  it  liquefies  by  heat,  gives  to  even  the  best 
paraffin  candles  a tendency  to  ‘ gutter.’  More- 
over, the  paraffin  wax  has  the  peculiar  property, 
which  is  independent  of  the  melting-point,  of 
becoming  plastic  after  exposure  to  a moderate 
degree  of  heat.  The  time  required  to  develop 
this  tendency  varies,  it  is  true,  with  the  hardness 
or  fusibihty  of  the  paraffin  wax,  which  ranges 
from  105°  F.  to  140°  F.  ; but  even  ceresin,  of  a 
melting-point  of  142°- 143°  F.,  is  affected  by  pro- 
tracted heat.  The  inferior  varieties  of  paraffin 
candles,  from  the  ease  with  which  their  substance 
melts,  are  very  prone  to  smoke  ; the  wick  is  apt 
to  be  too  abundantly  supplied  with  combustible, 
and  is  consequently  chilled  below  the  point  at 
which  complete  combustion  can  take  place. 

By  judiciously  mixing  stearin  and  paraffin 
wax,  the  candle  maker  is  able  to  obviate  many 
of  the  defects  of  the  substances,  whilst  retaining 
their  advantages.  Such  candles  as  ‘ petro- 
stearine,’  ‘ palmitine,’  and  other  popular  varieties 
and  especially  the  paraffin  candles  of  the  Saxo- 
Thuringian  paraffin- wax  industry,  are  made  on 
this  principle. 

In  the  United  States  the  method  of  preparing 
such  composite  candles  is  to  melt  the  paraffin 
wax  by  means  of  steam,  to  add  a small  pro- 
portion of  stearine,  and  to  clarify  the  mixture 
iDy  the  addition  of  oxalic  acid,  which  precipitates 
calcium  salts.  The  clear  upper  layer  of  wax  is 
then  drawn  off  into  a steam- jacketed  pan,  where 
it  is  heated,  and  impurities  are  detected  and 
separated,  after  which  it  is  transferred  by  means 
of  a ‘ swimmer  ’ to  a ‘ jack  ’ or  bucket,  which 
delivers  it  in  a regulated  stream  to  the  moulding 
machine  (Campbell,  J.  Inst.  Petrol.  Techn. 
1916,  2,  274). 

In  Laursen-Schjodt’s  process  (Fr.  Pat.  466027, 
1913),  oleine  or  stearine  is  dissolved  in  turpentine 
or  other  solvent,  the  solution  treated  with  the  cal- 
culated amount  of  alkali  for  saponification,  and 
the  resulting  mass  incorporated  with  paraffin  wax. 
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The  use  of  trimetliylamine  in  the  manu- 
facture of  composite  candles  has  been  patented 
by  Herzmann  (D.  R,  P.  275344,  1911),  the 
trimethylamine  being  treated  first  at  the  ordi- 
nary temperature,  and  then  under  pressure  at 
150'^  with  chlorohydroxy  fatty  acids  or  sulphuric 
esters  of  hydroxy  fatty  acids  such  as  Turkey-red 
oil.  The  resulting  product  can  be  saponified. 

In  Burke’s  patent  (Eng.  Pat.  14975,  1914) 
about  0'25  p.c.  of  a heavy  metal  salt  of  an  organic 
acid  {e.g.  lead  oleate  or  palmitate)  is  added  to 
the  paraffin  wax. 

The  transparency  of  stearine  and  paraffin 
candles  may  be  reduced  by  adding  from  1 to 
6 p.c.  of  ‘ denatured  ’ ethyl  or  methyl  alcohol, 
the  amount  depending  upon  the  degree 
of  opacity  desired  (Moretti,  Er.  Pat. 
431490,  1911). 

One  of  the  greatest  improvements 
in  candle  making  is  the  self-fitting 
end,  by  which  simple  device  a candle 
will  fit  any  normally  constructed  sconce 
without  being  scraped  or  using  paper 
or  any  other  expedient  to  enlarge  or 
diminish  the  butt.  The  self-fitting  end 
patented  by  J.  L.  Field  (Eng.  Pat. 
Fig.  G.  3032,  1861),  is  now  in  universal  use. 

Fig.  6 gives  an  example  of  the  conical 
butt,  whilst  Fig.  7 represents  the  machine 
patented  by  E.  Cowles  for  its  manufacture. 
The  difficulty  to  be  overcome  lies  in  the  butt 
projecting  beyond  the  stem  of  the  candle,  which 
renders  the  ordinary  method  of  withdrawal  im- 
practicable. To  meet  this,  the  butts  are  cast 


Fig.  7. 


in  a separate  frame,  which  can  be  fitted  to 
or  removed  from  the  pipes  at  will.  When  the 
machine  is  to  be  filled,  the  butt  frame  is 
lowered  by  the  chain  till  the  butts  rest  upon 
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and  fit  tightly  into  their  respective  pipes.  The 
wicks  are  then  drawn  through  the  butt  moulds 
with  a wire  and  clamped  in  a centric  position, 
after  which  the  filling  is  proceeded  with  in  the 
usual  manner.  When  cold  the  wicks  are  cast 
loose,  the  tops  scraped  off,  and  the  upper  frame 
hoisted  off  the  butts,  as  shown  in  the  illustration, 
the  operation  being  concluded  as  before.  It 
will  be  noticed  that  this  apparatus  precludes 
running  a continuous  wick,  as  is  done  in  the 
making  of  candles  having  plain  ends  ; and  in  a 
large  factory,  a serious  loss  is  incurred  in  the 
course  of  the  year  by  the  inch  or  two  of  wick 
snipped  off  at  each  operation.  A very  ingenious 
machine  for  saving  this  waste  is  due  to  E. 
Cowles,  who  invented  a split  bed-plate  holding 
the  butts.  When  ready  for  withdrawal,  the  butt 


Fig.  8. 


moulds  are  raised  and  opened  out  by  a simple 
lever  motion,  and  the  candles  can  thus  be  passed 
through  without  further  trouble  (Figs;  8 and  9). 

Numerous  improvements  have  been  made 
in  the  construction  of  candle  machines  by 
the  makers  in  this  country,  in  France,  the 
United  States,  and  Germany,  but  all  these 
improvements  refer  to  mechanical  details 
only,  without  affecting  the  principle.  All 
these  machines  work  discontinuously.  A con- 
tinuous candle  machine,  for  a description  of 
which  the  reader  must  be  referred  to  Engineer- 
ing, 1901,  Feb.  1st,  has  been  constructed  by 
Fournier  et  Cie,  Marseille.  The  machine  is  very 
complicated,  and  would  seem  only  to  commend 
itself  to  works  where  a very  large  output  can 
be  relied  upon,  and  where,  at  the  same  time, 
the  works  suffer  from  a shortage  of  cooling  water. 

An  improvement,  which  has  found  more 
favour  on  the  Continent  than  in  this  country, 
consists  in  perforating  the  stem  of  the  candle 
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longitudinally  so  as  to  afford  an  internal  escape 
for  any  combustible  which  would  otherwise  have 


guttered  down  the  outside.  The  up -draught  of 
air  which  takes  place  in  the  tubes  has  a tendency 
to  ensure  more  perfect  combustion.  By  reason 
of  the  hardness  required  in  their  manufacture, 
these  candles  must  be  made  with  stearine. 

A more  recent  process  to  prevent  guttering  is 
that  devised  by  Powell  and  Bush  (Eng.  Pat. 
110579,  1916),  according  to  which  the  candles 
are  varnished  with  a colour  varnish  or  with 
paraffin  wax  stiffened  with  a combustible  powder 
such  as  cellulose. 

Candles  made  for  ordinary  purposes  are 
ready  for  packing  immediately  after  leaving  the 
candle  machine.  Better-class  candles  are  sub- 
jected to  polishing  and  finishing  processes  in 
special  machines,  which  are  much  more  used  on 
the  Continent  than  in  this  country. 

Much  art  has  been  expended  on  the  orna- 
mentation of  candles.  Before  the  introduction 
of  aniline  dyes,  candles  were  coloured  with  such 
pigments  as  vermilion,  ultramarine,  and  verdi- 
gris ; these,  besides  causing  a dull,  heavy  appear- 
ance, ruined  the  wick  by  choking  it  with  incom- 
bustible matter.  In  beeswax  candles,  this  evil 
was  minimised  by  confining  the 
I colour  to  the  last  coating,  which, 

; owing  to  the  opacity  of  the  bees- 
i wax,  gave  the  appearance  of  a 

Ii  candle  coloured  throughout  with 
, but  slight  effect  on  the  burning. 

I The  translucent  paraffin,  however, 

I did  not  admit  of  this  device. 

Paraffin  candles  are  now  coloured 
: with  coal-tar  dyes  by  dissolving 
Ji  the  dye  in  a small  proportion  of 

I stearine  which,  when  added  to  the 
paraffin,  colours  it  to  any  desired 
shade.  Of  ornamented  candles 
(Fig.  10),  one  of  the  most  popular 
forms  is  the  ‘ cable  ’ or  spiral 
pattern.  This  form,  as  patented 
by  Field,  was  made  by  turning 
the  plain  candle  in  a lathe  of  complicated  struc- 
ture, which  could  fashion  over  thirty  different 
sizes  and  patterns  of  candles,  e.g.  cabled,  spiral, 


fluted,  striped,  &c.  By  grooving  out  continuous 
patterns,  replacing  the  candle  in  its  mould,  and 
running  in  coloured  stearin,  a number  of  fanci- 
ful devices  were  obtained,  each  of  which  had 
its  period  of  popularity.  The  ‘ King  Alfred’s 
candle,’  the  stem  of  which  is  divided  by  grooves 
of  this  kind  into  sections  burning  an  hour  each, 
still  enjoys  favour. 

The  demand  for  cabled  candles  is  now  so 
large  that  they  are  made  in  moulds,  the  pistons 
while  ascending  being  caused  to  rotate,  so  as  to 
screw  the  candles  out  of  their  spiral  moulds. 

Candles  burning  with  coloured  flames  have 
been  patented  by  Scheurer  (D.  R.  P.  216338, 
1907),  the  candle  material  being  impregnated 
with  nitrates  or  other  salts  readily  decomposing 
when  heated,  and  metallic  salts  or  wires  capable 
of  imparting  a colour  to  the  flame. 

Night  lights  are  short  thick  cylinders  of  a fat 
or  wax,  furnished  with  small  wicks,  their  object 
being  to  give  a constant  and  lasting  rather  than 
a bright  light.  They  are  usually  cast  direct  in 
paper  cases,  and  are  recommended  to  be  placed 
on  water.  Price’s  Candle  Co.  have  adopted  the 
plan  of  casting  the  cylinders  in  a machine  similar 
to  a candle  frame,  and  employing  a material  so 
hard  (pressed  coco-nut  stearine)  as  to  retain  its 
form  in  hot  weather  without  external  support. 
These  lights  are  burnt  in  glass  cups,  thus  shed- 
ding their  full  light  and  rendering  the  precaution 
of  water  unnecessary.  Another  very  popular 
form  of  this  illuminant  is  Clark’s  ‘ pyramid  ’ night 
light,  which,  as  its  name  indicates,  is  coniform. 
In  this,  the  material  employed  is  pressed  tallow 
of  great  purity,  and  the  wick  is  a rush-pith  with 
two  lateral  strips  of  the  peel  left  adhering.  These 
turn  outwards  in  burning,  giving  a neat  and 
shapely  flame.  The  base  of  the  cone  is  a disc 
of  plaster  of  Paris,  which  holds  the  wick  upright 
till  the  whole  of  the  fat  is  consumed ; a result 
achieved  less  surely  in  the  other  kinds,  where 
the  wick  is  of  ‘ inkle  ’ (flax),  held  by  a little  strip 
of  tin,  into  which  the  base  of  the  fibre  is  fixed. 

Candles  intended  for  heating  purposes,  and 
so  burning  with  a hot  smokeless  flame,  and 
giving  only  a feeble  light,  are  prepared  from 
esters  of  amino  or  imino  acids  melting  between 
50°  and  130°,  and  decomposing  between  200°  and 
300°.  Ammonium  nitrate  or  similar  substance 
is  also  added  (Scheuble,  D.  R.  P.  234340,  1909). 

' The  use  of  viscose  filaments  as  a material 
for  candle  wicks  has  been  patented  by  Wilson 
(Eng.  Pat.  5170,  1913). 

The  strides  made  in  gas  and  electric  illumina- 
tion have  not  materially  affected  the  prosperity 
of  candle  manufacture.  On  the  contrary,  every 
year  sees  a considerable  increase  in  the  number  of 
candles  made.  This  is  especially  due  to  the  in- 
creasing consumption  of  candles  in  mines 
(Transvaal,  India,  Australia,  &c.).  An  inquiry 
made  by  the  writer,  in  1903,  as  to  the  con- 
sumption of  candle  material  in  this  country,  led 
to  an  estimated  quantity  of  45,600  tons,  which 
may  be  distributed  over  the  different  materials 
mentioned  above,  as  follows  : tallow  (for  dips), 
1000  tons  ; stearine,  2190  tons  ; paraffin  wax, 
42,200  tons  ; ceresin,  100  tons.  France  produces 
about  30,000  tons  of  candles,  chiefly  stearine 
candles;  Germany,  about  11,000  tons,  chiefly 
paraffin  candles;  Holland;  about  6000  tons, 
chiefly  stearine  candles ; Belgium,  about  4000 
tons,  chiefly  stearine  candles.  Austro-Hungary, 
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Italy,  and  Russia  produce  much  smaller  quanti- 
ties than  the  last-named  countries. 

Candles  were  exported  from  Germany  to  the 
value  of  £56,600  in  1912,  principally  to  Russia, 
Mexico,  Brazil  and  the  Mediterranean  countries. 
In  1912  the  exports  from  Austria-Hungary, 
chiefly  to  the  Balkan  States,  Russia^  Turkey,  and 
Egypt,  were  valued  at  £14,000  ; whilst  the  total 
exports  from  the  United  Kingdom  (1913)  were 
of  the  value  of  £435,000  (Board  of  Trade,  Bull. 
No.  89).  J.  L. 

CANDLE-NUT  OIL  is  obtained  from  the 
fruits  of  the  candleberry  tree,  Aleurites  mo- 
luccana  (Willd.),  belonging  to  the  family  of 
spurgeworts  {Euphorhiaceoe).  The  tree  attains 
the  height  of  30  or  40  feet,  is  a native  of  the 
Moluccas  and  South  Pacific  Islands,  and  is 
widely  distributed  over  the  tropics  of  the  eastern 
hemisphere ; it  also  occurs  in  the  Cameroons. 
In  India  it  is  known  as  ‘ Indian  akhrout.’  The 
fruits  resemble  walnuts  in  their  appearance,  but 
the  shell  of  the  candle-nuts  is  far  thicker.  The 
name  ‘ candle-nut  ’ is  derived  from  the  practice 
of  the  South  Sea  Islanders  to  dry  the  kernels, 
thread  them  on  reeds,  forming  a candle,  several 
of  these  candles  being  wrapped  in  a leaf  of 
jmndnnus  (screw-pine)  so  as  to  make  a torch. 

The  average  composition  of  the  kernels  is  as 
follows  : — 


Oil 

^Vater 

Proteins 

Ash 


Per  cent. 
. 61-0 

. 5-0 

. 23-0 
3*4 


Carbohydrates  and  crude  fibre  7 '6 

1000 

The  cold- drawn  oil  is  limpid,  colourless,  or 
yellowish ; has  a pleasant  odour  and  bland 
taste,  but  cannot  be  used  for  edible  purposes  on 
account  of  its  purging  properties. 

The  oil  extracted  from  a typical  sample  of  the 
nuts  had  the  following  characters : sp.gr.  at 
15’5°,  0‘9276  ; refractive  index  (25°),  U4970  ; 
acid  value,  0‘8  ; saponification  valu^  188 ‘2  ; 
and  iodine  value,  151 ’6  (Tests  for  Candle-nut 
Oil : American  Soc.  for  Testing  Materials,  1914). 

The  oil  is  obtainable  in  enormous  quantities, 
but  hitherto  it  has  not  been  used  to  such  an 
extent  as  its  drying  properties  would  warrant. 

The  fruit  of  A.  triloba  (Forst.)  is  two-celled, 
fleshy,  olive- coloured,  and  about  two  and  a half 
inches  in  diameter.  Each  cell  contains  one  nut, 
resembling  in  appearance  and  taste  a walnut, 
the  shell  of  which  is  very  hard.  The  seeds  yield 
about  50  p.c.  of  an  oil  known  as  ‘ kekuna  oil.’ 
Seeds  from  Hong  Kong,  where  the  tree  is  culti- 
vated as  one  of  the  best  shade  trees,  were  found 
to  contain  60  p.c.  of  an  edible  oil  very  similar  to 
that  obtained  from  A.  moluccana ; whilst 
Mauritius  seeds  yielded  68 T p.c.  of  oil  with  the 
following  characters  : sp.gr.  at  15°,  0‘927  : 
saponification  value,  193*7  ; and  iodine  value, 
151.  The  nuts  are  worth  about  £28  jjer  ton  in  ! 
Europe  (Bull.  Imp.  Inst.  1912,  10,  44).  J.  L. 

CANELLA  BARK.  The  dried  bark  of 
Canella  alba  (Murr.),  obtained  from  Florida  and  j 
the  West  Indies  in  large  buff-coloured  quills  or  j 
pieces  of  about  an  inch  broad.  Has  a bitter  j 
pungent  acrid  taste  and  odour  of  a mixture  of 
cloves  and  cinnamon,  due  to  a volatile  oil  con-  i 
taining  eugenic  acid  which  is  also  found  in  oil  of  , 


cloves.  The  bark  contains  a bitter  principle, 
canelliny  together  with  resin,  mannite,  and 
starch.  Used  in  medicine  as  an  aromatic  bitter 
and  tonic,  and  in  rheumatism  and  gout. 

CANELLE  or  BISMARCK  BROWN  v.  Azo- 

COLOURING*  MATTERS. 

CANFIELDITE  v.  Argyrodite. 

CANNABIN  or  INDIAN  HEMP  RESIN  v. 

Resins. 

CANNABINENE  Resins. 

CANNABINOL.  The  active  constituent  of 
Indian  hemp  resin  or  ‘ hashish  ’ {v.  Resins). 

CANNABIS  INDICA  Resins. 

CANNONITE  v.  Explosives. 

CANTHARIDES.  Spanish  flies  {Lytta  vesi- 
catoria).  Dried  coleopterous  insects  used  in  medi- 
cine, in  the  form  of  plasters,  tincture,  liniments, 
&c.,  on  account  of  their  vesicating  properties, 
due  to  a peculiar  acrid  principle,  cantharidin. 

Employed  also  as  a stimulant  diuretic,  as  an 
aphrodisiac,  and  as  an  emmenagogue.  Obtained 
principally  from  Hungary,  Russia,  and  the  South 
of  France. 

Cantharidin  Cj  oHi204  or 

CH2*CH2*CH*CH2*C0\ 

I I >0 

CHj-OHa-OH-CO-OO  / 

(Spiegel,  Ber.  26,  140),  or 

CH2-CH 


CHp  CH.  AC*CH,*COOH 


CH2*C— C0*0 

(Meyer,  Monatsh.  1897,  18,  393),  or 
■CH2*CHCMe*CO 


0 


0 


CH2*CH*CMe*CO 

(Gadanier,  Arch.  Pharm.  1914,  252,  609  ; 1917, 
255,  277  ; 1917,  255,  315)  is  obtained  by  treat- 
ing the  powdered  insects  with  chloroform, 
ether,  or  ethyl  acetate,  acidified  with  sulphuric 
acid,  evaporating  the  extract  and  treating 
the  residue  with  carbon  disulphide  or  light 
petroleum,  to  remove  fat ; or  by  mixing  the 
cantharides  with  water  and  magnesia  ; drying, 
treating  with  dilute  sulphuric  acid,  and  extract- 
ing with  ether.  The  yield  varies  from  0*3  to 
1*03  p.c.  of  the  insects  taken.  Crystallises 
in  trimetric  plates,  melts  at  218°,  but  begins  to 
sublime  at  85°.  It  is  tasteless  and  inodorous  ; 
blisters  the  skin  strongly,  especially  when  in 
solution  or  mixed  with  fat.  Yields  the  alkaline 
salts  of  cantharic  acid  CioH^jOg,  by  heating 
with  aqueous  solution  of  potash  or  soda.  For 
other  derivatives  of  cantharidin,  see  Rudolph, 
Arch.  Pharm.  1916,  254,  423.  Gadanier  has 
shown  that  the  fsocantharidin  and  ^kocantharidic 
acid  of  Anderlini  and  Ghira  are  in  reality  acetyl 
hydrato  cantharic  anhydride  and  acetyl  hydrato 
cantharic  acid  respectively. 

CANTON’S  PHOSPHORUS  v.  Calcium. 

CAOUTCHOUC  V.  Rubber  ; also  Terpenes. 

CAOUTCHOUC  OIL.  An  oil  which  has 
proved  efficient  in  preventing  rust.  It  is  spread 
with  a piece  of  flannel  in  a very  thin  layer  over 
the  metallic  surface  which  is  to  be  preserved, 
and  allowed  to  dry.  To  remove  it,  the  article 
has  simply  to  be  treated  with  caoutchouc  oil 
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CAOUTCHOUC  OIL. 


again,  and  washed  after  12  to  24  hours  (J.  Soc. 
Chem.  Ind.  1,  315). 

CAP  COMPOSITIONS  v.  Explosives. 

CAPE  BERRY  WAX  v.  Waxes. 

CAPRIC  ACID  or  DECOIC  ACID  v.  Decatoic 

ACID. 

CAPROIC  or  HEXOIC  ACIDS  CsH^i  COOH. 
Seven  isomerides  are  known. 

1.  n-Caproic  acid  CH3(CH2)4COOH  occurs 
in  the  fats  ; in  cheese ; and,  possibly,  mixed 
with  certain  of  its  isomerides,  in  cocoa-nut 
oil ; in  St.  John’s  bread ; in  the  fruit  of 
Heracleum  sphondylium  and  in  the  flowers  of 
Satyrium  Tiircinum  ; and  in  the  fusel-oil  from 
the  fermented  molasses  of  mangel  wurzel.  Is 
best  prepared  by  fractionating  crude  fermenta- 
tion butyric  acid  (Lieben,  Rossi,  Annalen,  159, 
75  ; 165,  118)  ; b.p.  204-5°  : sp.gr.  0*9446  at  0°. 

2.  Isobutyl  acetic  acid,  or  y-methylvaleric  acid 

(CH3)2CHCH2CH2C00H 

is  present  in  butter ; may  be  obtained  by  the 
action  of  hydriodic  acid  upon  hydroxyhso- 
caproic  acid  (Mielck,  Annalen,  180,  57  ; Fittig. 
Ruhlmann,  ibid.  226,  347),  or  by  the  distillation 
of  t,sobutylmalonic  acid  (Konig,  Monatsh.  15, 
20 ; Bentlev  and  Perkin,  Chem.  Soc.  Trans. 
1898,  487)  ; "b.p.  200°-201°  ; sp.gr.  0-925  at  0°. 

3.  Diethylacetic  acid,  pseudocaproic  acid,  or 
a-e.tliylbutyric  acid  (C2ll5)2CH-COOH,  may  be 
obtained  by  the  action  of  sodium  upon  acetic 
ester,  and  treatment  of  the  product  by  ethyl 
iodide  (Frankland  and  Duppa,  Annalen,  138, 
221) ; by  boiling  diethylcarbinol  cyanide  with 
potassium  cyanide  (Saytzefl,  ibid.  193,  349) ; by 
reduction  of  dichlorethyl  acetic  ester  by  sodium 
amalgam  (Markownikow,  Ber.  1873,  1175)  ; by 
heating  sodium  ethylate  and  sodium  acetate  in 
a stream  of  carbon  monoxide  (Geuther  and 
Frohlich,  Annalen,  202,  308) ; by  heating  di- 
ethylmalonic  acid  at  170°-180°  {Conrad,  ibid. 
204,  141) ; by  heating  a-diethyl-)8-hydroxy- 
butyric  acid  (Schnapp,  ibid.  201,  70) ; by  heating 
diethylcyanacetic  acid  with  concentrated  hydro- 
chloric acid  at  160°  (Hesse,  ibid.  18,  749)  ; b.p. 
190°  (756-5  mm.) ; sp.gr.  0-9196  at  20°/0°. 

4.  Methylpropylacetic  acid  or  a-methylvoleric 
acid  CH3-CH2-CH2-CH(CH3)-C02H  is  obtained 
by  the  oxidation  of  its  aldehyde,  and  by 
the  reduction  of  methylacrylic  acid  (Lieben 
and  Zeisel,  Monatsh.  4,  37,  63) ; by  heating 
a-methyl  valerolactone  or  wosaccharin  with 
hydriodic  acid  and  red  phosphorus  (Lieber- 
mann  and  Scheibler,  Ber.  1883,  1823  ; Kiliani, 
ibid.  185,  632)  ; by  heating  a-methylpropyl- 
j8-hydroxybutyric  acid  (Jones,  Annalen,  226, 
292)  ; and  by  the  distillation  of  turpentine ; 
b,p.  193°-194°;  sp.gr.  0*9279  at  18°/0° ; 1 part 
water  dissolves  0*5693  part  at  17°. 

5.  Meihylisopropyl  acetic  acid,  isocaproic 
acid,  or  a^-dimethylbutyric  acid 

(CH3)2CH-CH(CH3)C02H 

may  be  formed  from  methyh'sopropylcarbinol 
cyanide  (Markownikow,  Zeitsch.  Chem.  1860, 
205)  ; by  the  oxidation  of  the  corresponding 
hexylalcohol  from  Roman  camomile  oil  (Kobig, 
Annalen,  195,  102),  or  by  melting  camphoric 
acid  with  caustic  alkali  (Crossley  and  Perkin, 
Chem.  Soc.  Trans.  1898,  16)  ; b.p.  189°-191°. 

6.  Dimethylethylacetic  acid  or  aa-dimethyl- 
propionic  acid  (CH3)2C(C2H5)C02H  is  formed  by 


the  action  of  hydrochloric  acid  upon  dime- 
thylethylcarbinol  cyanide  (Wischnegradsky, 
Annalen,  174,  56),  and  by  the  oxidation  of 
the  methylethyl  ketone  prepared  from  pina- 
colin  (Lawrinowitsch,  ibid.  185,  126).  A colour- 
less liquid;  b.p.  187°,  m.p.  —14°. 

7.  {a)  fi-ethylbutyric  acid  or  active  caproic 
acid  CH3-CH(C2H5)CH2C00H  is  obtained  by 
the  oxidation  of  the  active  hexylalcohol  obtained 
from  Roman  camomile  oil  (Romburgh,  Rec.  trav. 
chim.  5,  221 ; Kobig,  Annalen,  195.  102) ; b.p. 
196°-198°  (770  mm.) ; sp.gr.  0*930  at  15°. 

(6)  Inactive  ^-ethylbutyric  acid  may  be 
formed  by  heating  secondary  butylmalonic 
acid  (Romburgh,  Rec.  trav.  chim.  6,  153)  or 
from  secondary  butyliodide,  diethylmalonic 
ester  and  sodium  ethoxide  (Kuhlisch,  Monatsh. 
14,  561 ; Bentley,  Chem.  Soc.  Trans.  1895,  267). 

CAPRYL  ALCOHOL  v.  Octyl  alcohol. 
CAPRYLIC  ACID  Octoic  acids. 

CAPSAICIN  V.  Resins. 

CAPSICUM  {Bird  pepper,  Cayenne  pepper). 
The  dried  ripe  fruit  of  Capsicum  minimum 
(Roxb.),  which  was  probably  a native  of  tropical 
America,  but  is  now  known  only  in  cultivation, 
the  chief  supply  coming  from  Africa  and  India. 

The  fruit  is  1-2  cm.  long  and  about  one- 
third  as  broad ; somewhat  flattened  oblong - 
ovoid  in  shape,  and  is  covered  with  a crimson  or 
scarlet,  semi-transparent,  wrinkled  coriaceous 
epicarp.  It  is  two-celled  and  contains  about 
20  yellow,  flat,  reniform  seeds,  3*5  mm.  long  and 
2-5  mm.  broad.  It  is  prepared  for  use  by 
grinding  the  whole  fruit. 

Cayenne  pepper  is  sometimes  adulterated 
with  flour,  corn-meal,  or  even  sawdust.  Entire 
capsicum  is  also  frequently  substituted  by  larger 
varieties.  Adulteration  of  the  powder  may  be 
detected  by  the  estimation  of  oleo -resin,  which 
should  not  be  less  than  5 p.c.  ; and  of  the  ash, 
which  should  not  exceed  7 p.c.,  and  by  micro- 
scopical examination  {v.  Bitto,  Chem.  Soc.  Abstr. 
1893,  D,  ii.  546). 

The  active  principle  of  capsicum  is  capsaicin 
(capsicin,  capsicol)  CigHggOgN  (C18H27O3N, 
Lapworth  and  Royle),  which  is  present  to  the 
extent  of  0-05-0*07  p.c.  (Morbitz,  Chem.  Zentr. 
1897,  ii.  593).  It  is  obtained  from  the  ethereal 
extract  of  capsicum,  and  crystallises  from 
light  petroleum  in  colourless  plates,  m.p.  63*5°, 
easily  soluble  in  ether,  alcohol,  chloroform,  &c., 
but  almost  insoluble  in  hot  water  and  insoluble 
in  cold  water.  It  is  not  volatile  in  steam,  and 
has  the  j)ro2Derties  of  a weak,  phenol-like  acid. 
The  benzoyl  derivative  forms  silky  needles,  m.p. 
74°  (Micko,  Chem.  Zentr.  1899,  i.  293). 

The  other  constituents  are  a volatile,  non- 
acrid  alkaloid  ; red  colouring  matter  ; wax  ; 
resin ; fixed  oil ; oleic,  palmitic,  and  stearic 
acids  ; and  a minute  amount  of  a volatile  oil 
having  the  odour  of  parsley  (Pabst.  Arch.  Pharm. 
230,  108). 

Capsicum  is  largely  employed  as  a condi- 
ment. In  medicine,  it  is  used,  externally  as  a 
powerful  rubefacient,  and  internally  in  the 
treatment  of  atonic  dyspepsia,  chronic  alcohol- 
ism, and  delirium  tremens. 

CAPSICUM  RESIN  Resins. 

CAPTOL,  Trade  name  for  a condensation 
product  of  chloral  and  tannin ; used  in  derma- 
tology. 

CAPUT  MORTUUM.  A term  employed  by 
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the  alchemists  to  denote  the  residue  remaining 
in  the  retort  or  alembic  after  the  volatile  matter  , 
has  passed  away.  ! 

CARAGHEEN  MOSS.  Irish  pearl  moss 
{Ghondrus  crispus)  (v.  Carrageen  ; Alg^). 

CARAJURU,  CARCURU,  or  CRAJURU.  A 
Brazilian  dyestuff  of  a red  colour,  said  to  be 
identical  with  cliica-red,  used  by  certain  Indian  i 
tribes  to  stain  their  skins,  and  which  is  obtained  | 
from  the  leaves  of  the  Bignonia  chica  (Humb,  et 
Bonpland).  It  is  a light,  mealy,  odourless, 
tasteless  powder,  which  acquires  a coppery  lustre 
on  trituration.  Insoluble  in  water,  but  soluble 
in  alcohol,  ether,  and  alkalis  (Virey,  J.  Pharm. 
1844,  151). 

CARAMEL,  The  brown  substance  produced 
by  the  action  of  heat  on  sugar  glucose  or  invert 
sugar,  used  for  colouring  liquors,  beer,  sweet- 
meats and  gravies. 

Preparation. — On  the  small  scale  common 
sugar  is  heated,  with  constant  stirring,  in  a metal 
pan  capable  of  containing  about  ten  times  the 
quantity  taken,  till  the  whole  mass  melts,  turns 
brown,  and  at  last  suddenly  froths  up,  when 
the  heat  must  be  immediately  stopped.  Not 
more  than  15  p.c.  of  the  weight  of  the  sugar 
should  be  driven  off,  as  the  product  is  liable  to 
become  insoluble  if  further  heated. 

For  preparation  of  caramel  colours,  Asry- 
musry  recommends  the  following  processes  (long 
kept  secret)  : — ■ 

Colour  for  rum. 

Potassium  or  sodium  hydroxide  . 3 kilos. 

Water  . . . , . 6 „ 

Or  potassium  or  sodium  carbonate  4 ,, 

Water  . . . . . 8 „ 

Dissolve  with  heat  in  large  iron  pan,  and  add 
Glucose  . . . .120  kilos. 

Or  syrup  of  glucose  . . 130  ,, 

Boil  over  the  fire  till  irritating  vapours  begin  to 
appear,  then  decrease  the  heat,  and  stir  con- 
tinuously till  the  required  shade  is  produced, 
then  stop  the  process  by  adding  30  to  40  litres 
of  water  in  a fine  jet. 

Colour  for  beer  or  vinegar. 

Ammonium  carbonate  . . 6 kilos. 

Water  . . . . 6 ,, 

Glucose  . . . . 120  ,, 

Process  exactly  as  above. 

In  the  modem  method  of  manufacture  the 
process  is  conducted  in  a closed  vessel,  generally 
with  the  addition  of  ammonia  or  one  of  its  salts 
(c/.  Salamon  and  Goldie,  J.  Soc.  Chem.  Ind. 
1900,  19,  301).  The  colouring  power  of  the 
cfiramel  seems  to  depend  upon  the  amount  of 
ammonia  used  in  its  preparation.  In  McGowan’s 
process  glucose  is  heated  with  from  5 to  10  p.c. 
of  its  weight  of  liquor  ammonia  (sp.gr.  0*8803 
in  a closed  digester  to  100°  for  above  24  hours, 
and  the  mixture  concentrated. 

According  to  Magalhaes  (Compt.  rend.  1896, 
123,  896),  caramel  prepared  from  cane  sugar 
differs  considerably  from  caramel  made  from 
glucose,  in  that  it  behaves  with  certain  reagents 
exactly  like  a coal-tar  colour.  Thus,  when 
treated  with  basic  lead  acetate  and  then  shaken 
with  amyl  alcohol,  the  former  caramel  com- 
municates an  orange-yellow  colour  to  the 
solvent,  whilst  with  glucose  caramel,  no  coloura- 


tion occurs.  Ether,  when  shaken  with  a solution 
of  the  former,  acquires  an  orange-yellow  colour, 
whilst  with  the  latter  no  colour  is  extracted. 
Mordanted  wool  is  dyed  orange  by  the  former, 
yellow  by  the  latter.  Genuine  wine,  to  which 
no  caramel  has  been  added,  does  not  give  these 
reactions  (c/.  D’Aquiar  and  Da  Silva,  Compt. 
rend.  1897,  124,  408). 

Properties.  — Amorphous,  reddish-brown, 

brittle  mass  ; porous  and  deliquescent ; com- 
pletely soluble  in  water,  partially  soluble  in 
alcohol ; of  a more  or  less  bitter  taste  and  non- 
fermentable.  Melts  at  134°-136°. 

Little  is  known  of  the  chemistry  of  caramel. 
Gelis  (Ann.  Chim.  Phys.  1858  [hi.]  52,  352  ; 
1862,  [hi.]  65,  496)  separated  it  into  three 
amorphous  substances,  caramelan,  caramelen, 
and  caramelin,  differing  in  solubility  and  colour- 
ing power,  but  not  of  fixed  composition  without 
definite  melting-points,  or  crystalline  derivatives 
and  readily  forming  colloidal  solutions.  Their 
formation  from  sucrose  has  been  represented  by 
the  following  equations  : — 

(i)  6Ci2H220ii-12H20 

= 6Ci2Hi309  (caramelan) 

(ii)  6O12H22OU  — I8H2O 

=2CoftH.oOo,  (caramelen) 
(hi)  6C,2H  220,i-27H20 

=3C24H2gOi3  (caramelin) 

Stolle,  by  heating  caramelan  with  dilute (3  p.c.) 
hydrochloric  acid,  obtained  a hexose,  which 
gave  an  osazone  crystallising  in  j^ellow  needles, 
melting  at  179°. 

Cryoscopic  observations  by  Sabaneeff  and 
Antushevitch  (J.  Russ.  Chem.  Soc.  25,  23) 
would  seem  to  indicate  that  the  molecular 
weight  of  caramelan  is  much  higher  than  the 
above  formula  indicates.  They  point  out  that 
carbon  dioxide,  in  addition  to  water,  is  given  off 
in  its  formation.  They  allege  that  it  is  not  a 
carbohydrate,  but  has  the  composition 

C']  26^188080 

and  they  represent  its  production  from  sugar 
by  the  equation  : 

llC4  2H22Oii  = C4  25lIi8  3O8  0 + "7^02  + 271120 

Gelis  found  on  heating  sucrose  to  a tempera- 
ture of  180°- 190°  that  a loss  of  weight  of  12  p.c. 
gave  mostly  caramelan,  a loss  of  15  p.c.  Cara- 
melen, with  a loss  of  22  p.c.  caramelin,  was  the 
main  product.  On  treating  the  caramel  with 
84  p.c.  alcohol  the  caramelan  was  extracted, 
caramelen  and  caramelin  being  insoluble  in 
alcohol  of  this  strength.  The  caramelen  could 
be  removed  by  cold  water,  when  the  caramelin 
could  be  dissolved  out  by  60  p.c.  alcohol  or  hot 
water. 

Caramelan,  the  main  eonstituent  of  ordinary 
caramel,  is  a brown  brittle  solid  of  bitter  taste, 
deliquescent  and  very  soluble  in  water.  Softens 
at  108°.  The  aqueous  solution  gives  no  pre- 
cipitate with  metallic  salts,  but  reduces  silver 
nitrate  and  Barreswil’s  (Fehling’s)  solution.  An 
alcoholic  solution  of  lead  acetate  forms  a precipi- 
tate Ci2Hi608,Pb0  : an  ammoniacal  solution  of 
lead  acetate  gives  Ci2Hi6^As>2PbO  (Gelis). 

Caramelen  is  of  a darker  brown  than  cara- 
melan, and  is  not  deliquescent.  It  reduces 
Barreswil’s  (Fehling’s)  solution  and  forms  com- 
pounds with  lead  similar  to  those  of  caramelan. 
According  to  Gelis  its  composition  is  C3(;H48024 
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Caramelin  is  of  a still  darker  brown.  It 
appears  to  exist  in  three  modifications  of  which 
A is  soluble  in  cold  water,  B in  boiling  water,  and 
C is  insoluble.  The  modification  A passes  into 
B on  evaporating  its  aqueous  solution.  The 
soluble  forms  reduce  Barreswil’s  solution  and 
give  precipitates  with  metallic  salts.  All  varie- 
ties have  the  composition  CggHioaOsi  (flelis)- 

The  molecular  weight  of  ‘ caramel  ’ was  found 
by  Gladstone  and  Tribe  to  be  1700,  corresponding 
with  Gelis’  formula  for  caramelin. 

Stolle  (Zeitsch.  Riiben-Zucker  Industrie, 
1899,  49,  800;  1901,  51,  836;  1903,  53,  1149) 
found  on  heating  sucrose  that  no  carbon  dioxide 
or  other  volatile  products  were  formed  below 
180°,  and  that  caramelan  is  the  sole  product 
when  this  temperature  is  not  exceeded  and  the 
loss  is  not  greater  than  12  p.c.,  and  that  its 
formula  is  CijHigOg. 

The  action  of  heat  on  sucrose  has  been  further 
studied  by  Cunningham  and  Doree  with  special 
reference  to  the  production,  properties  and 
composition  of  caramelan  (Chem.  Soc.  Trans. 
1917,  111,  589).  They  found  on  heating 

sucrose  to  temperature  170°- 180°  that,  in 
addition  to  water,  pungent  acrid  vapours, 
furfuraldehyde  and  carbon  dioxide  were  evolved, 
but  that  if  the  loss  of  weight  did  not  exceed 
12  p.c.,  caramelan  free  from  sucrose  and  higher 
caramel  products  was  the  sole  product.  When 
quite  dry  it  melts  at  136°,  is  readily  soluble  in 
water,  84  p.c.  alcohol,  pyridine,  methyl  alcohol, 
or  hot  glacial  acetic  acid,  insoluble  in  ether  and 
benzene.  A concentrated  aqueous  solution 
acidified  with  hydrochloric  acid  gives  a red 
precipitate  with  resorcinol,  soluble  in  alcohol  or 
alkalis.  Phloroglucinol  gives  a similar  precipi- 
tate of  a deeper  colour.  It  forms  a tetra-acetate, 
yellow  powder,  insoluble  in  water  or  ether,  but 
soluble  in  benzene,  hot  alcohol,  or  glacial  acetic 
acid,  m.p.  107°  ; a tetra-henzoate,  a pale  bufi- 
coloured  powder,  m.p.  105°-108°,  soluble  in 
acetone,  chloroform,  alcohol  or  benzene,  in- 
soluble in  water,  ether,  or  light  petroleum  ; a 
tetranitrate,  a yellow  powder  which  inflames 
violently  on  warming  ; readily  soluble  in  ether, 
alcohol  or  benzene,  insoluble  in  water. 

It  appears  to  be  a tetra-atomic  alcohol,  of  the 
molecular  formula  CigHigOg,  or,  more  probably, 
C24H36O1S.  Compounds  formed  with  phenyl- 
hydrazine  and  semicarbazide  indicate  the 
existence  of  one  CO-  or  CHO -grouping  per  C24 
unit.  Concentrated  nonoxidising  acids  convert 
it  into  caramelin  C24H  260  ^3  ; weaker  solutions 
hydrolyse  and  dehydrate,  producing  dextrose, 
methylfurfuraldehyde  and  humic  acid. 

Detection  and  estimation  of  caramel. 

Detection  of  caramel  in  wines,  <&c. — 10  c.c.  of 
the  liquid  to  be  tested  is  mixed  with  30  to  50  c.c. 
of  paraldehyde,  and  enough  alcohol  added  to 
make  the  liquids  mix  ; if  caramel  is  present,  it 
forms  a dirty-brown  precipitate  sticking  to  the 
bottom  of  the  vessel ; the  solution  is  poured  off, 
the  precipitate  washed  with  alcohol,  dissolved 
in  a little  hot  water,  and  the  solution  evaporated  ' 
to  1 C.C.,  when  different  quantities  of  caramel 
may  be  compared  by  comparison  of  colours  to 
confirm  ; this  solution  is  mixed  with  one  of  2 
parts  hydrocliloride.  of  phenylhydrazine  in  20  , 
of  water,  with  excess  of  acetate  of  soda.  Caramel  ! 
yields  an  amorphous  brown  precipitate.  i 


To  detect  caramel  in  vinegar  50  c.c.  are  mixed 
with  an  excess  of  calcium  carbonate  and 
evaporated  to  dryness.  The  mass  is  then  ex- 
tracted with  20  c.c.  of  ether ; the  ethereal 
solution  is  filtered  into  a test-tube  containing 
10  c.c.  of  resorcinol  reagent  (1  gram  of  resorcinol 
in  100  c.c.  of  hydrochloric  acid  of  sp.gr.  1T25). 
Should  caramel  be  present  in  the  vinegar,  a red 
zone  is  obtained  at  the  junction  of  the  two 
liquids  (Ronnel,  Ann.  Falsif.  1912,  5,  517).  The 
reaction  is  due  to  the  presence  of  hydroxy- 
methylfurfural,  which  also  yields  a violet 
colour  with  ^-naphthol  in  sulphuric  acid,  and  an 
orange-yellow  colouration  with  phenol  in  sul- 
phuric acid.  The  liquid  to  be  tested,  wine, 
vinegar,  brandy,  &c.,  is  neutralised  if  acid, 
concentrated  to  a small  bulk,  extracted  with 
ether,  the  ethereal  extract  treated  with  a few 
drops  of  a 5 p.c.  sol.  of  phenol  in  ether,  and 
allowed  to  evaporate.  The  residue  is  mixed 
with  about  5 c.c.  sulphuric  acid,  when  the 
characteristic  colour  appears  (Schenk,  Apoth. 
Zeit.  1914,  29,  202  ; J.  Soc.  Chem.  Ind.  1914, 
369). 

Amthor’s  method,  which  is  the  only  one 
capable  of  distinguishing  between  caramel  and 
the  colouring  matters  of  colour  malts,  is  as 
follows  : 10  c.c.  of  the  beer  or  other  liquid  is 
treated  with  30-50  c.c.  of  paraldehyde,  according 
to  the  intensity  of  colour,  and  absolute  alcohol 
is  added  until  the  liquids  mix.  If  the  mixture 
is  left  for  24  hours  a brownish  precipitate  forms 
in  presence  of  caramel.  This  precipitate  is 
washed  with  absolute  alcohol,  dissolved  in  hot 
water,  filtered,  and  the  solution  concentrated 
to  1 c.c.  in  vacuo  over  sulphuric  acid.  From  the 
intensity  of  its  colour  the  quantity  of  caramel 
can  be  estimated.  Or  the  filtered  solution  of 
the  paraldehyde  precipitate  may  be  poured  in  a 
solution  of  phenyl-hydrazine  acetate,  when  if 
caramel  be  present  a precipitate  slowly  forms, 
more  quickly  on  warming.  F.  Heuss  (Zeitsch. 
ges.  Brauw.  1918,  41,  108-124  ; Abtr.  J.  Inst. 
Brewing,  1918,  312). 

Bough  test  for  caramel  in  beer. — Add  a 
quantity  of  tannic  acid,  and  shake  thoroughly. 
If  malt  only  is  present,  the  colour  is  precipi- 
tated. Caramel  colour  remains  unchanged. 

Contrary  to  the  statement  of  Pasquero  and 
Cappa  the  presence  of  furfural  is  not  a sufficient 
proof  of  caramel  unless  the  caramel  has  been 
added  after  fermentation. 

Fradiss  (Chem.  Zentr.  1899,  i.  1160)  deter- 
mines the  amount  of  caramel  in  sugar  products 
by  treating  the  dry  substance  with  methyl 
alcohol  of  95°,  evaporating  on  the  water-bath, 
drying  the  residue  in  vacuo,  or  in  a current  of 
dry  air,  and  again  digesting  it  with  methf^l 
alcohol  for  2 hours.  Tlie  caramel  is  precipitated 
from  the  solution  by  amyl  alcohol,  the  precipi- 
tate redissolved,  reprecipitated  once  or  twice 
more,  and  finally  dried  at  90°  and  weighed.  The 
caramel  may  also  be  determined  by  titrating 
with  Barreswil’s  solution,  but  if  dextrose  is 
present,  it  is  necessary  to  titrate  the  original 
solution  before  and  after  treatins:  with  excess  of 
lead  acetate.  Then  if  A=c.c.  of  copper  solution 
required,  a=c.c.  of  original  solution  required  for 
5 c.c.  of  copper  solution,  the  volume  of  the  copper 
solution,  corresponding  with  the  caramel,  is 
5 (a— A).  Allowance  must  also  be  made  for 
the  amount  of  lead  acetate  solution  (jV  vol.) 
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used.  The  dextrose  may  also  be  destroyed  by 
boiling  with  calcium  carbonate  and  then  pre- 
cipitating with  carbon  dioxide.  Traces  of 
caramel  are  estimated  by  treating  200  c.c.  of  the 
solution  with  excess  of  ammoniacal  lead  acetate. 
The  precipitate,  after  washing  with  water  free 
from  carbonic  acid,  is  suspended  in  water  and 
decomposed  with  hydrogen  sulphide.  The 
filtrate  is  again  treated  with  lead  aeetate,  and 
the  solution,  from  which  the  hydrogen  sulphide 
has  been  expelled  by  evaporating  to  10  c.c.,  is 
treated  with  copper  solution. 

Stolle  (Chem.  Zentr.  1899,  ii.  1099)  bases  a 
method  of  determining  caramel  by  means  of  the 
spectroscope  on  the  fact  that  aqueous  solutions 
of  that  substance  partially  absorb  the  rays  of 
the  blue  end  of  the  spectrum.  The  results  are 
said  to  be  accurate  to  within  0’05  p.c. 

Methods  for  estimating  the  amount  of 
caramel  on  the  surface  of  coffee  berries  roasted 
with  sugar,  have  been  suggested  by  Neubauer, 
Konig,  Stutzer,  and  Hilger.  These  methods 
have  been  tested  by  Fresenius  and  Griinhut 
(Zeitsch.  anal.  Chem.  1897,  36,  225),  who  give 
the  preference  to  the  method  of  Hilger. 

Stutzer’s  method,  which  consists  in  shaking 
10  grams  of  the  unground  coffee  for  5 minutes 
with  250  c.c.  of  cold  water,  making  up  to  500  c.c., 
decanting,  filtering,  and  determining  the  solid 
contents  (dried  at  100°),  and  the  ash,  was  re- 
commended by  the  Conference  of  Bavarian 
Technical  Chemists.  Neubauer’s  and  Konig’s 
processes,  which  depend  on  the  extraction  of  the 
berries  with  hot  water,  give  too  high  results. 

In  Hilger’s  process,  10  grams  of  whole  coffee 
are  digested  three  times  for  half  an  hour  each 
time,  with  100  c.c.  of  a mixture  of  equal  vols.  of 
water  and  90  p.c.  alcohol  at  ordinary  tempera- 
tures. Each  portion  of  the  extract  is  decanted, 
and  the  united  extracts  are  made  up  to  500  c.c., 
filtered,  and  residue  and  ash  determined.  If, 
from  the  numbers  thus  obtained,  there  is 
deducted  a constant  11-07  of  dry  residue,  or 
0-83  of  ash-free  residue  per  100  grams  of  dry 
coffee,  the  remainder  represents  the  amount  of 
caramel  present. 

Upsher  Smith  (Amer.  J.  Pharm.  1911,  83, 
411)  suggests  employing  the  coloured  solution 
prepared  by  adding  Nessler’s  reagent  to  a solu- 
tion of  an  ammonium  salt  as  a colorimetric 
test.  As  an  arbitrary  value  for  the  colour 
intensity  of  caramel,  a ‘ 100  p.c.’  caramel  is 
regarded  as  that  which  has  such  a colouration 
that  10  c.c.  of  its  O'l  p.c.  solution  when  treated 
with  2 c.c.  of  the  Nessler  reagent  and  diluted 
to  50  c.c.  matches  the  colour  obtained  by  mixing 
10  c.c.  of  a solution  containing  0‘0417  gram  of 
ammonium  oxalate  in  a litre,  38  c.c.  of  water  and 
2 c.c.  of  Nessler  solution. 

CARANNA  V.  Oleo  -RESINS. 

CARAPA  BARK.  The  bark  of  Carajpa 
Guianensis,  has  a bitter  taste,  and  is  used  as 
a febrifuge.  Said  to  contain  an  alkaloid,  cara- 
pine  (Petroz  and  Robinet,  J.  Pharm.  7,  293, 
349). 

CARAPA  OIL.  ‘ Carap  Oil  ’ or  ‘ Crab  Oil  ’ 
(Fr.  Huile  Cara'pe),  is  obtained  from  the  seeds  of 
the  ‘ carap,’  ‘ crappo  ’ or  ‘ crab- wood  ’ tree, 
Carapa  Guianensis  (Aubl.),  a native  of  the  West 
Indies  and  Central  America. 

The  oil  is  prepared  in  Trinidad  for  local  con- 
sumption by  very  primitive  methods.  Accord- 


ing to  do  Verteuil  (Trinidad,  London,  1858,  272), 
the  seeds  are  gathered  in  June  and  July,  boiled 
for  6 hours,  then  laid  in  heaps  for  8 or  10  days, 
during  which  time  they  undergo  a sort  of 
fermentation ; they  are  then  broken,  and  the 
pulp  they  contain  carefully  taken  out  and 
kneaded  into  lumps  of  thick  paste,  each  about 
15  lbs.  This  paste  is  laid  on  boards  slightly  in- 
curvated  and  inclined,  and  placed  in  a sheltered 
place,  when  the  oil  oozes  through  the  mass,  and 
runs  into  a vessel  placed  for  its  reception.  The 
paste  is  carefully  remoulded  every  morning  and 
evening,  so  as  to  favour  the  disengagement  of 
the  oil.  After  12  days,  boiling  water  is  poured 
on  the  mass,  and  a fresh  quantity  of  oil  of 
inferior  quality  is  thereby  obtained.  It  is  a 
clear  yellow  oil  with  a faint  vegetable  odour,  and 
an  intensely  bitter  taste  which  precludes  its 
use  as  an  edible  oil.  It  is  used  locally  as  an 
embrocation  against  rheumatism  and  for  the 


destruction  of  ticks  which  attaek  domestic 
animals  (de  Verteuil,  The  Agricultural  Record, 
Trinidad,  August,  1899,  17).  It  has  considerable 
reputation  as  a liniment  for  dressing  wounds  on 
horses  and  cattle.  Its  excessive  bitterness  re- 
pels all  insects,  and  mixed  with  tar  is  used  for 
preserving  wood.  It  is  well  suited  for  the 
manufacture  of  soap,  and  it  is  in  this  direction 
♦that  its  future  possibilities  lie. 

The  oil  from  C.  grandiflora,  from  Uganda, 
has  been  examined  by  Lewkowitsch  (Analyst, 
1908,  33,  184).  Good  kernels  contained  30-26 
p.c.  of  oil.  The  colour  of  the  cold-pressed  oil 
was  almost  white,  with  a tinge  of  pale  yellow. 
At  the  ordinary  temperature,  it  solidifies.  The 
hot-pressed  oil  is  much  darker  in  colour,  and 
remains  solid  at  the  ordinary  temperature. 

Lewkowitsch  (Analyst,  1909,  34,  10)  has 
also  examined  the  oil  from  G.  procera  (D.C.), 
the  seeds  being  obtained  from  Sierra  Leone. 
The  sound  kernels  yielded  by  extraction  with 
ether  57-26  p.c.  of  oil ; whilst  the  yield  of  oil  by 
cold  and  hot  extraction  at  a pressure  of  150 
atmospheres  was  46-7  p.c. 

The  following  analytical  results  are  due  to 
0.  H.  Wright  (Bull.  Hept.  Agric.  Trinidad,  ix. 


1910)  :- 


I. 


II. 


Specific  gravity  at  40°/40°C.  0-9149 

Specific  gravity  at  15-5°/15-5°C.  0-9249  0-9211 
Acid  value  . . . 27 ’5  19-4 

Saponification  value  . 197'2  196-1 

Iodine  value  . . . 67’7  58-5 

Reichert  Meissl  value  . 3-8  3 6 

Unsaponifiable  matter  . — 1-16 


CARAWAY  FRUIT.  Garni  frucMts,  B.P. 
The  dried  ripe  fruit  of  Carum  Garri  (Linn.). 

CARAWAY  OIL  v.  Oils,  Essential. 

CARBAMIC  ACID  CH3NO2  or  NH^COOH. 
Aminoformic  acid.  An  acid  not  known  in  the 
free  state.  Ammonium  carbamate  is,  however, 
met  with  in  freshly  sublimed  commercial  ammo- 
nium carbonate,  and  may  be  prepared  by  mixing 
gaseous  ammonia  and  carbon  dioxide.  Obtained 
also  by  the  action  of  alkaline  solution  of  potas- 
sium permanganate  on  albumen,  leucine,  tyro- 
sine, and  glycocoll. 

CARBAZOLE  G,  0H9N  or  ^ 

white  crystalline  substance  found  amongst  the 
products  of  the  distillation  of  coal  tar,  and 
also  mot  with  in  crude  anthracene.  Carbazole 
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compounds  are  most  easily  recovered  from  crude 
anthracene  by  converting  the  former  into  the 
easily  soluble  nitrosocarbazole  (Wirth,  Eng.  Pat. 
14462  ; J.  8oc.  Chem.  Ind.  1901,  464).  May  be 
obtained  by  passing  vapour  of  aniline  or  di- 
phenylamine  through  a red-hot  tube  ; by  boil- 
ing iminodiphenyl  sulphide 

with  reduced  copper ; by  passing  the  vapour  of 
orthoaminodiphenyl  over  lime  heated  to  a dull 
redness  (Blank,  Ber.  1891,  306)  ; or  by  acting 
on  orthoaminodiphenylamine  with  nitrous  acid 
and  heating  the  phenylazimidobenzene  so  formed 
to  360°  (Graebe  and  Ullmann  Annalen,  291,  16). 
Forms  white  laminse,  m.p.  238°,  b.p.  351 ‘5° 
(corr.).  Carbazole  dissolves  in  concentrated 
sulphuric  acid  to  a yeHow  solution  which  changes 
to  red- violet  on  heating.  Addition  of  formalde- 
hyde gives  a blue  solution  changing  to  a greenish - 
blue  on  addition  of  large  quantities  (Gabretti, 
Chem.  Zentr.  1907,  ii.  98).  1 mol.  carbazole, 

2 mols.  salicylaldehyde  and  concentrated  sul- 
phuric acid,  heated  to  100°-110°,  give  an  in- 
tense blue  colour  (Carrara,  Gazz.  chim.  ital.  1899, 
ii.^535). 

By  melting  together  carbazole  and  oxalic 
acid,  and  extracting  with  hot  water  and  benzene, 
dissolving  the  residue  in  warm  alcohol,  filtering 
and  evaporating,  carbazole  blue  is  obtained. 
The  alcoholic  solution  of  carbazole  blue,  when 
treated  with  glacial  acetic  acid  and  zinc-dust,  is 
decolourised.  Filtered  into  caustic  soda  solu- 
tion, the  leuco-  base  separates  out  as  a white 
flocculent  precipitate.  On  oxidation  with  any  of 
the  usual  reagents,  the  blue  colouring  matter  is 
again  formed  (Bamberger  and  Muller,  Ber.  1887, 
1903  ; J.  Soc.  Chem.  Ind.  1887,  660).  Carba- 
zole yelloio  is  prepared  fiom  the  tetrazo-  derivative 
of  diaminocarbazole.  It  is  easily  soluble  in 
water,  and  dyes  unmordanted  cotton  in  a neutral 
bath  a fast  golden  yellow,  and  wool  in  a neutral 
or  acid- bath  a yellow,  fast  to  milling  (Bad. 
Anil,  and  Sod.  Fab.  Eng.  Pat.  14478  and  14479  ; 
J.  Soc.  Chem  Ind.  1889,  771)  {v.  Azo-  colouring 
matters). 

Nitrocarbazole  is  obtained  by  treating  nitro- 
socarbazole with  10  times  its  weight  of  benzene 
and  its  own  weight  of  nitric  acid ; sp.gr.  1 ’SO 
(Wirth,  Eng.  Pat.  2899  ; D.  R.  P.  128853  ; J. 
Soc.  Chem.  Ind.  1901,  890).  Dinitrocarbazoles, 
V.  Bad.  Anil.  u.  Sod.  Fab.  (D.  R.  P.  46438 ; 
Frdl.  ii.  447)  ; Wirth  (D.  R.  P.  128853  ; Frdl. 
vi.  58)  ; Trinitrocarbazole  (Akt.  Ges.  f.  anilinfab. 
I).  R.  P.  295817).  These  nitro-  compounds 
miy  be  reduced  to  the  amino-  compounds  by 
means  of  alkali  sulphides  (Wirth,  D.  R.  P. 
139568  ; Chem.  Zentr.  1903,  i.  746).  By 
heating  carbazole  with  concentrated  sulphuric 
acid,  a mixture  of  disulphonic  and  trisulphonic 
acids  is  obtained.  Nitration  and  subsequent 
reduction  of  the  former  yields  aminocarbazole- 
disulphonic  acid,  which,  when  diazotised  and 
coupled  with  y8-naphthol,  yields  a dyestuff 
dyeing  red  from  an  acid-bath.  If  the  nitric  acid 
is  added  direct  to  the  products  of  sulphonation, 
on  reduction  a second  amino-  acid  is  obtained 
which,  when  diazotised  and  coupled  with 
^-naphthol,  gives  a red  dyestuff,  and  with 
a-naphthylamine  a violet  (Schultz  and  Hauen- 
stein,  J.  pr.  Chem.  1907,  336).  The  sulphonic 
acids,  preferably  the  disulphonic,  condense 
with  tetralkyldiamino  diphenylcarbinol  to  yield 


valuable  green  dyestuffs  (Cassella  & Co.  Eng. 
Pat.  20709 ; J.  Soc.  Chem.  Ind.  1909,  697). 
By  allowing  nitrosophenol,  its  homologues  or 
derivatives  to  act  on  carbazole  in  the  presence 
of  cone,  sulphuric  acid,  compounds  are  obtained 
which  yield  blue  sulphide  dyestuffs  with  alkali 
polysulphides  (Haas,  Eng.  Pat.  2918  ; J.  Soc. 
Chem.  Ind.  1909,  517).  For  N-acyl  derivatives 
of  carbazole,  see  Copisarow,  Chem.  Soc.  Trans. 
1918,  816. 

A method  has  been  patented  (Ch.  Fab.  Act. 
Gesell.  in  Hamburg,  D.  R.  P.  81237  ; Ber.  1895, 
iv.  692)  for  obtaining  potassium  cyanide  or 
ferrocyanide,  by  heating  the  potassium  deriva- 
tive of  carbazole  in  the  absence  or  presence  of  an 
iron  salt. 

CARBITE.  An  explosive  consisting  of  nitro- 
glycerine (25),  potassium  nitrate  (34),  flour  (38*5), 
barium  nitrate  (1),  powdered  bark  (1),  and 
sodium  carbonate  (0*5  part). 

CARBODYNAMITE  v.  Explosives. 

CARBOHYDRATES.  The  term  is  applied 
to  polyhydroxy-aldehydes  and  ketones,  and  to 
the  substances  which  give  these  when  hydrolysed 
by  heating  with  mineral  acids.  Dextrose, 
ordinary  sugar  or  sucrose,  starch,  and  cellulose 
are  carbohydrates  universally  distributed  in 
plants.  Dextrose  and  glycogen  enter  into  the 
composition  of  animal  tissues.  The  simple 
carbohydrates,  monosaccharides,  have  the  em- 
pirical composition  CHgO,  the  most  important 
being  those  containing  5 or  6 atoms  of  carbon. 
The  complex  carbohydrates,  polysaccharides, 
are  built  up  from  two  or  more  simple  carbohy- 
drates with  the  elimination  of  water  ; they  have 
the  composition  (C6Hjo05)nH20  (Kiliani,  Chem. 
Zentr.  1908,  32,  366).  Compounds  in  which  n 
equals  1,  2,  3,  or  4 are  distinguished  by  names 
having  the  suffix  -ose.  They  may  be  conveniently 
grouped  as  follows  : — 

1.  Monosaccharides. 

(а)  Pentoses  C5H10O5,  e.g.  arabinose,  xylose. 

(б)  Hexoses  CgHigOe,  aldoses,  e.g.  dextrose, 
mannose,  galactose ; ketoses,  e.g.  Isevulose, 
sorbose. 

2.  Disaccharides  ; %=2.  Ci2H22C)ii* 

(а)  Non-reducing,  e.g.  sucrose,  trehalose. 

(б)  Reducing,  e.g.  maltose,  lactose,  &c. 

3.  Trisaccharides  : w = 3.  Ci8H320ig.  Gen- 
tianose,  raffinose,  melezitose. 

4.  Tetrasaccharides  : n^A.  C24H42021.  Sta- 
chyose. 

5.  Polysaccharides  : 

[а)  Glycogen,  inulin,  dextrins,  n unknown. 

(б)  Starch,  cellulose,  n very  large. 

Related  to  the  carbohydrates  are  those 

substances  which  yield  simple  carbohydrates, 
together  with  other  substances  when  hydrolysed. 
Such  are  glucosides,  gums,  pectins,  &c.  {q.v.). 

Oeneral  characters. — The  members  of  classes 
!l,  2,  3,  4,  and  5a  are  soluble  in  water.  They 
have  a more  or  less  pronounced  sweet  taste. 
The  monosaccharides  are  colourless  crystalline 
compounds,  characterised  by  the  power  of 
reducing  alkaline  solutions  of  the  heavy  metals, 
i for  example,  copper.  They  form  characteristic 
j compounds  with  phenylhydrazine. 

The  di-  and  poly-saccharides  are  converted 
I into  simple  carbohydrates  when  hydrolysed. 
This  change  may  be  effected  by  means  of  mineral 
acids,  or,  as  a rule,  more  quickly  by  enzymes. 

! The  complicated  polysaccharides  are  usually 


CARBOHYDRATES. 


25 


amorphous  ; they  tend  to  form  colloidal  solu- 
tions, and  are  chemically  relatively  inert.  In 
virtue  of  the  hydroxyl-  groups  which  they  con- 
tain, they  react  with  acetyl  chloride,  benzoyl 
chloride,  nitric  acid,  &c.,  forming  esters. 

Carbohydrate  solutions  are  generally  optically 
active.  The  direction  and  amount  of  the 
rotation  vary  with  the  substance,  and  also 
with  the  strength  of  the  solution,  the  nature  of 
the  medium,  the  temperature,  &c.  The  optical 
rotatory  power  of  carbcrhydrates  is  made  use  of 
in  their  analyses  (i?.  Saccharimetry),  and  as  a 
guide  to  their  structure. 

Interesting  generalisations  have  been  drawn 
by  Hudson  affecting  the  molecular  rota- 
tions of  a and  j8  forms  of  sugars.  It  is 
now  generally  accepted  that  the  difference 
between  the  molecular  rotations  of  the  a and 
J3  forms  of  mutarotatory  sugars  is  a constant. 
The  compounds  selected  show  considerable 
diversity  of  type  and  discordant  results  have 
from  time  to  time  been  explained  away  by 
showing  that  the  compound  in  question  is 
derived  from  other  than  the  a and  j8  forms  of 
the  sugar  (cf.  Hudson,  J.  Amer.  Chem.  Soc.  1917, 
39,  1013).  The  maximum  values  for  the 
specific  rotations  are  now  arrived  at  by  the 
indirect  method  based  on  solubility  measure- 
ments (Lowry,  Chem.  Soc.  Trans.  1904,  85,  1551  ; 
Hudson,  J.  Amer.  Chem.  Soc.  1904,  26,  1065). 
The  asymmetric  system  attached  to  the  a-carbon 
atom  exerts  a preponderating  influence  on  the 
activity  of  these  compounds  and  determines 
the  sign  of  the  rotation. 

Hudson’s  generalisation  have  enabled  the  opti- 
cal rotatory  power  of  carbohydrate  derivatives  to 
be  used  as  an  important  guide  to  their  structure. 

Constitutional  formula  of  Dextrose. — In  addi- 
tion to  those  carbohydrates  which  occur  na- 
turally, a number  of  others  have  been  prepared 
artificially  by  Emil  Fischer,  and  it  is  largely  to 
his  work  that  the  present  complete  knowledge 
of  the  group  is  due.  (Fischer’s  original  work 
has  been  republished,  Enters uchungen  fiber 
Kohlenhydrate,  Berlin,  1909,  J.  Springer.) 

Dextrose  and  its  isomerides  OgHjgOg,  con- 
veniently termed  glucoses,  have  5 oxygen 
atoms  present  as  ‘ hydroxyl,’  since  they  form 
esters  such  as  dextrose  pentacetate 

C6H70(0-C0-CH3)5 

The  sixth  oxygen  behaves  as  an  aldehyde  in 
dextrose  and  galactose,  as  a ketone  in  Isevulose 
and  sorbose.  The  two  classes  of  compounds  are 
accordingly  refeired  to  as  aldoses  and  ketoses. 
Reduction  converts  the  glucoses  into  alcohols 
CgHj^Og,  dextrose  yielding  sorbitol  and  mannitol, 
and  galactose  forming  dulcitol.  Secondary 
hexyliodide,  a derivative  of  normal  hexane,  is 
formed  by  the  action  of  hydrogen  iodide  ; hence 
the  glucoses  must  possess  aU  their  six  carbon 
atoms  united  in  normal  chain. 

Dextrose  on  oxidation  yields,  in  the  first 
place,  gluconic  acid  C5Hg(0H)r/C02H  which 
retains  all  six  carbons  and,  like  dextrose,  forms 
a pentacetyl  ester.  Further  oxidation  converts 
it  into  saccharic  acid  CgH^o^s-  Galactose 
behaves  similarly,  yielding  the  isomeric  galac- 
tonic,  and  mucic  acids.  Taking  further  into 
consideration  the  reducing  power  of  dextrose, 
the  constitutional  formula  may  be  written  : 

CH2(0H)-CH(0H)-CH(0H)-CH(0H)-CH(0H)-CH0 


This  formula  does  not  fully  express  the 
behaviour  of  dextrose,  which  lacks  many  of  the 
well-attested  properties  of  the  aldehydes  ; for 
example,  it  is  not  oxidised  in  the  air,  and  does 
not  show  their  various  colour  reactions.  Tollens, 
in  1883,  therefore,  proposed  the  lactonic  or 
7-oxide  formula  (i.),  which  may  also  be  written 
(ii.)  : 


^CH(OH) 

I 

CH(OH) 


H— C— OH 
HCOH 


O 


0 


CH(OH) 

I 

CH 


HOCH 

HC^ 


CH(OH) 


HCOH 


(]h2(OH)  CH2OH 

(i-)  (ii-) 

This  formula  (i.  or  ii.)  is  in  entire  agreement 
with  the  reactions  of  dextrose,  and  has  been 
generally  adopted.  It  is  supposed  that  in 
presence  of  alkalis  and  other  reagents  the 
7-oxide  ring  opens,  forming  the  aldehyde. 

The  discovery  of  a third  methyl  glucoside 
(Fischer,  Ber.  1914,  47,  1980)  and  of  ad- 
ditional isomerides  of  other  glucose  deriva- 
tives (Hudson,  J.  Amer.  Chem.  Soc.  1915,  37, 
1589,  1591  ; 1916,  38,  1223)  has  involved  the 
recognition  of  a different  internal  linking  in  the 
sugar  molecule.  The  oxygen  atom  may  connect 
other  pairs  of  atoms  as  well  as  the  1st  and  4th. 
The  new  form  of  sugar  termed  7-glucose 
(dextrose)  obtained  from  this  glucoside  has  not 
been  isolated  in  the  free  state,  but  its  tetra- 
methyl  derivative  is  known  (Irvine,  Chem.  Soc. 
Trans.  1915,  107,  524).  This  is  far  more 
reactive  than  the  corresponding  derivatives  ol 
a-  or  /8-dextrose ; it  condeftses  with  alcohol 
with  extreme  ease  and  instantly  reduces  alkaline 
permanganate  solution,  giving  rise  to  a new  form 
of  tetramethyl  gluconic  acid. 

The  work  of  Tanret  (Compt.  rend.  120,  1060) 
has  shown  that  dextrose  exists  in  more  than 
one  form.  In  addition  to  the  hydrated  and 
anhydrous  modifications,  he  isolated  two  other 
anhydrous  modifications.  These  differed  par- 
ticularly in  optical  rotatory  power.  Tanret 
described  as  a-dextrose  having  [a]j)  + 110°  when 
first  dissolved,  and  falling  in  aqueous  solution ; 
a /8-dextrose  having  [a]j)  + 19°,  and  increasing 
in  solution  ; and  a dextrose  having 
and  remaining  constant  in  solution.  This 
modification  was  called  7-dextrose  by  Tanret. 
It  is  not  the  same,  of  course,  as  the  7-glucose 
mentioned  above.  It  had  long  been  known 
that  the  optical  rotatory  power  of  freshly 
dissolved  dextrose  diminished  to  about  one-half 
its  initial  value  in  solution,  and  the  term  muia- 
rotation  or  bi-rotation  was  applied  to  this 
phenomenon. 

Dubrunfaut  aseribed  the  change  to  purely 
physical  causes.  Fischer  considered  that  the 
aldehyde  dextrose  underwent  hydration  to  an 
alcohol  CgH4407  of  lower  rotatory  power.  In 
view  of  Tanret’s  discoveries,  it  is  now  considered 
that  the  change  in  rotatory  power  is  due  to  the 
mutual  interconversion  of  the  a-  and  /8-dextroses, 
until  equilibrium  is  attained.  Tanret’s  7-dextrose 
represents  such  an  equilibrium  mixture.  It  is 
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supposed  that  both  a and  ^-dextrose  have  a 
closed  7-oxide  ring  structure,  and  it  is  still  a 
matter  of  controversy  whether  some  propor- 
tion of  open-chain  aldehyde  is  present  in  solu- 
tion in  the  equilibrium  mixture.  (For  the 
full  discussion  of  this  question,  see  E.  F.  Arm- 
strong’s The  Simple  Carbohydrates,  Longmans, 
1919). 

To  understand  fully  the  relation  of  a-  to  8- 
dextrose,  it  is  necessary  to  refer  to  the  van’t 
Hoff-Le  Bel  conception  of  space  isomerism. 
Chemical  compounds  which  rotate  the  plane  of 
polarised  light  contain  an  asymmetric  carton 
atom,  that  is,  one  in  which  the  four  affinities  are 
satisfied  by  four  distinct  radicals.  Such  a 
carbon  atom  is  considered  as  lying  in  the  centre 
of  a tetrahedron,  and  each  of  the  four  different 
radicals  with  which  it  is  combined  as  being  at 
the  four  solid  angles  thereof.  Two  modifica- 
tions of  the  compound  are  possible,  which  are 
related  to  one  another  like  an  object  and  its 
reflected  image. 

In  the  Tollens  formula  for  dextrose,  the 
carbon  atom  (C)  has  the  four  different  groups, 
H,  OH,  the  oxygen  of  the  ring,  and  the  complex 
C5Hj^o04  attached  to  it.  It  is  asymmetric,  and 
two  isomerides  are  possible,  which  are  repre- 
sented on  a plane  surface  by  writing  H and  OH 
on  one  or  other  side  of  the  carbon  atom,  as^the 
following  formulae  show  : — 

HO— C— H H— C— OH 
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HCOH 
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HOCH 

\/ 

HC 
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HCOH 
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HOCH 

\/ 
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HCOH  HCOH 

I I 

CH^-OH  CHg-OH 

a-Dextrose.  jS-Dextrose. 

Corresponding  to  these  two  isomeric  forms, 
dextrose  gives  rise  to  a double  series  of  deriva- 
tives. 

The  compound  represented  by  the  formula 

CH2(0H)-CH(0H)-CH(0H)-CH(0H)-CH(0H)-CH0 
contains  four  asymmetric  carbon  atoms 
(marked  *),  and  should,  therefore,  be  capable 
of  existing  in  16  stereoisomeric  forms,  8 of 
which  would  be  mirror  images  of  the  other 
8,  and  of  equal  but  opposite  rotatory  power. 

The  carbohydrate  group  has  afforded  a unique 
opportunity  of  testing  this  hypothesis,  and 
although  only  three  of  the  isomerides  occur 
naturally,  no  less  than  12  have  been  prepared 
artificially  by  Fischer,  who  has,  in  addition, 
made  them  in  such  ways  that  their  structure  is 
established. 

The  known  aldoliexoses  are  the  dextro-  and 
Isevo-  isomerides  of  mannose,  dextrose,  idose, 
gulose,  galactose,  and  talose.  Two  further 
isomerides,  namely,  d-allose  and  r7-altrose,  were 
obtained  by  Levene  and  Jacobs  in  1910  (Ber. 
4.3,  3141),  starting  from  J-ribose.  This  is  a i 
component  of  many  nucleosides,  and  so  a j 
considerable  quantity  had  been  accumulated  for  i 
the  purpose  of  applying  the  cyanohydrin  process.  I 
It  will  suffice  to  give  the  constitutional  formulae  j 
as  establislied  by  Fischer  of  the  natural 
members  ; — i 
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Galactose. 


Mannose  and  galactose,  like  dextrose,  exist 
; in  a-  and  /3-  forms,  and  it  is  more  correct  to 
write  their  formulae  in  the  form  adopted  for  a- 
i and  y8-dextrose. 

[ As  is  to  be  expected,  the  isomeric  glucoses 
I differ  but  little  in  their  chemical  behaviour. 

Formula  of  Lcevulose. — Laevulose,  when  oxi- 
dised, forms  glycollic  and  trihydroxyglutaric  acid, 
or  other  acids  with  less  than  6 carbon  atoms. 
It  forms  an  additive  compound  with  hydrogen- 
cyanide,  which  yields  laevulose  carboxylic  acid 
C7Hj408  on  hydrolysis  ; and  this,  when  boiled 
with  hydriodic  acid,  is  converted  into  methvl- 
butylacetic  acid  C4H9-CHMe-C02H.  This  be- 
haviour establishes  laevulose  as  a ketohexose.  It 
has  the  formulae  : 
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Fischer  formula.  y-Oxide  formula. 

Fructose  shows  a pronounced  tendency  to 
exist  in  reactive  forms  other  than  the  normal 
7- oxide  type — probably  many  of  its  compounds, 
including  sucrose,  are  derived  from  the  ethylene 
oxide  type 

0H*CH2*[CH-0H]2-CH-C(0H)-CH2-0H 

\o/ 

The  ethylene  oxide  form  of  methyl  fructoside 
readily  condenses  with  acetone  and  rapidly 
reduces  permanganate. 

Formulce  of  the  Pentoses  and  Tetroses.- — Eight 
aldopentoses  are  possible,  of  which  seven  have 
been  artificially  prepared,  viz.  d-  and  Z-arabinose 
and  xylose,  J-lyxose,  and  d-  and  Z-ribose.  The 
two  most  common  naturally  occurring  pentoses 
have  the  constitutional  formulae  : 
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Z-Aral)inose. 
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Z-Xylose. 


Like  dextrose,  they  occur  in  two  forms,  and 
are  more  correctly  written  with  a y- oxide 
structure.  A pentose  believed  to  be  rZ-arabinose 
has  been  isolated  from  the  glucoside  barbaloin 
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(Leger).  Levene  (Ber,  1909,  42,  3247  ; 1910, 
43,  3147)  obtained  d-ribose  from  nucleic  acid. 

Three  out  of  the  four  possible  aldotetroses 
are  known,  viz.  d-  and  Z-erythrose  and  Z-threose, 
but  they  have  not  been  found  in  nature. 

Reaction  with  Phenylhydrazine. — The  beha- 
viour of  the  carbohydrates  with  phenylhydrazine 
is  particularly  characteristic,  and  it  has  further 
an  historical  interest,  as  phenylhydrazine,  in  the 
hands  of  Fischer,  served  as  one  of  the  chief  aids 
in  the  elucidation  of  the  relationships  of  the 


group. 

Dextrose  reacts  with  the  reagent  in  acetic 
acid  solution  in  two  stages.  In  the  cold  a 
phenylhydrazone  is  formed  : 


CeHioOa+CeHs-NH-NHa 

“ •.  N-NH-CeHj+H.O 

This  is  a colourless  substance,  soluble  in 
water,  and  is  obtained  in  two  modifications, 
one  or  the  other  predominating  according  to  the 
method  of  preparation.  Similar  compounds, 
with  asymmetrically  disubstituted  hydrazines 
for  example,  benzylphenylhydrazine — are  often 
less  soluble  and  more  characteristic.  Mannose  is 
remarkable  in  forming  an  almost  insoluble 
phenylhydrazone.  The  hydrazones  of  lactose 
and  maltose  are  very  soluble. 

At  the  temperature  of  boiling  water,  dextrose 
reacts  with  excess  of  phenylhydrazine  to  form 
the  phenylosazone 


CH2(0H)-[CH(0H)]3-C(:  N-NHPh)-OH:  N-NHPh 


Dextrose  (1  molecule)  is  heated  with  3—4 
molecules  of  phenylhydrazine,  which  should  be 
almost  eolourless,  and  free  from  oxidation  pro- 
ducts, and  an  equal  volume  of  50  p.c.  acetic  acid 
in  a flask  immersed  in  boiling  water  for  an  hour 
or  more.  Usually  the  osazone  begins  to  separate 
in  20  minutes  or  less.  In  the  case  of  the  disac- 
charides, no  separation  of  osazone  takes  place 
from  the  hot  solution. 

The  yellow  osazone  is  filtered  and  carefully 
washed ; it  may  be  crystallised  from  most 
organic  solvents,  but  the  most  suitable  appears 
to  be  a dilute  solution  of  pyridine.  Dextrose, 
mannose  and  Ifevulose  form  the  same  phenyl 
osazone,  as  they  differ  only  in  the  relative  posi- 
tions of  groups  which  are  destroyed  in  the  forma- 
tion of  the  osazone. 

Too  much  dependence  must  not  be  placed 
on  the  melting-points  of  the  osazones  in  identify- 
ing unknown  sugars  in  solution,  as  these  depend 
very  largely  on  the  rate  of  heating,  and  the 
method  of  purification  adopted.  Disubstituted 
hydrazines  do  not  directly  form  osazones  with 
dextrose,  though  these  may  be  prepared  from 
the  osones. 

Diphenylmethanedimethyldihydrazine 

CH2(C6H,*NMe-NH2)2 

(J.  von  Braun,  Ber.  1917,  50,  42  ; Votocek,  Ber. 
1917,  50,  35)  appears  likely  to  be  of  use  in 
determining  the  configuration  of  aldoses. 
Hydrazones  are  only  produced  when  at  least  two 
of  the  OH(OH)  groups  following  the  aldehyde 
group  have  the  same  spatial  arrangements. 
Thus  hydrazones  are  formed  with  arabinose, 
lyxose,  rhamnose,  ribose,  rhodeose,  fucose, 
galactose,  mannose,  but  not  with  xylose,  iso- 
rhodeose  and  glucose. 

* To  recover  the  original  sugar  from  the 


phenylhydrazone,  it  is  boiled  in  water  with  a 
slight  excess  of  benzaldehyde.  The  phenyl- 
hydrazine is  removed  as  benzaldehyde  phenyl- 
hydrazone, the  excess  of  aldehyde  extracted  by 
ether,  and  the  sugar  solution  concentrated  in 
vacuo.  With  the  disubstituted  hydrazones  better 
results  are  obtained  on  using  formaldehyde. 

The  phenylhydrazine  residues  may  be 
removed  from  the  osazones  by  heating  with 
fuming  hydrochlorie  acid.  Compounds  termed 
osones  are  formed  : 

CH2(0H)-[CH-(0H)VC0-CH0 

These  are  colourless  syrups  ; they  act  as 
strong  reducing  agents,  combine  directly  with 
phenylhydrazine,  and  are  non-fermentable.  The 
slightly  soluble  osazones  of  the  disaccharides,  and 
of  the  pentoses,  are  converted  into  osones  on 
boiling  with  benzaldehyde. 

When  reduced  by  means  of  sodium  amalgam, 
the  osones  are  converted  into  ketoses,  and  not 
into  the  aldoses  from  which  they  were  formed. 
Thus  it  is  possible  to  pass  from  dextrose  to 
Isevulose — a transformation  of  great  importance 
— the  stages  being  : 

dextrose”^  phenylosazone”^ osone”^  Isevulose 

Another  important  transformation  is  that 
from  dextrose  to  mannose,  which  is  based  on 
the  fact  that  gluconic  acid  {q.v.),  when  heated 
with  quinoline,  is  converted  into  a mixture  of 
Muconic  and  mannonic  acids  The  stages  in 

O 

this  case  are  : 


oxidation 


reduction 

mannonic  f— ^j^g^j^j^ose 
acid  j 


By  the  aid  of  these  two  reactions,  Fischer 
was  able  to  pass  from  the  synthetical  a-acrose  to 
d-glucose,  d-fructose,  and  d-mannose,  and  so 
effect  the  complete  synthesis  of  the  naturally 
occurring  hexoses. 

The  scheme  on  next  page  shows  the  succes- 
sive operations. 

Cyanohydrin  synthesis. — The  aldoses  combine 
directly  with  hydrogen  cyanide,  forming  nitriles, 
which,  when  hydrolysed,  give  rise  to  acids  con- 
taining one  carbon  atom  more  than  the  origina 
carbohydrate.  The  lactones  of  these  acids, 
when  reduced  with  sodium  amalgam,  yield  the 
corresponding  aldoses  with  one  carbon  atom  more 
than  the  original  carbohydrate  : 


C5H11  Og-  CHO  + HCN  ^CsHuOs- CIR  OH )'  ) 

CsHiiOs-CHCOHlCOaH-^CgHiiOs  CH(OH)CHO 

In  this  manner  arabinose  is  converted 
dextrose,  dextrose  into  glucoheptose.  Fischer 
has  continued  the  process  as  far  as  the  aldono- 

nose.  . 1 u 

Actually  two  isomerides  are  formed  at  eacn 

stage,  and  arabinose  gives  both  dextrose  and 

mannose.  , » 

Degradation.— The  converse  ch^ge  from 
rlfivtrosfi  to  arabinose  has  been  effected  uy 


several  different  methods.  , i i 

Wohl  (Ber.  1893,  26,  730,  &c.)  heated  dex- 
trose oxime  with  concentrated  sodium  hydroxide, 
so  converting  it  into  gluconic  acid  nitri  e,  rom 
which,  on  further  heating  hydrogen  cyanide  was 
eliminated  and  d-arabinose  formed 


C5H„0,-CH0->C5Hta05-CH:N-0H^ 
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a-acrose  (obtained  from  acrolein  bromide,  glycerose,  or  formaldehyde 
[by  heating  with  phenylhydrazine] 

dZ-phenylglucosazone 

[by  treatment  with  concentrated  hydrochloric  acid] 
dZ-glucosone 

[by  reduction  with  zinc -dust  and  acetic  acid] 


dZ-lsevulose 


[by  fermentation  with  yeast] 


[by  reduction  with  sodium-amalgam] 


Z-lsevulose  (dextro-rotatory)  dZ-mannitol  (a-acritol) 

[ " [by  oxidation  with  acid] 

-phenylgluc  os  az  one 

dZ-mannose 

[by  oxidation  with  bromine] 
cZZ-mannonic  acid 

[by  separation  with  strychnine  and  morphine] 


Z-mannonic  acid  (Isevo-rotatory) 


[by  reduction  with  sodium  [by  reduction  with  sodium 
amalgam]  amalgam] 


d-mannonic  acid  (dextro-rotatory) 


[by  heating  with  quinoline] 


Z-mannose 

[by  further  reduction]  d-mannose 


cZ-c;luconic  acid 


[by  further  reduction] 


Z-mannitol 


[by  reduction] 


cZ-mannitol 


[by  treatment  with  phenyl- 
hydrazine acetate] 

d-glucose  {i.e,  ordinary 
^1  dextro-rotatory  dextrose) 

tZ-phenylglucosazone 

[by  reduction] 


fZ-slucosone 


iso-glucosamine 


[bv  reduction]  [by  nitrous  acid] 


tZ-lsevulose  (ordinary  Isevo-rotatory  Isevulose) 


In  practice  the  method  adopted  is  to  heat 
the  oxime  with  acetic  anhydride  and  a grain  of 
zinc  chloride ; a vigorous  reaction  ensues,  and 
the  pentacetate  of  gluconic  acid  nitrile  is  formed, 
from  which  hydrogen  cyanide  is  eliminated  by 
treatment  with  ammoniacal  silver  oxide. 

Ruff  (Ber.  1898,  31,  1573)  oxidises  the 
calcium  salt  of  gluconic  acid,  with  hydrogen 
peroxide  in  presence  of  a ferrous  salt  (Fenton’s 
method).  The  carboxyl-group  is  eliminated, 
and  arabinose  formed. 

Neuberg  (Biochem.  Zeitsch.  1908,  7,  527) 
effects  the  elimination  of  the  elements  of  formic 
acid  from  gluconic  and  similar  acids  by  electro- 
lysis. 

Weerman  (Chem.  Soc.  Abstr.  1915,  i.  387) 
obtains  gluconamide  by  saturating  glucono- 
lactone  in  alcoholic  solution'  with  ammonia. 
On  subsequent  treatment  with  hypochlorous 
acid  the  amide  is  decomposed  according  to  the 
scheme 

R-CH(0H)  C0.NH2->R-CH(0H)*N  : C : 0-> 

R-CHO 

According  to  Irvine  the  reactions  proceed  with 
the  utmost  smoothness  and  constitute  a great 
improvement  on  tlie  methods  hitherto  in  use. 


The  reaction  has  been  applied  to  glucose, 
galactose,  Z-mannose  and  Z-arabinose. 

Action  of  Acids. — Dilute  acids  are  without 
action  on  the  aldoses,  but  when  submitted  to 
the  continued  action  of  acids,  hexoses  yield 
Isevulic  acid  (acetopropionic  acid) 

(CHg-CO-CHa-CHa-COaH) 

and  formic  acid,  together  with  brown  or  black 
humus  substances.  The  first  product  from  the 
2-ketohexoses  is  4-hydroxymethylfurfuralde- 
hyde 

CH0-C:CH*CH:C-CH20H 

and  it  is  to  the  condensation  products  of  this 
aldehyde  that  the  colour  reactions  of  the  ketoses 
with  phenols  are  due.  Blanksma  and  Ekenstein 
have  shown  that  this  aldehyde  is  also  produced 
on  heating  mannose  or  dextrose  with  oxalic  acid, 
and  Fenton  obtained  4-halogenmethylfurfurol 
from  Isevulose,  and  more  slowly  from  the  aldoses, 
on  treatment  with  dry  halogen  hydride.  The 
aldoses  apparently  undergo  a 1-,  2-enolisation 
and  conversion  into  2-ketohexose. 

Action  of  Alkalis. — Although  absolutely  stable 
in  pure  aqueous  solution,  dextrose,  mannose. 
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; and  fructose  pass  over  into  one  anotlier  in 
j presence  of  traces  of  alkalis  in  the  cold.  The 
I optical  rotation  of  a dextrose  solution  containing 
! alkali,  for  example,  slowly  falls  to  zero.  This 
I change  was  observed  by  Lobry  de  Bruyn  and 
Alberda  van  Ekenstein  (Rec.  trav.  Chini.  1895, 
14,  156,  204).  It  is  due  to  the  conversion  of  the 
sugar  originally  present  into  enol : 

CH2(0H)-[CH(0H)]3-C(0H)  : CH(OH) 

which  is  reconverted  into  all  three  hexoses. 

Guanidine  (Morrell  and  Bellars,  Chem.  Soc. 
Trans.  1907,  91,  1010-1033)  brings  about 

similar  changes. 

The  action  of  alkalis  on  the  carbohydrates 
is  exceedingly  complicated,  and  leads  to  the 
formation  of  a great  ‘variety  of  substances,  in 
addition  to  humus  compounds.  The  concentra- 
tion of  the  alkali  is  of  great  importance,  a larger 
number  of  products  being  formed  when  the 
relatively  sparingly  soluble  lime  and  bartya 
(Kdiani)  are  used,  than  when  concentrated 
sodium  hydroxide  is  employed  (Nef,  Annalen, 
1910,  376,  1 ; 1914,  403,  204).  The  latter  paper 
contains  a summary  of  many  years’  work,  and 
is  the  main  source  of  information  on  this  complex 
subject.  In  contact  with  dilute  alkalis  pro- 
found changes  ensue  in  a hexose,  an  equilibrium 
being  finally  established  between  the  various 
enolic  forms.  The  number  of  possible  forms 
is  diminished  as  the  concentration  of  the  alkali 
is  reduced.  The  unsaturated  molecules  formed 
undergo  fission  at  the  double  bond. 

The  decomposition  takes  place  quickly  on 
heating,  slower  in  the  cold,  with  the  production 
of  acetol,  acetone,  lactic,  acetic  and  formic 
acids,  also  glucinic  and  saccharumic  acids,  and 
other  substances.  With  calcium  hydroxide 
saccharin  or  calcium  saccharinate  is  produced. 

In  addition  to  these  substances,  intermediate 
products  are  formed,  more  closely  related  to  the 
monosaccharides,  and  from  which  these  are 
reconstructed  by  the  synthetic  action  of  the 
alkali.  It  is  established  that  hexoses  break  down 
into  a molecule  each  of  diose  and  aldotetrose, 
or  into  2 molecules  of  glycerine  aldehyde,  that 
is,  the  2 : 3 and  3 : 4-dienols  decompose.  The 
1 : 2-dienols  never  break  down  into  aldopentose 
and  form  aldehyde.  Conversely,  hexoses  are 
never  built  up  from  pentoses. 

Pentoses  form  1 : 2-dienols,  which,  in  the 
main,  give  aldotetroses  and  hydroxymethylene 
on  decomposition  ; they  also  form  2 : 3-dienols, 
breaking  down  to  diose  and  glycerine  aldehyde. 

Dextroses  exclusively  form  2 : 3-dienols, 
breaking  down  to  2 molecules  of  diose  ; they 
never  give  1 : 2-dienols  yielding  hydroxy- 
methylene and  glycerine  aldehyde.  The  strongly 
dissociated  zinc  hydroxide  ammonia  acts  on  the 
monosaccharides  in  the  cold,  producing  methyl- 
- CMe-NH 
glyoxaline  H 

CH* 

38,1166;  1906,39,3886;  1197,40,799). 

Saceharinic  acids.  According  to  Nef  (Anna- 
len, 1910,  376,  1)  there  are  24  isomeric  sac- 
charinic  acids,  with  6 carbon  atoms,  namely 
a-meta- saceharinic  acids  (aySe-tetrahydroxy- 
hexoic  acids). 

C02H-CH(0H)-CH2-CH(0H)-CH(0H)-CH20H 

derived  from  the  16  aldohexoses  ; 4 i^osacchar- 


inic  acids  (a -hydroxymethyl  a7S-trihy(hoxy- 
valeric  acids)  : 

C02H*C(0H)(CH2-0H)-CH2-CH(0H)-CH2(0H) 

derived  from  the  8 j8-ketobexoses  ; 8 saceharinic 
acids  (a -methyltetrahydroxy valeric  acids) ; 

C02H-CMe(0H)-CH(0H)-CH(0H)-CH2(0H)- 

derived  from  the  8 7-ketohexoses  ; and  4 para- 
saccharinio  acids  (a,  co-hydroxj'ethjltrihydroxy- 
butyric  acid) : 

OH2(OH)*CH2C(OH)(C02H)-CH(OH)-CH.,(OH) 
The  lactones  of  these  acids  are  known  as 
saccharins.  They  give  rise  to  characteristic 
alkaloid  salts  and  phenylhydrazides,  and  possess 
optical  activity.  The  saccharins  are  obtained 
by  the  action  of  lime  on  dextrose,  maltose,  or 
lactose. 

Synthesis  of  Monosaccharides. — The  condensa- 
tion of  formaldehyde  under  the  influence  of 
bases  to  carbohydrates  has  been  the  subject  of 
repeated  study.  Butlerow,  using  milk  of  lime, 
obtained  an  uncrystallisable  syrup  with  a sweet 
taste,  which  behaved  as  a sugar,  but  was  non- 
fermentable  and  optically  inactive.  He  termed 
the  product  methyl enitan.  Loew  improved  the 
technique  of  the  method  by  saturating  a 4 p.c. 
solution  of  formaldehyde  with  slaked  lime  in 
the  cold,  and  allowing  it  to  stand.  The  syrux3y 
product  was  termed  ‘ formose,’  and  supposed  by 
Loew  to  be  homogeneous,  but  subsequently 
Fischer  showed  that  on  treating  it  with  phenyl- 
hydrazine,  a mixture  of  osazones  was  formed, 
one  of  which  was  identical  with  a-acrosazone. 
Nef  has  given  reasons  for  believing  formose 
(prepared  by  means  of  lead  oxide)  to  be 
a mixture  in  approximately  equal  parts  of 
isomeric  hexoses  and  pentoses  : its  composition 
obviously  depends  on  the  alkali  employed  and 
its  concentration. 

Fischer  and  Tafel  effected  the  condensation 
of  acrolein  dibromide  by  means  of  baryta,  and 
showed  the  syrupy  product  to  consist  of  two 
sugars,  distinguished  as  a-  and  y8-acrose.  Subse- 
quently, crude  glycerose  was  made  the  starting- 
point  of  the  synthesis.  It  is.  a mixture  of 
glycerine  aldehyde  and  dihyroxy  acetone,  both 
of  which  substances  have,  in  after-years,  been 
separately  used  as  the  initial  material.  Fenton 
has  used  glycollic  aldehyde  in  the  same  manner. 

A product  of  synthesis  by  all  these  methods  is 
a-aorose,  which  is  partly  fermentable  by  yeast, 
and  this  Fischer  isolated  as  phenylosazone,  and 
showed  to  be  identical  with  inactive  dhlsevulose. 
From  this  by  the  series  of  reactions  already 
given,  he  obtained  the  natural  d-glucose, 
d-mannose,  and  d-fructose  (Isevulose),  as  well 
as  their  optical  antipodes  and  a number 
of  new  isomerides.  The  application  of  the 
methods  of  degradation,  elsewhere  described, 
enabled  pentoses  and  tetroses  to  be  synthetically 
prepared  from  these  hexoses,  whilst  the  cyano- 
hydrin reaction  made  it  possible  to  obtain 
monosaccharides  with  7,  8,  and  9 carbon  atoms. 

The  full  explanation  of  the  synthesis  of 
carbohydrates  in  the  green  leaves  of  growing 
plants  has  still  to  be  given.  It  is  generally 
supposed  that  formaldehyde,  the  first  product 
of  assimilation,  undergoes  polymerisation  to 
carbohydrates,  a theory  advanced  by  Baeyer  in 
1870  (Ber.  3,  63).  Various  compounds,  such  as 
glycollic  and  glyceric  aldehydes  and  dihydroxy 


N^ 


Ch  (Windaus,  Ber.  1905, 
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acetone,  have  been  suggested  as  intermediate 
stages  in  the  polymerisation,  but  it  has  never 
been  possible  to  detect  any  of  these  in  the  plant. 
Apparently  the  synthesis  is  asymmetric,  hexoses 
of  the  dextro-  series,  and  their  polysaccharides 
being  the  only  products  of  assimilation.  It  is 
supposed  that  the  formaldehyde  elements  are 
superposed  under  the  influence  of  the  asymmetry 
of  the  protoplasm  molecule,  according  to  a 
definite  plan,  and  are  split  off  when  six  are 
united. 

Synthesis  of  Disaccharides. — Though  often 
attempted,  the  synthesis  of  disaccharides,  by 
purely  chemical  means,  has  only  been  partially 
successful.  Fischer  and  Armstrong  have  pre- 
‘ pared  a syrupy  compound,  probably  identical 
with  the  natural  sugar  melibiose,  by  the  inter- 
action of  acetochlorogalactose  with  sodium 
glucosate. 

Fischer  and  Delbriick  found  that  when 
acetobromoglucose  is  shaken  in  dry  ethereal 
solution  with  silver  carbonate  and  traces  of 
water,  the  octacetyl  derivative  of  a disaccharide 
is  obtained.  This  is  hydrolysed  by  cold  barium 
hydroxide  to  a non-reducing  disaccharide  of 
the  type  of  trehalose.  The  octacetyl-  derivative 
is  a mixture  of  isomerides,  and  yields  isomeric 
disaccharides. 

In  the  plant  the  disaccharides  are  formed 
from  hexose  by  the  agency  of  enzymes,  which 
exercise  synthetic  as  well  as  analytic  functions. 
It  is  undecided  whether  the  same  enzyme  can 
cause  both  synthesis  and  hydrolysis,  or  whether 
special  enzymes  alone  act  as  synthetic  agents. 
It  is  proved,  however,  that  an  enzyme  effects  the 
synthesis  of  a carbohydrate  isomeric  with  that 
which  it  normally  hydrolyses,  the  two  compounds 
being  apparently  related  in  the  same  manner 
as  the  a-  and  methyl  glucosides  {v.  Croft 
Hill,  Chem.  Soc.  Trans.  1898,  73,  634  ; 1903, 
83,  587  ; E.  F.  Armstrong,  Proc.  Roy.  Soc.  1905, 
76,  B,  592  ; and  monograph  on  Carbohydrates, 
1919). 

It  has  been  established  by  Bourquelot  that 
the  equilibrium  between  a sugar  and  a glucoside 
when  in  contact  with  the  appropriate  enzyme 
can  be  displaced  in  the  direction  of  the  glucoside 
when  the  solvent  contains  excess  of  the  hydroxy 
component  of  the  glucoside.  A large  number  of 
glucosides  have  been  synthesised  by  Bourquelot 
from  sugars  dissolved  in  alcohols  containing 
varying  amounts  of  water  : in  every  case  the 
glucoside  synthesised  being  that  normally 
hydrolysed.  This  reaction,  however,  is  not  on 
all  fours  with  that  taking  place  in  a concentrated 
solution  of  sugar  in  the  absence  of  an  alcohol, 
and  so  far  all  attempts  to  synthesise  maltose 
or  sucrose  in  this  manner  have  been  definitely 
without  result. 

In  the  following  pages  the  occurrence, 
jireparation,  properties,  and  derivatives  of  the 
natural,  mono-,  di-,  tri-,  and  tetra-saccharides, 
also  glycogen  and  inulin,  are  dealt  with.  Sucrose, 
the  dextrins,  starch,  and  cellulose,  are  described 
in  separate  articles. 

Dextrose.  Dextroglucose,  grape  sugar, 
starch  sugar  CgH^a^^e  C6Hj202,H20. 

Occurrence. — Reducing  sugars  are  very  widely 
distributed  in  nature,  but  dextrose  is  almost 
always  accompanied  by  laevulose,  the  two 
hexoses  being  probably  derived  from  sucrose. 
It  is  thus  found  in  honey,  in  the  juice  of  most 


fruits,  and  generally  in  vegetable  tissues  in 
small  quantities.  In  the  animal  kingdom  it  is 
found  in  blood  and  in  diabetic  urine. 

Formation. — Dextrose  is  formed  on  hydro- 
lysing most  of  the  known  polysaccharides  and 
glucosides,  either  with  acids  or  enzymes  ; it  is 
similarly  formed  from  glycogen.  Thus  cellulose, 
starch,  dextrins,  the  disaccharides  maltose, 
lactose,  and  sucrose,  all  yield  dextrose. 

Preparation.- — ^Dextrose  is  usually  prepared 
from  starch  or  sucrose.  It  can  be  obtained  from 
any  of  the  substances  mentioned,  but  they  are 
less  suited  for  the  preparation  in  quantity. 

Crude  commercial  dextrose  is  purified  by 
dissolving  in  8-10  p.c.-of  hot  water,  and  adding 
chy  boiling  methyl  alcohol,  until  a cloud  is 
produced.  This  solution  may  be  decolourised 
by  shaking  with  animal  charcoal,  and  filtering. 
On  s^^anding,  anhydrous  dextrose  in  a pure  state 
separates  abundantly.  To  prepare  dextrose 
from  sucrose,  the  latter  must  first  be  inverted. 
This  is  best  effected  by  treatment  at  a tempera- 
ture not  exceeding  50°,  with  a small  quantity  of 
invertase  or  of  pressed  yeast.  After  a few  hours 
the  solution  is  evaporated  in  vacuo  to  a syrup, 
which  solidifies  on  standing.  The  mass  is  washed 
with  cold  ethyl  alcohol  (sp.gr.  0-830),  and  the 
residue  dissolved  in  more  alcohol.  Dextrose 
crystallises  on  cooling. 

Sulphuric  acid  may  be  used  for  inversion  ; it 
must  be  neutralised  with  baryta  before  evapora- 
tion. Soxhlet  advises  the  use  of  alcoholic 
hydrochloric  acid  at  50°  for  2 hours.  Dextrose 
crystallises  in  a few  days  without  neutralisation. 

Properties. — Dextrose  crystallises  from  strong 
(93-95  p.c.)  ethyl  or  methyl  alcohol  in  the 
anhydrous  state,  C8H12O6,  and  from  concen- 
trated aqueous  solutions  at  30° -35°  ; with  special 
treatment,  crystals  of  this  composition  may 
also  be  obtained.  The  crystals  formed  in 
aqueous  solutions  at  ordinary  temperatures  con- 
tain a molecule  of  water  of  crystallisation, 
CgHi206»H20.  The  anhydi’ide  forms  white 
crystalline  crusts  or  powder  and,  when  it  sepa- 
rates from  the  solvent  slowly,  fairly  well-defined 
glassy  prisms ; the  hydrate  crystallises  in 
cauliflower -like  masses,  but  with  care  and  slow 
crystallisation  well-defined  crystals  can  be  ob- 
tained. Both  bodies  dissolve  easily  in  water, 
the  anhydride  with  evolution  of  heat.  The 
hydrate  dissolves  freely  in  strong  ethyl  or 
methyl  alcohol,  especially  on  the  application  of 
heat,  but  the  anhych-ide  is  practically  insoluble 
in  these  liquids. 

a-Dextrose  exists  in  contact  with  boiling 
saturated  alcoholic  solutions : it  forms  hard 
brittle  needles.  From  aqueous  solutions  mono- 
hydrate crystallises  in  six-sided  leaflets.  As 
purified  by  crystallisation  from  dilute  methyl 
alcohol  a mixture  of  the  different  forms  is 
obtained.  A homogenous  product  is  obtained 
by  allowing  the  mixture  to  soak  several  days 
or  weeks  at  a constant  temperature  with  the 
solvent  until  the  whole  of  the  ;8-sugar  present 
has  been  converted  into  the  a-isomeride. 
Hudson  and  Dale  (J.  Anier,  Chem.  Soc.  1917,  39, 
320)  obtain  the  a-form  by  dissolving  two  parts 
of  sugar  in  one  part  of  water  and  adding  4 parts 
of  glacial  acetic  acid,  crystallisation  being 
allowed  to  take  place  at  the  ordinary  tempera- 
ture. 

^-Dextrose  is  formed  by  heating  dextrose  at 
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I 105°- 110'^  for  some  hours  or  by  crystallisation 
I from  water  above  98°,  From  a solution  in 
I boiling  pyridine  a monopyridine  salt  separates 
I which  on  exposure  rapidly  loses  pyridine 
I (Behrend).  An  even  better  method  of  prepara- 
i tion  is  said  to  be  the  following  (Hudson  and  Dale) : 

^ 10  parts  of  dextrose  are  dissolved  in  1 part  of 
' water  on  a water  bath,  and  12  parts  of  glacial 
I acetic  acid  heated  to  100°  are  added.  The  whole 
i is  well  mixed  and  removed  from  the  water  bath 
' when  crystallisation  at  once  commences.  After 
i four  such  crystallisations  pure  ^-dextrose  is 
I obtained. 

y-Dextrose  (the  equilibrium  mixture)  is 
j obtained  on  precipitating  with  alcohol  a 
' concentrated  aqueous  solution  which  has  stood 
for  some  time. 

The  initial  optical  rotatory  powers  of  the 
two  forms  and  that  of  the  equilibrium  mixture 
• are  as  follows  in  aqueous  solution  : — 

a-[a]j,+  113-4° 

B-[a]  +19-0° 

7-[a]“  + 52-2° 

(Hudson  and  Dale,  J.  Amer.  Chem.  Soc.  1917, 
39,  320). 

An  aqueous  solution  of  dextrose  containing 
10  grams  anhydrous  dextrose  in  100  c.c.  of 
solution  at  15’5°,  has  a sp.gr.  D0385.  Its 
solutions  are  optically  active,  i.e.  possess  the 
power  of  rotating  the  plane  of  polarisation  of  a 
ray  of  polarised  light.  The  rotation  is  right- 
handed.  Hesse  (Annalen,  176,  106)  and  Tollens 
(Ber.  17,  2234)  have  carefully  determined  this 
constant,  and  the  latter’s  results  are  expressed 
by  the  formula 

[a]jj  = 52-5°  -f  0-018796P-f  0-00051683P2 
for  the  dry  sugar,  and 

[a]j3  = 47-73°  +0-015534P+0-0003883P2 

for  the  hydrate  CeH^gOgjHaO,  in  which  P = 
the  percentage  of  anhydride  and  hydrate  in 
solution.  In  dealing  with  solutions  contain- 
ing 10  p.c.  dry  sugar,  the  factors  [a]p  = 52-7°  and 
[a]j  = 58-3°  may  be  used.  The;  optical  activity 
of  dextrose  solution  is  not  materially  affected  by 
temperature.  The  activity  is  nearly  twice  as 
great  in  freshly  prepared  solution,  diminution 
taking  place  slowly  in  cold,  but  rapidly  in  boiling 
solutions,  until  the  constant  value  is  arrived  at. 
It  is  only  crystallised  dextrose  that  exhibits  this 
property  of  bi-rotation,  as  it  is  called,  dextrose 
fused  and  allowed  to  solidify  does  not  show  it 
(Hesse,  Annalen,  176,  113).  The  solution  of  dex- 
trose in  strong  alcohol  retains  the  power  of 
bi-rotation. 

When  dextrose  is  heated  to  170°,  the  elements 
of  a molecule  of  water  are  eliminated,  dextro- 
san  (glycosan)  CgHioOg  being  produced.  If 
the  temperature  is  increased,  that  body  is  cara- 
melised and  charred.  Dextrosan  is  again  con- 
verted into  dextrose  by  digestion  with  water  or 
dilute  acids.  It  is  a hygroscopic,  dextro-rotatory, 
non-fermentable  substance.  If  the  temperature 
is  raised  to  200°,  and  maintained  at  that  point 
for  a little  time,  gas,  water,  and  volatile  acids 
are  given  off,  and  if  the  heating  is  continued 
without  being  increased  until  these  products 
cease  to  be  evolved,  the  brownish-black  residue 
(caramelised  mass)  becomes  gradually  solid. 


This  substance  is  soluble  in  water,  completely 
if  the  temperature  was  not  too  high,  and  con- 
stitutes the  colouring  matter  used  in  wine, 
beer,  cookery,  &c.  Should  the  heat  be  further 
continued  so  that  the  body  is  destructively  dis- 
tilled, carbon  mon-  and  di -oxide,  and  methane 
are  evolved,  aldehyde,  furfuraldehyde,  acetone, 
propionic,  acetic,  and  formic  acids,  furane  and 
furfurol  distil  over,  and  a black  carbonaceous 
mass  is  left.  F.  Caramel. 

The  action  of  alkalis  and  of  acids  on  dextrose 
has  been  discussed  elsewhere.  When  reduced 
by  sodium  amalgam,  the  main  product  (35-40 
p.c.)  is  sorbitol;  some  quantity  of  mannitol  is 
also  formed  in  alkaline,  but  not  in  neutral  or 
acid  solution.  It  is  derived  from  the  mannose 
produced  by  the  action  of  alkali  on  dextrose. 

Oxygen  has  no  action  on  dextrose  in  neutral 
or  acid  solutions,  but  alkaline  solutions  absorb 
the  gas.  Ozone  oxidises  it  to  formic  acid, 
saccharic  acid,  &c.,  being  produced.  Strong 
nitric  acid  converts  dextrose  into  saccharic  acid, 
and  finally  into  oxalic,  carbonic,  and  formic 
acids.  Treated  with  chlorine  or  bromine  in  the 
presence  of  water,  the  resulting  product  yields 
gluconic  acid  when  submitted  to  the  action  of 
silver  oxide. 

Dextrose  in  alkaline  solutions  reduces  the 
oxides  of  gold,  platinum,  silver,  mercury,  bis- 
muth, lead,  copper,  iron,  manganese,  &c.  ; in 
the  case  of  gold,  platinum,  silver,  and  mercury, 
the  reduction  is  complete,  the  metal  being 
formed  ; in  the  other  cases  lower  oxides  are 
piioduced.  Ferrocyanide  of  potassium,  indigo, 
picric  acid,  litmus,  and  such  substances  are  also 
reduced  by  dextrose  in  alkaline  solution.  The 
products  from  the  dextrose  are  not  the  same  in 
all  cases,  but  they  consist  chiefly  of  carbonic, 
formic,  oxalic,  and  glycoUic  acids,  other  products 
being  also  formed. 

Nearly  all  the  true  yeasts  {Saccharomyces 
I meinhrancefaciens  is  an  exception),  a great 
number  of  torulee,  moulds,  and  other  organisms 
i ferment  dextrose,  yielding  carbon  dioxide  and 
j alcohol  as  the  chief  products.  Glycerol,  succinic 
! acid,  and  other  bodies  (fusel  oil)  are  formed  at 
the  same  time,  the  proportions  of  these  bodies 
varying  materially  with  the  organisms  and  the 
conditions  under  which  the  growth  takes  place. 
The  work  of  Ehrlich  suggests  that  most  of  these 
by-products  are  derived  from  amino-acids, 
produced  from  the  yeast  and  not  from  dextrose 
\v.  Fermentation). 

Pressed  yeast-juice,  zymase,  which  contains 
no  living  protoplasm,  also  ferments  dextrose. 

In  the  presence  of  growing  bacteria  of  various 
species,  dextrose  yields  many  products,  one 
species  converts  it  into  lactic  acid,  another  into 
butyric  acid,  another  into  cellulose,  the  so-called 
slimy  fermentation,  and  so  on.  Other  organisms 
oxidise  dextrose  {v.  Fermentation). 

Dextrose  combines  with  sodium  chloride, 
bromide,  and  iodide,  forming  well-defined 
crystalline  compounds ; these  decompose  in 
aqueous  solution.  Compounds  with  bases  are 
indefinite  in  character,  and  unstable.  Sodium 
and  potassium  dextrosate  CgHuMOg  are 
obtained  on  adding  sodium  or  potassium  ethoxide 
to  an  alcoholic  solution  of  dextrose.  Several 
calciumdextrosates  are  described  containing 
varying  proportions  of  dextrose,  lime,  and 
i water.  Dextrose  is  not  precipitated  with  lead 
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acetate,  but  basic  lead  salts  are  obtained  in 
presence  of  ammonia. 

The  methylglucosides.  These  are  of  import- 
ance, as  types  both  of  glucosides  generally,  and 
of  the  two  isomeric  series  of  dextrose  deriva- 
tives. They  are  regarded  as  stereoisomeric 
7-oxides,  and  have  the  following  structural 
formulse  : — 


CH3O— CH 


HCOH 


0 


HOCH 


HC 

I 

HCOH 


CH2OH 

a-Methylglucoside. 


HC— OCH3 
HCOH  \ 


0 


HOCH 


- / 
HC 


HCOH 

I 

CH2OH 

j8  -Methy  Igluco  side . 


a-Methylglucoside  crystallises  in  long  needles, 
m.p.  165°  ; ;8-methylglucoside  forms 

rectangular  jmsms,  m.p.  104°  [a]jj— 33°, 

They  are  hydrolysed  by  warm  mineral  acids 
to  met%l  alcohol  and  dextrose,  the  ;8-isomeride 
being  attacked  1-8  times  as  rapidly  as  the 
a-isomeride.  Each  glucoside  requires  its  own 
particular  enzyme  to  hydrolyse  it.  a-Methyl- 
glucoside is  hydrolysed  by  maltase  alone ; 
^-methylglucoside  only  by  emulsin.  They  are 
used  as  test  materials  in  studyina;  enzyme 
action. 

The  isomerides  are  both  formed  when 
dextrose  is  heated  with  methyl  alcohol  containing 
hydrogen  chloride. 

To  obtain  a-methylglucoside,  1 part  of 
dextrose  is  heated  with  4 parts  methyl  alcohol 
containing  0*25  p.c.  hydrogen  chloride,  for  50 
hours  in  an  autoclave.  The  solution  deposits 
crystals  of  the  glucoside  on  evaporation,  and 
the  mother  liquors,  after  further  heating,  give 
a second  and  third  crystallisation,  as  the  fi- 
isomeride  present  is  converted  into  the  a-  by 
the  acid.  A yield  of  80  p.c.  or  more  is  obtained. 

To  obtain  /3-methylglucoside,  solid  anhydrous 
glucose  is  dissolved  in  methyl  alcohol,  nearly 
saturated  with  dry  hydrogen  chloride,  at  room 
temperature.  As  soon  as  etherification  is 
complete,  as  witnessed  by  the  absence  of  reducing 
power,  the  solution  is  neutralised  and  evaporated, 
and  a mixture  of  a-  and  y8-isomerides  obtained 
in  about  equal  quantities.  The  a-  is  partly 
separated  by  crystalfisation  from  strong  alcohol. 
The  residue  is  dissolved  in  water,  and  fermented 
by  a pure  culture  yeast.  The  a-methylglucoside 
is  hydrolysed,  and  the  dextrose  fermented  ; the 
^-methylglucoside  remains  untouched,  and  is 
recovered  and  purified. 

In  addition  to  the  crystalline  a-  and  B- 
methylglucosides  obtained  in  the  reaction 
between  a-glucose  and  methyl  alcohol  containing 
1 p.c.  HCl,  a considerable  amount  of  syrup  is 
formed  which  after  distillation  in  a vacuum 
is  an  oil,  C7Hi406,  b.p.  200°-215°/0'2  mm., 
[a]^  —4°.  It  is  named  7-niethylglucoside  to 

differentiate  it  from  the  ct-  and  d-forms  (E 
Fischer,  Ber.  1914,  47,  1980). 

It  is  stable  to  alkalis,  Fehling's  solution 
or  hot  water,  scarcely  attacked  by  emulsin  or 
by  yeast  extract  at  37°  C.,  but  is  hydrolysed  to 


glucose  and  methyl  alcohol  by  dilute  acetic 
acid  at  100°,  or  by  dilute  hydrochloric  acid  at 
100°  or  18°. 

The  other  carbohydrates  form  analogous 
methylglucosides,  and  similar  compounds  are 
obtained  with  ethyl  alcohol.  (For  other  artificial 
glucosides,  v.  Glucosides). 

The  methyl  derivatives  of  the  sugars  have 
proved  of  great  importance  in  the  elucidation 
of  their  structure.  Purdie  and  Irvine’s  method 
of  methylation  is  employed,  consisting  in  dissolv- 
ing the  sugar  in  methyl  iodide  and  a little  acetone 
and  boiling  the  mixture  with  silver  oxide.  By 
protecting  some  of  the  hydroxyl  groups  from 
methylation  those  remaining  may  be  methylated 
and  the  configuration  thus  established. 

A very  large  number  of  dextrose  compounds 
have  been  prepared,  in  some  of  which  the 
aldehydic  hydroxyl  is  concerned,  whilst  others, 
e.g.  the  acetates,  involve  all  five  hydroxyls.  As 
already  stated,  in  most  cases  two  isomerides 
derived  from  a-  and  ^-dextrose  have  been  pre- 
pared. Few  of  these  compounds  are  really 
characteristic  of  dextrose,  and  it  must  suffice 
in  the  space  at  disposal  to  indicate  the  properties 
of  some  of  them  in  tabular  form. 


Compound 

Appearance 

M.p. 

[a]D 

Pentanitrate 

amorphous 

— ■ 

-f98° 

a-Pentacetate 

colourless 

needles 

112°-113^ 

-f  100° 

/3-Pentacetate 

granular  . 
crystals 

134° 

4-3° 

a-Acetochlorodex- 

long  needles 

63°-G4' 

trose 

/3- Acetoehlorod  ex- 
trose 

stellate  aggre-  . 
gates 

0 

1 

0 

CO 

4-165° 

a-Acetobromodex- 

prisms 

0 

1 

00 

0 

0 

trose 

S-Acetobromodex- 

lustrous  needles 

88°-89° 

4-198° 

trose 

a-Acetonitrodex- 

trose 

needles  . 

92° 

4-P5° 

j3-Acetonitrodex- 

trose 

lustrous  rhombic  150°-151° 
prisms 

4-149° 

Pentabeuzoate 

needles  . 

179° 

Monomethyl-a- 

161° 

4-108° 

dextrose 

Monomethyl-j3- 

135 

4-24° 

dextrose 

aS-Dimethyl-a- 

85°-87° 

+ 82° 

dextrose 

a/3-Dimethyl-/3- 

108°-110° 

+ 6° 

dextrose 

Trimethyl  dex- 

syrup 

+ 79° 

troses 

syrup  , 

-8° 

Tetramethyl-a- 

00 

0 

+ 101° 

dextrose 

Tetramethyl-8- 

81° 

+ 73“ 

dextrose 

Pentamethyld  ex- 

stellate  crystals 

42°-43° 

-7° 

trose 

Dextroseetliyl- 

mercaptal 

colourless  matted  127°-128° 
needles 

a-chloralose 

bunches  of 
needles 

186° 

^-chloralose 

fatty  plates 

230° 

Dextrose  diacetoiie  needles  . 

107°-109° 

Dextrose  ureide  . 

rhombic  plates 
and  needles 

207° 

Semicarbazone 

needles  . 

175° 

Thiosemicarbazone  rhombic  plates 

204° 

Anilide 

needles  . 

147° 

Oxime 

needles  . 

137° 

a-Phenylhyda- 

needles  . 

159-160° 

I 

0 

zone 

jS-Phenylhyda- 

needles  . 

140-141° 

-5° 

zone 

3J-Bromophenyl- 

164-166 

hydrazone 

Methylphenylhy- 

colourless  plates 

130° 

drazone 

a-  A mylph  eny  Ihy- 
drazone 

light  brown 
needles 

128° 

a-Allylphenylhy- 

drazone 

light  yellow 
needles 

155° 
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Compound  Appearance  M.p. 
a-Benzylphenylhy-  light  yellow  165° 
drazone  needles 

Diphenylliydra-  colourless  161° 

zone  oblique  prisms 

jS-Naphthylhydra-  brown  needles  . 95° 
zone 

Phenylosazone  . aggregates  of  206° 

yellow  needles 

P'Bromophenyl-  yellow  needles  . 222° 
osazone 

ISTitrophenylosa-  reddish  needles  257° 
zone 

Dextrose-o-diami-  colourless  — 

nobenzene  lustrous 

needles 

Didextrose-o-dia-  slender  colour-  — 
minobenzene  less  needles 

Dextrose-7-diami-  lustrous  silver  243° 

. nobenzoic  acid  plates 

Since  acetobromoglucose  is  the  starting- 
point  for  many  other  glucose  derivatives  its 
preparation  is  given  in  detail.  200  grams 
powdered  crystalline  anhydrous  glucose  are 
heated  on  the  water-bath  with  100  grams  of 
alcoholic  sodium  acetate  and  1 litre  of  acetic 
anyhdride  for  2^  hours.  The  product  is  poured 
into  4 litres  of  ice  water,  and  the  crude  |8-penta- 
acetylglucose  is  recrystallised  from  96  p.c. 
alcohol  after  freeing  it  from  acetic  anhydride 
by  water  (yield  74  p.c.). 

150  grams  of  the  penta-acetate  are  treated 
with  the  commercial  solution  of  hydrobromic 
acid  in  glacial  acetic  acid  (300  grams)  for  2 hours 
at  ordinary  temperatures,  600  c.c.  chloroform 
added  and  the  whole  poured  into  2 litres  of  ice 
water.  The  chloroform  layer  is  separated,  and 
the  rest  shaken  with  150  c.c.  chloroform ; the 
united  chloroform  extracts  are  washed  with 
1 litre  of  water,  dried  over  calcium  chloride, 
concentrated  in  a vacuum,  and  the  residue 
gradually  treated  with  light  petroleum.  The 
resulting  crystals  are  rapidly  recrystallised  from 
75  c.c.  amyl  alcohol,  washed  with  light  petro- 
leum and  stored  in  a vacuum  desiccator  over 
soda-lime.  {See  E.  Fischer,  Ber.  1916,  49,  584.) 

The  reduction  of  acetobromoglucose  with 
zinc- dust  and  acetic  acid  yields  the  acetyl  deriva- 
tive of  glucal, 

CH2(0H)  •CH-CH2*CH(0H)  -0= CH(OH) 

I o i 

a soluble  viscid  syrup,  b.p.  170°-180°/0*2  mm. 
Glucal  can  be  further  reduced  by  hydrogen  and 
palladium  to  hydroglucal, 

CH2(0H)-CH-CH2*CH(0H)-CH-CH2(0H) 

1, 0—1 

which  melts  at  86°-87®,  tastes  slightly  sweet,  and 
has  16°. 

d-Glucosamine  (Chitosamine)  or  amino- 
dextrose  has  the  formula 

CH2(0H)-[CH(0H)]3*CHNH2-CH0 

It  is  obtained  by  boiling  the  shells  of  lobsters, 
particularly  the  claws,  with  concentrated  hydro- 
chloric acid,  when  the  hydrochloride  results. 
The  shells  of  lobsters  consist  of  carbonate  of 
lime  and  chitin.  Chitin  is  a constituent  of 
various  invertebrate  skeletal  structures,  and  of 
the  cell  walls  of  fungi ; it  is  considered  by 
Irvine  to  contain  acetylamino-dextrose  and 
amino -dextrose  residues  in  the  proportion  of 
3 to  1 (03oH5oOi9N4)w.  It  is  prepared  from 
the  hydrochloride  by  decomposing  it  with 
VoL,  II.— T. 


diethylamine  (Breuer,  Ber.  1898,  31,  2193)  or 
sodium  methoxide  (Lobry  de  Bruyn,  ibid.  1898, 
31,  2476).  Fischer  and  Leuchs  (Ber.  1903,  36, 
24)  effected  the  synthesis  by  the  combination  of 
c?-arabinose  and  ammonium  cyanide  to  c?-gluco- 
saminic  acid,  the  lactone  of  which  was  reduced 
to  (i-glucosamine.  Glucosamine  forms  a colour- 
less crystalline  powder,  or  long  needles  ; m.p. 
115°  [a]^+48°.  The  aqueous  solution  reacts 

alkaline,  but  is  stable.  It  is  not  fermentable. 
The  pentacetate  exists  in  two  forms,  needles, 
m.p.  183 ’5°  and  133°  respectively  ; the  former  is 
optically  inactive,  the  latter  has  [a]j^+86‘5°. 

The  oxime  forms  prisms,  m.p.  127°.  Two 
modifications  of  the  hydrochloride  are  known  : 
glistening  monoclinic  crystals  [a]^+100°, 

falling  to  -j-72'5°  on  standing,  and  hexagonal 
needles  [a]^  constant  at  72*5°. 

It  cannot  be  converted  into  dextrose 
directly,  though  it  gives  dextrose  phenylosazone 
when  heated  with  phenylhydrazine.  Irvine  and 
Hynd  (Chem.  Soc.  Trans.  1912,  101,  1128)  have 
converted  it  into  aminomethyl  glucoside,  and 
this  by  the  action  of  baryta  into  methylglucoside 
and  ultimately  to  cZ-glucose.  When  methyl- 
glucosamine  is  treated  with  sodium  nitrite  a 
mannose  derivative  is  obtained  almost  quantita- 
tively. Probably  a Walden  inversion  takes 
place  {see  Chem.  Soc.  Trans.  1914,  105,  698).  By 
the  action  of  nitrous  acid,  a compound,  CgHioGj, 
is  formed,  which  was  at  one  time  regarded  as  a 
carbohydrate,  and  termed  chitose,  but  was 
shown  by  Fischer  and  Andreae  (Ber.  36,  2587)  to 
be  a hydrated  furfurane  derivative 

CH(OH)-OH(CHO) 

1 

CH(0H)-CH(CH20H)-^ 

Chitose  forms  an  oxime  and  phenylhydrazone 
and  is  oxidised  by  bromine  to  chitonic  acid. 
Glucosamine  was  formerly  regarded  as  a deriva- 
tive of  chitose,  and  termed  chitosamine. 

An  isomeride  of  glucosamine  is  «50glucosa- 
mine  CH2(OH)-rCH'(OH)]3-CO'CH2-NH2,  which 
Fischer  obtained  by  reducing  phenylglucosazone 
with  zinc-dust,  and  which  is  converted  by  the 
action  of  nitrous  acid  into  lievulose. 

The  glucosimines  were  formerly  believed  to 
be  imino  compounds,  but  Irvine,  Thomson  and 
Garrett  (Chem.  Soc.  Trans.  1913,  103,  238) 
suggest  that  they  are  amino-glucosides.  Levene 
(J.  Biol.  Chem.’  1916,  24,  59)  shows  that  the 
nitrogen  content  of  glucosimine,  galactosimine, 
xylosimine,  and  lyxosimine  as  given  by  (i) 
Kjeldahl’s  method,  and  (ii)  by  van  Slyke’s 
nitrous  acid  method  indicates  the  presence  of  a 
primary  amino  group. 

Chondrosamine  (Levene,  J.  Biol.  Chem.  1916, 
26,  143)  gives  galactosazone,  and  is  therefore 
probably  a lyxohexosamine. 

By  condensing  bromotriacetylglucosamine 
with  hydroxy  compounds  in  the  presence  of  a 
base  such  as  morphine,  acetylated  amino 
glucosides  are  obtained.  The  compounds  formed 
are  of  two  types  : stable  N-cyclic  compounds  and 
normal  glucosides,  such  as  a-aminohelicin  and 
a-aminosalicin  (Irvine  and  Hynd,  Chem.  Soc. 
Trans.  1913,  103,  41). 

A new  glucosamine  derivative,  lycoperdin 
C43H34O9N2,  has  been  isolated  from  the  fungus 

I) 
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Lycoperdum  gemmatum  (Kotake  and  Sera,  j 
Zeitscli,  physiol.  Cliem.  1913,  88,  56). 

Manufacture  of  commercial  dextrose — i.e. 
dextro -glucose,  glucose,  saccharum,  saccharine, 
&c. — These  products,  varying  much  in  character 
and  composition,  are  all  prepared  by  the  action 
of  acids  on  starch  or  starchy  substances,  such 
as  rice,  maize,  &c.,  and  when  these  latter  are  the 
raw  material,  it  has  been  proposed  to  employ  the 
combined  action  of  diastase  and  acids.  When  ; 
starch  is  acted  upon  by  dilute  acids,  it  is  dis- 
solved, dextrins  and  maltose  being  produced. 
These  bodies,  by  the  further  action  of  the  acid, 
yield  dextrose  ; this  itself  does  not  resist  the 
action  of  acids,  so  that  during  the  process  of 
conversion,  a portion  of  it  is  attacked,  with  the 
production  of  substances  imperfectly  studied 
\v.  Isomaltose). 

The  phases  of  the  action  of  dilute  acids  on 
starch  are  easily  followed.  After  heating  has 
been  continued  for  a short  time,  a portion  of  the 
solution  cooled  ceases  to  give  a blue  colouration 
with  iodine  ; this  indicates  absence  of  starch  ; in 
the  place  of  this  a reddish-brown  colouration  is 
produced,  this  indicates  the  presence  of  a- dex- 
trin. After  a time  this  disappears,  and  at  length 
the  solution  ceases  to  give  a precipitate,  when  to 
a portion  of  it  twice  its  bulk  of  alcohol  (sp.gr. 
0-820)  is  added,  or  when  to  a portion  from  which 
the  sulphuric  acid  has  been  separated  by  baryta- 
ammoniacal  lead  acetate  is  added.  This  estab- 
lishes the  absence,  not  of  maltose,  but  only  of 
dextrin.  For  syrup  the  boiling  is  stopped  as 
soon  as  the  iodine  test  gives  a port-wine  colour  ; 
for  solid  dextrose  it  is  continued  till  alcohol 
causes  no  precipitate.  The  processes  involve 
in  the  manufacture  may  be  conveniently 
arranged  as  follows  : — • 

(a)  The  conversion. 

(b)  The  neutralisation. 

(c)  The  filtration. 

(d)  The  decolourisation. 

(e)  The  concentration. 

( / ) The  purification. 

(a)  The  conversion. — ^In  this  country  the 
materials  chiefly  employed  in  the  manufacture 
of  commercial  dextrose  are  sago,  maize,  and  rice 
starch,  finely  ground  rice  itself,  as  well  as  granu- 
lated maize  and  rice  being  at  times  used.  Potato 
starch  is  also  used  in  Germany.  In  America 
greep. -maize  starch  is  the  chief  material ; hence 
the  term  ‘ corn  sugar.’  The  acid  usually  em- 
ployed in  Europe  is  sulphuric  ; hydrochloric  acid 
is  generally  used  in  America  ; and  nitric  acid  as 
well  as  a mixture  of  nitric  and  sulphuric  acids 
have  been  recommended.  The  use  of  sulphurous 
and  orthophosphoric  acids  has  also  been 
advocated.  The  proportions  of  material,  water, 
and  acid  generally  employed  in  the  case  of 
sulphuric  acid  are  100  : 250. : 5,  and  when  green 
starch,  i.e.  undried  purified  starch,  is  used.  If 
parts  are  taken  instead  of  1 part  dry  starch. 
When  pressure  converters  are  used,  the  acid  can 
be  reduced  to  0-5  p.c. 

Formerly  open  converters  made  of  wood, 
lined  with  lead  and  provided  with  steam  coils 
of  lead  and  stirring  gear,  were  used,  but  these 
are  now  abandoned  nearly  everywhere  for  closed 
converters.  These  are  made  of  cast  iron, 
copper,  or  gun  metal,  and  are  worked  at  a 
pressure  of  30  lbs.  of  steam. 


The  operations  involved  in  the  manufacture, 
whatever  converter  is  used,  are  as  follows : 
Half  the  sulphuric  acid  is  mixed  with  half  the 
water  in  a separate  vat  constructed  as  the  con- 
verter, with  or  without  coil,  and  at  such  a 
temperature  that  the  heat  of  the  dilute  acid 
will  be  less  than  the  gelatinising  point  of  the 
starch  of  the  material  employed.  This  vat  is 
furnished  with  stirring  gear,  and  placed  under  a 
hopper,  in  which  is  stored  the  starch  or  starchy 
substance.  When  the  dilute  acid  is  at  the  right 
temperature,  the  material  is  allowed  to  flow  into 
it,  the  stirring  gear  being  kept  in  motion  ; a 
milk  of  starch  in  dilute  acid  is  thus  obtained. 
Meanwhile  the  remaining  half  of  the  acid  and 
water  are  introduced  into  the  converter,  and 
heated  to  boiling,  then  the  starch  milk  is  run 
in  at  such  a rate  that  the  temperature  does  not 
fall  far  below  boiling,  and  the  introduction  should 
be  effected  as  rapidly  as  possible. 

The  time  required  for  conversion  depends  on 
the  rate  of  introduction  of  the  starch  milk,  and 
on  the  pressure  employed,  &c.  For  corn 
syrup  an  average  time  from  the  commencement 
of  the  starch  introduction  to  the  discharge  is 
a httle  over  an  hour,  for  solid  sugar  about  lA 
hours  is  required.  When  converted,  the  liquid 
is  blown  into  the  neutralising  vats. 

(6)  The  neutralisation. — Finely-ground  chalk 
is  used  to  neutralise  the  acid  employed  in  the 
conversion.  The  chalk  is  converted  into  a milk 
with  water,  and  gradually  introduced  into  the 
converted  liquid.  About  12  lbs.  of  powdered 
chalk  are  taken  for  every  10  lbs.  sulphuric  acid 
employed ; this  is  more  than  the  theoretical 
quantity,  but  it  is  found  to  answer  in  practice, 
owing,  no  doubt,  to  the  insolubility  of  a portion 
of  the  chalk.  The  neutralised  liquid  is  kept 
stirred  for  some  time,  and  is  then  allowed  to 
rest.-  It  is  found  best  to  allow  it  to  cool  and 
settle  gradually,  and  then  draw  off  the  clear 
portion  ; but  where  vat  room  is  a consideration, 
the  neutralised  liquid  is  run  immediately  to  the 
filter  presses  {v.  Filtration). 

(c)  {d)  The  clear  filtered  solution  is  passed 
through  bone-char  filters  of  the  same  construction 
as  those  described  under  Sugar.  Sulphurous 
acid  is  sometimes  used  in  bleaching  the  product. 

(e)  Concentration. — This  operation  is  effected 
in  vacuum  pans  {v.  Sugar),  and  is  considered 
complete  when  the  syrup  contains  about  82  p.c. 
solid  matter,  i.e.  reaches  a sp.gr.  of  1-50.  It  is 
then  run  into  moulds,  usually  cone-shaped 
vessels,  in  which,  on  standing  and  cooling,  it 
solidifies  after  a short  time.  This  is  hastened 
by  the  introduction  of  some  previously  solidified 
sugar.  The  solidified  mass  extracted  from  the 
mould  by  a short  immersion  in  hot  water  is 
broken  into  irregular  lumps,  in  which  form  it 
appears  in  the  market.  The  colour  of  the  com- 
mercial parcels  varies  from  pure  white  to  dark- 
brown  ; this  depends  on  the  character  of  the 
material  employed  (the  purity  and  variety  of 
the  starch),  on  the  mode  of  conversion,  and 
the  extent  to  which  the  decolourisation  was 
carried.  The  composition  is  also  very  variable, 
but  the  constituents  in  all  are  the  same,  viz. 
dextrose,  maltose,  dextrin,  unfermentable  organic 
bodies,  and  ash.  Very  few  samples  contain 
dextrin,  some  few  maltose,  and  the  propor- 
tion of  unfermentable  bodies  varies  very  much, 
being  sometimes  as  high  as  15  p.c.’^f^The  syrups. 
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which  are  used  in  confectionery,  contain  a large 
percentage  of  dextrin  and  maltose. 

In  the  United  States  the  conversion  is  carried 
out  by  stirring  the  green  corn  starch,  made  in 
the  same  factory,  with  a large  body  of  water, 
and  subjecting  this  mixture  to  a high  heat 
under  pressure,  the  process  being  a hydrolytic 
one.  A small  amount  of  pure  hydrochloric  acid 
is  added  to  facilitate  the  catalytic  action.  The 
conversion  is  performed  in  large  vessels  6 feet 
in  diameter,  and  about  20  feet  high,  made  of 
hammered  copper  1 inch  in  thickness. 

After  the  required  conversion,  the  traces  of 
acid  are  neutralised  with  soda  ash,  the  mixture 
being  left  very  slightly  acid  to  litmus,  and  excess 
of  alkali  being  very  carefully  avoided,  as  the 
least  trace  colours  the  liquid.  In  the  case  of 
glucose  syrup,  conversion  is  complete  in  less 
than  10  minutes  ; conversion  into  anhydrous 
dextrose  takes  considerably  longer.  The  con- 
verted starch,  now  an  almost  white  liquor,  is  run 
from  the  neutralisers  through  filter  presses,  to 
remove  the  dissolved  gluten,  &c.,  which  is 
precipitated  during  neutralising,  and  then 
through  an  evaporator,  which  reduces  the 
gravity  to  30°  B.  It  is  then  run  successively 
over  three  bone-char  filters,  each  10  feet  in 
diameter  and  24  feet  high,  and  containing 
70,000  lbs.  of  bone-char  each.  The  liquors 
receive  a much  greater  amount  of  bone -char 
treatment  than  is  the  custom  in  sugar  refineries, 
passing,  in  all,  over  72  feet.  The  remaining 
traces  of  acid  are  completely  neutralised,  and 
the  liquid  has  a brilliant  crystal-white  appear- 
ance. The  bone-char  is  revivified  after  each 
bath.  The  liquor  is  concentrated  in  vacuum 
pans  to  the  required  density  42°-45°  B.,  and 
crystallises  on  cooling.  (A  full  account  of  the 
American  industry  of  corn  products  is  given  by 
Wagner  (J.  Soc.  Chem.  Ind.  1909,  28,  343).) 

The  average  composition  of  these  products, 
according  to  the  older  analyses,  is  as  follows  : — ■ 


Corn 

syrup 

7 0 sugar 

89  sugar 

An- 

hydrous 

sugar 

Water 

p.c. 

19*0 

P.c 

19*7 

P.c. 

11*2 

P.c. 

4*0 

Dextrose  . 

38*5 

70*2 

79*9 

94*6 

Dextrin  . 

42*0 

9*3 

8-0 

0*7 

Ash  . 

0*5 

0*8 

0*9 

0-7 

The  ash  consists  principally  of  chlorides. 
Wesener  and  Teller  (J.  Ind.  Eng.  Chem.  1916,  8, 
1009)  give  the  following  analysis  as  representing 
the  modern  product  : — 


Water 
Proteins 
Mineral  matter 
Glucose 
Maltose 


15- 20  p.c. 
about  0'06  p.c. 
Traces. 

12-17  p.c. 

16- 23  p.c. 


and  Dextrin  (or  dextrins)  not  fermented  by 
yeast,  but  made  fermentable  by  pan- 
creatin,  takadiastase,  &c. 

From  which  it  appears  that  the  proportion 
of  maltose  present  generally  exceeds  that  of 
dextrose.  In  the  older  analyses  all  the  reducing 
sugar  was  regarded  as  dextrose. 

(/)  Purification. — Behr  (Eng.  Pat.  9797, 


1884 ; 1767,  1885)  manufactures  pure  com- 

mercial crystalline  anhydrous  dextrose  by  adding 
crystals  of  dextrose  to  a solution  concentrated 
to  85  p.c.,  and  allowing  the  mixture  to  stand  at 
about  35°.  After  a short  time  an  abundant 
crop  of  crystals  separates,  and  by  treatment  in  a 
centrifugal  machine,  the  uncrystallised  syrup  is 
removed  {v.  Sugar). 

In  the  older  process  of  Soxhlot,  the  concen- 
trated syrup  was  dissolved  in  about  an  equal 
weight  of  boiling  methyl  alcohol,  and  allowed  to 
stand.  The  crystals  were  drained,  and  the 
loaves  washed  with  methyl  alcohol,  which  was 
recovered  from  the  loaves  and  mother  liquors  by 
distillation  in  a vacuum. 

Dextrose  from  Cellulose. — Cellulose  is  disinte- 
grated by  boiling  with  acids  only  with  great 
difficulty,  and  at  high  temperatures,  with  the 
formation  of  dextrose,  and  the  process  cannot 
compete  industrially  with  the  preparation  from 
starch.  Numerous  attempts  have  been  made 
to  obtain  dextrose  from  wood  cellulose,  with 
the  industrial  objective  of  the  manufacture  oi' 
alcohol. 

Simonsen  (Zeitsch.  angew.  Chem.  1898,  195, 
219,  962,  1007)  found  the  most  favourable 
conditions  for  the  conversion  of  40  grams  of 
cellulose  to  be  a digestion  for  2 hours  at  6-8 
atmospheres,  with  1000  c.c.  of  0*5  p.c.  sulphuric 
acid.  45  p.c.  of  reducing  sugar  was  obtained, 
but,  according  to  Korner  {ibid.  1908,  2353),  this 
is  not  all  fermentable  dextrose. 

Ekstrom  (Fr.  Pat.  380358,  July  29,  1907) 
treats  sawdust  with  95  p.c.  sulphuric  acid  at  the 
ordinary  temperature  for  20  minutes,  dilutes  to 
1 p.c.  free  acid,  and  heats  from  1 to  5 hours  under 
a pressure  of  3-8  atmospheres ; 55-57  p.c.  con- 
version is  claimed. 

Ewen  and  Tomlinson  (U.S.  Pat.  938308, 
Oct.  26,  1909)  heat  sawdust  with  a minimum  of 
5 p.c.  acid  to  a temperature  between  135°  and 
162°.  The  use  of  2-6  p.c.  hydrofluoric  acid 
has  also  been  suggested  (Orlowski,  Fr.  Pat. 
405187,  July  17,  1909). 

(^-Mannose  CgHigOg  occurs  in  nature  in  the 
form  of  anhydride -like  condensation  products, 
known  as  mannosans.  It  is  best  prepared  from 
the  vegetable  ivory  nut  (steinnuss)  which  is  used 
in  Berlin  and  elsewhere  for  the  manufacture  of 
buttons  and  collar  studs.  The  waste  turnings 
are  hydrolysed  to  mannose  by  boiling  for  6 hours 
with  2 parts  of  hydrochloric  acid.  It  was  origin- 
ally obtained  by  Fischer  and  Hirschberger  by 
oxidising  mannitol  with  nitric  acid.  Mannose  is 
characterised  by  forming  an  insoluble  yellow 
phenylhydrazone,  m.p.  186° -188°,  and  use  is 
made  of  this  compound  in  isolating  it  from 
solution.  The  hydrazone  is  subsequently  decom- 
posed with  benzaldehyde,  or  better,  formalde- 
hyde, and  the  resulting  solution  concentrated 
in  vacuo  till  the  sugar  crystallises.  It  may  even 
be  isolated  in  the  solid  form  without  the  inter- 
mediate formation  of  the  phenyl  hydrazone 
(Hudson  and  Sawyer,  J.  Amer.  Chem.  Soc.  1917, 
39,  470). 

Mannose  separates  in  colourless  rhombic 
crystals  \a  :b:  c=0'319  : 1 : 0‘826]  of  sweet 
taste,  m.p.  132°  ; sp.gr.  1'539.  100  c.c.  of  the 

saturated  aqueous  solution  at  17*5°  contain 
24*8  grams  ; in  absolute  alcohol  it  is  almost 
insoluble.  It  shows  muta-rotation,  the  equi- 
librium value  being  [a] -[-14*5°.  The  a-form  has 
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[a]^+34-0°,  and  the  j8-form  17*0'’  (Hudson 

and  Dale,  J.  Amer.  Chem,  Soc.  1917,  39,  320). 

It  is  very  similar  to  dextrose  in  all  its  proper- 
ties, yielding  the  same  phenylosazone.  It  is 
fermented  by  all  yeasts  which  attack  dextrose 
and  Isevulose.  Bromine  oxidises  it  to  mannonic 
acid ; sodium  amalgam  reduces  it  to  mannitol. 

a-Methyl  mannoside  had  m.p.  190®,  [a]^^+80°. 

The  oxime  crystallises  in  colourless  needles, 
m.p.  167°-180®.  Like  the  phenylhj'drazone,  the 
substituted  hydrazones  are  all  sparingly  soluble. 

Caroubinose,  a carbohydrate  isolated  from 
the  seeds  of  the  carob  bean,  is  identical  with 
mannose. 

d-Galactose  CaHiaOg.  Milk  sugar,  when 
hydrolysed  by  means  of  acids  or  enzymes, 
yields  dextrose  and  galactose  in  equal  propor- 
tions. On  a commercial  scale,  sulphuric  acid  is 
used  to  effect  hydrolysis  under  pressure  at 
105°,  after  which  the  solution  is  neutralised  and 
concentrated  until  an  amount  which  contained 
500  grams  of  milk  sugar  weighs  640  grams.  The 
syrup  is  set  aside  with  a few  crystals  of  galactose, 
and,  after  some  days,  the  crystalline  mass  is 
washed  with  80  p.c.  alcohol,  and  the  galactose 
purified  by  recrystallisation  from  aqueous 
alcohol.  Even  the  very  best  commercial  galac- 
tose contains  minute  quantities  of  dextrose ; 
to  remove  this  it  must  be  treated  with  a pure 
culture  of  some  yeast,  such  as  jS.  Ludwigii, 
which  ferments  dextrose,  but  not  galactose. 

Galactose  is  a constituent  of  raffinose  and 
stachyose,  and  is  widely  distributed  in  the  poly- 
meric form,  galactan,  particularly  in  gums  and 
seaweeds.  It  occurs  in  a few  glucosides.  It  is 
a colourless  crystalline  powder,  G-lHaO,  m.p. 
118°-120°  (from  water),  anhydrous  m.p.  165° 
(from  alcohol),  less  soluble  than  dextrose,  and 
has  the  same  general  properties  as  dextrose. 
The  most  characteristic  behaviour  is  the 
formation  of  mucic  acid  on  oxidation  with 
nitric  acid. 

Galactose  exhibits  muta-rotation ; the  a- 
isomeride  has  [a]^-l-144°,  the  jS-modification 

+52°.  The  equilibrium  value  is  [a]^+80'6°. 

The  influence  of  concentration  and  temperature 
on  this  value  is  expressed  by  the  equation 
[a]j)= 83  -883 +0  -0785^  -0  -209^ 
where  p and  t denote  concentration  and  tem- 
perature respectively. 

Galactose  derivatives  are  prepared  similarly 
to  the  corresponding  dextrose  compounds.  The 
a-pentanitrate  (Will  and  Lenze,  Ber.  31,  68) 
forms  needles,  m.p.  11 5° -11 6°  ; the  ;8-isomeride 
has  m.p.  72°-73°  ; the  y8-pentacetate  has 
m.p.  142°  ; a-methylgalactoside  has  m.p. 

111° -11 2°,  [a]^^+179'3°,  and  crystallises*  in 

transparent  doubly  refractive  needles ; the 
^-isomeride  forms  needles,  m.p.  173°-176°, 

[a]^  +2'6°  ; the  phenylhydrazone  has  m.p. 

158°,  the  phenylosazone  when  quickly  heated 
melts  at  193° -194°. 

Galactose  penta-acetate  has  been  isolated  in 
four  forms  : — 

(i)  m.p.  142°,  [a]jj+25°  (in  chloroform),  +8°  (in 

benzene) ; 

(ii)  m.p.  95*5°,  [a]j^+107°  (in  chloroform)  ; 


(iii)  m.p.  98°,  [a]  —42°  (in  chloroform)  ; 

(iv)  m.p.  87°,  [a]^+61°. 

(Hudson  and  Parker,  J.  Amer.  Chem.  Soc.  1915, 
37,  1589,  1591  ; Hudson  and  Johnson,  ibid. 
1916,  38,  1223). 

Some  yeasts  ferment  galactose,  but  not  all 
those  which  ferment  dextrose  and  Isevulose.  It 
is  apparently  possible  to  grow  a yeast  in  presence 
of  galactose  and  dextrose,  until  it  acquires  the 
power  of  fermenting  galactose.  Galactose  is 
identical  with  the  sugar  cerebose,  isolated  from 
the  brain  by  Thudichum,  where  it  is  a constituent 
of  the  cereborsides,  phrenosin  and  kerasin. 

Laevulose  or  d-Fructose  CgHigOg  is  a keto- 
hexose  or  ketose  sugar.  It  is  found  together 
with  dextrose  in  honey  and  in  many  fruits,  and, 
combined  with  dextrose,  it  occurs  in  sucrose, 
raffinose,  stachyose,  &c.  Inulin,  found  in 
dahlia  tubers,  is  eompletely  converted  into 
fructose  on  hydrolysis.  It  has  not  so  far 
been  produced  by  the  hydrolysis  of  any  glu- 
eoside. 

It  is  termed  d-fructose,  in  spite  of  the  Isevo- 
rotation,  to  indicate  that  it  belongs  to  the 
d-mannitol  series 

After  prolonged  heating  at  165°-170°,  cane 
sugar  becomes  converted  into  a mixture  of 
IcCvulosan  (CgH^oOg)  and  dextrose,  without 
change  of  weight.  On  fermenting  the  aqueous 
solution  of  the  mass  with  yeast,  the  dextrose  is 
decomposed,  while  the  Isevulosan  remains  un- 
changed, and  may  afterwards  be  converted  into 
Isevulose  by  treatment  with  dilute  acids. 

Preparation. — It  is  best  prepared  from  inulin. 
100  grams  of  inulin  with  1 p.c.  ash  are  heated 
with  250  e.c.  water  and  0*5  gram  hydrochloric 
acid  for  half  an  hour  in  a boiling  water-bath, 
neutralised  with  1*5  grams  sodium  carbonate 
evaporated  on  the  water-bath  at  60° , and  finally 
over  sulphuric  acid  in  vacuo  to  a thick  syrup. 
This  is  extracted  with  absolute  alcohol,  put  aside 
for  24  hours,  the  solution  poured  off  elear,  and 
inoculated.  Complete  erystallisation  of  the 
Isevulose  is  obtained  in  3 days,  and  it  is  quite 
pure  after  one  more  crystallisation. 

Inulin  may  also  be  hydrolysed  with  0*5 
vol.  p.c.  oxalic  acid. 

(For  the  preparation  from  Jerusalem  arti- 
chokes, see  U.S.  Pat.  789422,  Feb.  18,  1908.) 

To  obtain  laevulose  from  sucrose,  the  latter  is 
first  inverted  by  means  of  mineral  acids  or  inver- 
tase,  and  the  acid  removed  by  neutralisation 
with  baryta  or  silver  oxide.  The  invert  sugar 
resulting  contains  both  dextrose  and  laevulose, 
which  may  be  separated  as  follows  : 6 grams  of 
finely  powdered  slaked  lime  is  added  to  every 
100  c.c.  of  a neutral  ice-cold  10  p.c.  solution  of 
invert  sugar,  and  the  solution,  which  at  first 
sight  is  merely  milky,  is  agitated,  the  vessel 
being  preferably  immersed  in  ice-eold  water  until 
it  acquires  a creamy  consistency.  The  mass, 
which  consists  of  the  difficultly  soluble  ealcium 
laevulosate  CaO'CgHjaOg'HgO,  together  with  the 
easily  soluble  ealcium  dextrosate,  is  filtered 
through  linen,  and  strongly  pressed  to  remove 
the  greater  part  of  the  liquid,  and  is  suspended 
in  water  and  decomposed  by  addition  of  oxalic 
acid  or  by  passage  of  carbonic  acid  gas.  The 
filtered  solution  is  evaporated  in  vacuo  over 
sulphuric  acid,  with  production  of  anhydrous 
' la?vulose.  Calcium  lawulosate  dissolves  in  137 
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parts  of  water  at  15°,  and  is  almost  insoluble 
at  0°. 

Lsevulose,  when  pure,  crystallises  from 
alcohol,  and  even  from  aqueous  solution,  in 
needles,  also  in  crusts  of  transparent  prisms, 
which  are  not  hygroscopic.  It  has  m.p. 
95°,  1*669.  It  sublimes  unchanged  but 

very  slowly  at  100°/l-2  mm.  (Ghosh,  J.  C.  S. 
Abstr.  1917,  112,  (i.)  80).  It  is  very  soluble  in 
water,  almost  insoluble  in  cold  absolute  alcohol. 
It  is  much  sweeter  than  dextrose,  and  somewhat 
sweeter  than  sucrose.  It  exhibits  muta-rotation, 
and,  no  doubt,  exists  in  solution  as  an  equili- 
brated mixture  of  stereoisomeric  7-oxide  forms. 

The  initial  rotation  [a'l^^  —104°  falls  to 

90 

[a]^  —92°  (Parkus  and  Tollens,  Annalen,  257. 

160).  The  specific  rotatory  power  is  very  con- 
siderably infiuenced  by  changes  of  temperature 
and  concentration,  which  cause  an  alteration  in 
the  pro23ortions  of  the  isomerides  in  the  equili- 
brium mixture.  The  rotatory  power  usually 

taken  is  [a]^^-93*8°.  It  faUs  0*6385°  for 

each  degree  centigrade  of  increase  in  tempera- 
ture, and  at  87*3°  is  equal  but  opposite  to  that 
of  dextrose.  This  property  is  taken  advantage 
of  in  determining  its  proportion  in  presence  of 
other  sugars,  the  rotation  being  observed  at  two 
different  temperatures. 

According  to  Soxhlet,  the  relative  reducing 
powers  of  laevulose  and  dextrose  on  Fehling’s 
solution,  in  1 p.c.  solution,  are  475  : 513  ; but 
Alhhn  finds  that  if  the  solutions  be  boiled  for 
30  minutes  (instead  of  for  2 minutes,  as  in 
Soxhlet’s  experiments),  their  reducing  powers 
are  identical.  On  Knapp’s  mercurial  solution 
their  action  is  the  same,  but  on  Sachsse’s  mer- 
curial solution  their  actions  are  100  (lsevulose) 
and  148*6  respectively. 

Oxidation  converts  lsevulose  into  acids  with 
fewer  carbon  atoms,  glycoUic  and  trihydroxy- 
butyric.  On  reduction  with  sodium  amalgam, 
mannitol  and  sorbitol  are  formed.  Acids  attack 
it  far  more  readily  than  dextrose  with  the  pro- 
duction of  Isevuhc  and  formic  acids  ; alkalis  some- 
what less  readily.  Heating  concentrated  solutions 
with  oxahc  acid  forms  4-hydroxymethylfurfurol, 
whilst  it  interacts  with  hydrogen  bromide  in 
ethereal  solution,  forming  4-bromomethylfur- 
CH  : C(CH2Br). 

furol  [ ^0  (Fenton  and  Gostling, 

OH  : C(OHO) 

Chem.  Soc.  Trans.  1899,  75,  423  ; 1901,  79,  361). 

It  is  fermented  by  all  yeasts  which  attack 
dextrose. 

By  the  action  of  methyl  alcohol  and  hydrogen 
chloride  (0*5  p.c.)  at  35°,  a syrup  is  obtained 
which  probably  represents  a mixture  of  methyl 
fructosides.  It  is  partially  hydrolysed  by  yeast 
extract. 

Fructose  diacetone  CiaHaoOg,  prepared  in  a 
similar  manner  from  acetone,  forms  needles, 
m.p.  11 9° -120°  [a]j)  — 161°.  An  isomeride  has 
m.p.  97°  [a]D-33*7°. 

The  osazones  of  lsevulose  are  identical  with 
those  of  dextrose.  Lsevulose  is  more  easily 
oxidised  by  disubstituted  phenylhydrazines,  and 
forms  a characteristic  osazone  with  methyl- 
phenylhydrazine,  long  yellow  needles,  m.p. 
158° -160°. 


To  prepare  this,  4 grams  of  methylphenyl- 
hydrazine  are  added  to  1*8  grams  lsevulose,  in 
10  c.c.  water,  and  enough  alcohol  to  make  a 
clear  solution  further  2 c.c.  of  acetic  acid  are 
added,  and  the  mixture  heated  5-10  minutes  at 
most  on  the  water-bath.  It  is  then  covered  and 
allowed  to  stand.  Within  2 hours  red  crystals 
are  obtained,  which  may  be  recrystallised 
from  10  p.c.  alcohol. 

Fructose  penta-aoetate  melts,  when  pure,  at 
108°-109°,  has  [a]^  —121°,  and  crystallises  in 

brilliant  colourless  needles,  1 cm.  in  length 
(Hudson  and  Brauns,  J.  Amer.  Chem.  Soc. 
1915,  37,  1283). 

Sorbose  (Sorbinose)  CgHiaOg  is  the  keto- 
hexose  obtained  from  the  juice  of  the  mountain- 
ash  berries,  which  has  been  exposed  to  the  air 
and  allowed  to  ferment.  The  juice  contains 
sorbitol ; this  is  oxidised  by  bacterium  xylinum 
to  sorbose. 

The  juices  are  evaporated  to  1*05  sp.gr., 
allowed  to  stand  some  days  till  the  sugar  is 
fermented,  and  the  clear  liquid  poured  into  flat 
dishes  and  inoculated  with  an  active  culture  of 
B-xylinum  (Bertrand,  Ann.  Chim.  Rhys.  1904, 
[viii.]  3,  181).  This  is  left  at  30°  till  the  reduc- 
tion is  a maximum,  clarified  with  lead  acetate, 
excess  of  lead  precipitated  as  sulphate,  and  the 
neutral  filtrate  concentrated  in  vacuo.  When 
pure  sorbitol  is  available,  100  grams  are  dis- 
solved in  500  c.c.  water,  some  nutrient  solution 
for  the  bacterium  added,  and  the  fermentation 
carried  out  as  above. 

Sorbose  forms  rhombic  crystals  of  a sweet 
taste,  m.p.  154°  ; it  reduces  Fehling’s  solution, 
and  generally  behaves  as  lsevulose,  but  yields 
sorbitol  on  reduction.  It  is  not  fermentable  by 
yeasts.  It  is  Isevo -rotatory,  having  [ajj,— 42°. 

Sorbose  phenylosazone  is  similar  to  the 
dextrose  compound,  but  has  m.p.  164°. 

The  properties  are  in  agreement  with  the 
structural  formula  *. 

HO  H OH 

CHoOH*CO*C  * C * C * CH2OH 
H OH  H 

Methyl  sorbinoside  crystallises  in  trans- 
parent thick  plates,  m.p.  120° -122°  (Fischer,  Ber. 
28,  1159). 

Heftoses. 

cZ-Mannoketoheptose.  Occurs  in  the  Avocad  o 
pear  {Persea  gratissima)  (La  Forge,  J.  Biol. 
Chem.  1917,  28,  511).  It  has  m.p.  152°, 
[a]^+29°.  It  is  not  fermented  by  yeast,  and 

does  not  show  mutarotation.  It  gives  a colour^ 
reaction  with  orcinol  and  hydrochloric  acid  like 
other  heptoses.  The  p-bromophenylhydrazone 
melts  at  179°,  the  phenylosazone  is  identical 
with  that  from  (i-mannoaldoheptose. 

On  reduction  the  sugar  yields  d-persitol  and 
d-mannoheptitol. 

Since  the  p-bromophenylhydrazone  of  d-a- 
mannoaldoheptose  melts  at  207°-208°,  and  that 
of  cZ-^-mannoaldoheptose  is  an  oil,  the  con- 
figuration of  the  sugar  must  be  : — 

H H OH  OH 

CHo(OH)-C  * C * C C * C0*CH2(0H) 

OH  OH  H H 
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Perseulose  {l.c.)  is  shown  to  be  l-galaheptose : — 
H OH  OH  H 

CH2(0H)-C0-C  • C • C • C • CH2(0H) 
OH  H H OH 

Sedoheptose.  Occurs  in  Sedum  spectabile 
(La  Forge  and  Hudson,  J.  Biol.  Chem.  1917,  30, 
61)  as  a non-fermentable,  reducing  syrup. 

Phenylosazone,  m.p.  197° ; j)-hromophenyl- 
hydrazone,  m.p.  227°-228°  ; the  osone  is  a syrup, 
its  o-phenylenediamine  derivative  melts  at 
163°-165°.  ■ 

Bromine  water  does  not  oxidise  the  sugar, 
but  it  reduces  with  sodium  amalgam  to  two 
alcohols  C7H,607  : — 

a-Sedoheptitol,  m.p.  151°-152°,  [a]^+2‘25°  ; 

j8-Sedoheptitol,  m.p.  127°-128°,  optically 
inactive. 

The  two  alcohols  are  separable  by  their 
benzyUdene  derivatives. 

These  reactions  indicate  that  the  sugar  is  a 
ketose. 

AnJiydrosedoheptose  C7H12O6  is  formed  when 
sedoheptose  is  heated  with  dilute  acids.  It 
forms  long  white  prisms,  melting  at  155°, 
[ajj^— 146°.  It  shows  no  mutarotation,  does 

not  reduce  Fehling’s  solution,  and,  when  boiled 
with  dilute  acid,  gives  an  equilibrium  mixture 
which  contains  20  p.c.  of  sedoheptose. 


Pentoses  C5H10O5. 


These  are  widely  distributed  in  plants,  where 
they  are  present  in  the  skeletal  structure,  and 
do  not,  like  the  hexoses,  serve  as  food  products. 
Pentoses  also  appear  to  be  a constituent  of 
many  of  the  tissues  of  the  animal  body,  and  are 
sometimes  found  in  urine.  Both  the  natural 
pentoses,  Z-arabinose  and  ^-xylose,  belong  to  the 
Icevo-  series.  Dextrose  {dextro-glueo^Q),  when 
degraded  by  the  methods  of  Ruff  or  Wohl,  gives 
rise  to  the  isomeric  d-arabinose.  However,  the 
natural  pentoses  are  closely  related  to  the 
natural  hexoses.  For  example,  the  space 
arrangement  of  the  groups  attached  to  the  upper 
four  carbon  atoms  is  the  same  in  d-glucose  as 
it  is  in  Z-xylose  : 


CHO 

CHO 

1 

HCOH 

HCOH 

1 

HOCH 

HOCH 

1 

HCOH 

HCOH 

CH2OH 

HCOH 

Z-Xylose, 

CH2OH 

<Z-Glucose. 

CHO 

I 

HOCH 

HCOH 

I 

HCOH 

CH2OH 

(Z-Arabinose. 


A similar  relationship  exists  between  galac- 
tose and  arabinose,  which  occur  together  in 
many  gums,  whilst  some  polysaccharides  yield 
both  xylose  and  glucose  on  hydrolysis.  The 
pentoses  do  not  occur  as  such,  but  in  the  form 
of  condensation  products  of  high  molecular 
weight,  termed  ‘ pentosans  ’ (araban  or  xylan). 
These  are  comparable  with  the  hexose  condensa- 
tion products,  starch  and  cellulose  ; as  a rule, 
the  pentosans  contain  both  C5  and  Cg  carbo- 
hydrates. 

The  mechanism  of  the  formation  of  pentoses 


in  the  plant  is  not  yet  clear.  Some  authorities 
consider  they  are  derived  by  oxidation  from  the 
hexoses  ; others  advocate  the  view  that  they  are 
directly  formed  in  the  cell,  like  the  hexoses,  but 
independently  of  these.  Such  a transformation 
as  that  from  dextrose  to  Z-xylose  has  not  been 
effected  in  the  laboratory:  the  chemical  degrada- 
tion of  dextrose  by  oxidation  leads  to  cZ-arabinose. 
The  pentoses  show  all  the  general  chemical 
properties  of  the  hexoses.  Biochemically, 
they  are  different,  being  not  fermentable  by 
yeasts,  whilst  their  glucosidic  derivatives  {e.g. 
the  methyl  arabinosides  and  xylosides)  are  not 
hydrolysed  by  any  of  the  better-known  plant 
enzymes.  They  are  attacked  by  a number  of 
bacteria.  Characteristic  of  the  pentoses  is  the 
1 formation  of  furfurol  on  distillation  with  hydro- 
chloric acid.  They,  therefore,  show  colour  re- 
actions with  orcinal  and  phloroglucinol.  Equal 
parts  of  concentrated  hydrochloric  acid  and 
water  are  taken,  together  with  the  pentose  and  a 
little  orcinol  or  phloroglucinol,  and  the  mixture 
warmed  in  the  water- bath.  With  orcinol  the 
solution  becomes  red,  then  violet,  and  finally 
blue  or  blue -green,  with  the  separation  of  a 
precipitate  which  dissolves  in  amyl  alcohol, 
giving  a blue-green  solution ; this  shows  an 
absorption  band  between  C and  D.  With 
phloroglucinol  the  solution  becomes  cherry-red, 

! and  a precipitate  is  formed,  giving  a red  solution 
in  amyl  alcohol,  with  an  absorption  band 
between  D and  E. 

Z-Arabinose  CgHjoOg  is  obtained  by  hydrolysis 
of  most  gums,  particularly  gum  arable  and 
cherry  gum. 

Preparation. — A solution  of  gum  arabic,  or 
allied  gum  (dextro-rotatory,  and  yielding  little 
mucie  acid  by  the  action  of  nitric  acid,  by  prefer- 
ence), containing  30-40  grams  of  the  gum,  and 
2-3  c.c.  sulphuric  acid  in  100  c.c.,  is  boiled  for 
7-12  minutes,  cooled,  the  acid  neutralised  with 
calcium  or  barium  hydroxide  or  carbonate  and 
alcohol,  sp.gr.  0'83  added  as  long  as  a precipitate 
is  produced.  This  precipitate  soon  settles,  leav- 
ing the  alcoholic  solution  clear.  On  distilling  off 
the  alcohol  and  evaporating  to  a syrup,  arabinose 
crystallises  out.  The  substance  is  ob'tained  in 
well-defined  rhombic  prisms,  with  monoclinic 
termination,  by  recrystallising  from  water. 
With  some  gums  the  digestion  of  the  acid  solu- 
tion can  be  continued  for  2 hours  with  increased 
yield  of  arabinose,  and  without  impairing  the 
purity  of  the  product.  The  crystals  are  anhy- 
drous ; m.p.  160°. 

Arabinose  has  [a]j)+104°  to  -1-105°,  the 
activity  increasing  with  the  strength  of  the 
solution,  and  decreasing  as  the  temperature  at 
which  it  is  observed  is  raised. 

It  exhibits  muta-rotation,  a-arabinose  having 
the  initial  rotatory  power  [a]p-l-175°,  decreasing 
to  -1-104°.  ;8-Arabinose  has  not  been  isolated. 
Accordingly,  like  dextrose,  it  has  a 7-oxidic 
structure. 

The  heat  of  combustion  is  558  cals. 

Arabinose  reduces  Fehling’s  solution,  the 
amounts  of  copper  oxide  produced  by  equivalent 
weights  of  arabinose  and  dextrose  being  as 
111  : 100. 

Bromine  oxidises  it  to  Z-arabonic  acid 
CgHjoOg,  which  crystallises  as  the  lactone 
CgHgOg,  m.p.  95°-98°,  Nitric  acid 
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forms  oxalic  acid  as  the  final  jjroduct,  but  in 
dilute  solution,  firstly  arabonic  acid,  and  secondly 
Z-trihydroxyglutaric  acid,  m.p.  127°,  are  formed. 
On  reduction,  amongst  other  products,  Z-arabitol, 
m.p.  102°,  is  formed,  which  is  optically  inactive, 
but  becomes  laevo -rotatory  in  presence  of  borax. 

Arabinose  forms  an  additive  compound  with 
hydrogen  cyanide,  which  is  hydrolysed  to 
arabinose  carboxylic  acid.  This  is,  in  reality,  a 
mixture  of  two  acids,  of  which  the  lactones  on 
reduction  give  rise  to  Z-glucose  and  Z-mannose. 

The  diphenylhydrazone,  m.p.  218°,  is 
almost  insoluble.  The  other  hydrazones  have 
the  following  melting-points : phenyl,  151° ; 
p-bromophenyl,  150°  ; a-methylphenyl,  161°  ; 
a-ethylphenyi,  153° ; a-amylphenyl,  120° ; a- 
allylphenyl,  145° ; a-benzoylphenyl,  170°  ; 0- 
naphthyl,  141°.  Arabinose  phenylosazone,  m.p. 
160°,  is  prepared  similarly  to  the  dextrose  com- 
pound. It  is  slightly  more  soluble,  and,  when 
boiled  with  benzaldehyde,  arabinosone  is  formed. 
The  p-bromophenylosazone  has  m.p.  196°-200°. 

Arabinose  forms  crystaUisable  compounds 
with  the  aromatic  diamines  and  diamino-acids. 

Z-Xylose  is  obtained  by  the  hydrolysis  of 
wood  gum  (xylan)  extracted  from  wood  by 
dilute  soda  solution. 

According  to  Bertrand  (Bull.  Soc.  chim.  [3] 
5,  554),  it  may  be  obtained  from  wheat  or  oat 
straw  by  first  extracting  the  straw  with  tepid 
water,  and  then  boiling  it  for  several  hours  with 
dilute  (1-2  p.c.)  sulphuric  acid.  The  liquor,  after 
removal  of  the  sulphuric  acid  by  baryta,  is  con- 
centrated on  the  water- bath  and  treated  with 
alcohol ; this  extracts  the  xylose,  which  forms 
a syrup  on  evaporation  of  the  alcohol,  solidify- 
ing on  the  addition  of  a crystal  of  xylose.  The 
yield  is  about  2 p.c.  from  wheat  straw,  and  4 p.c. 
from  oat  straw. 

Another  convenient  source  are  oat  hulls, 
which  are  cleaned  by  soaking  in  dilute  ammonia, 
washed  and  hydrolysed  with  sulphuric  acid. 
Hudson  and  Harding  (J.  Amer.  Chem.  Soc. 
1917,  39,  1038)  obtained  a yield  of  8-12  p.c. 
of  xylose  by  direct  acid  hydrolysis  of  cotton- 
seed hulls.  A more  suitable  source  is  maize 
cobs  {idem.  1918,  40,  1601).  Xylose  crystallises 
in  orthorhombic  prisms,  m.p.  144°-145°  or 
150°-154°.  It  exhibits  muta-rotation,  a-xylose 
having  [a]^-l-79°,  falling  to  +19°,  which  is  the 

rotation  of  the  equilibrated  mixture.  The  heat 
of  combustion  is  561  cals.  Bromine  oxidises 
it  to  xylonic  acid,  a syrup  which  is  at  first 
laevo-rotatory,  but  reaches  [a]^+17'5°,  as  it  is 

transformed  into  the  lactone  in  solution.  It 
forms  a very  characteristic  insoluble  compound 
CgHgOgCdBrjHaO  with  cadmium  bromide.  Nitric 
acid  in  the  cold  forms  an  optically  inactive 
trihydroxyglutaric  acid. 

On  reduction,  inactive  xylitol,  a syrup,  is 
formed. 

a-Methylxyloside  has  m.p.  90° -92°,  [a]jj  -1-152; 
the  ^-isomeride  has  m.p.  156° -157°,  [a]p-65  9°. 
With  hydrogen  cyanide  two  xylose  carboxylic 
acids  are  formed,  which  yield  Z-gulose  and  Z-idose 
on  reduction. 

The  phenylhydrazone  has  m.p.  116°  ; the 
/3-naphthylhydrazone,  m.p.  70°  ; and  the  phenyl- 
osazone, m.p.  166°. 

The  methyl  pentoses  are  pentose  carbohy- 
drates, in  which  one  of  the  hydrogen  atoms  in 


the  primary  alcohol  group  is  replaced  by  methyl. 
They  appear  to  be  widely  distributed,  but  their 
biochemical  significance  is  not  yet  understood. 
They  show  the  same  reactions  as  the  pentoses, 
and,  Hke  these,  are  not  fermented  by  yeasts. 
Characteristic  is  the  formation  of  methylfurfur- 
aldehyde  on  distillation  with  acids. 

Rhamnose  (Isodulcitol)  C6Hi205,H20,  on 
account  of  its  empirical  formula,  and  the  ease 
with  which  it  crystallised,  was  formerly  classed 
with  dulcitol  and  mannitol,  hence  the  original 
name  of  Zsodulcitol.  Its  chemical  behaviour 
shows  it  to  be  a methyl  pentose.  It  appears  to 
be  widely  distributed  in  nature  in  the  form  of 
glucosides,  the  best  known  of  which  are  xantho- 
rhamnin,  the  colouring  matter  of  Persian  berries 
and  quercitiin.  Other  glucosides  containing 
rhamnose  are  baptisin,  fisetin,  frangulin,  fustin, 
datisciri,  glycyphyllin,  hesperidin,  naringin, 
rutin,  sophorin  {v.  Glucosides). 

It  is  prepared  by  extracting  Persian  berries 
with  hot  alcohol,  distilling  off  the  alcohol,  and 
heating  the  xanthorhamnin  on  the  water- bath 
for  2 hours,  with  6 p.c.  sulphuric  acid.  The 
precipitated  rhamnetin  is  filtered,  the  filtrate 
neutralised  with  barium  carbonate,  and,  after 
removal  of  the  barium  sulphate,  evaporated  to 
a syrup.  This  is  diluted  hot  with  absolute 
alcohol,  and  the  solution  allowed  to  stand,  when 
it  deposits  hard  lustrous  crystals  of  rhamnose. 
About  15-20  grams  are  obtained  per  kilo,  of 
berries. 

It  is  advantageously  prepared  from  the 
residues  of  the  manufacture  of  quercitron 
extract,  when  these  are  available. 

Rhamnose  has  the  constitutional  formula  : 

HO  HO  H H 

I I I I 

CHg-C — C C- — C CHO 

111! 

H H HO  HO 

Until  recently  the  positions  of  the  groups 
attached  to  the  carbon  atom  next  to  the  CHg'- 
group  were  uncertain,  but  Fischer  and  Zach 
(Ber.  1912,  45,  3761)  have  obtained  <Z-isorham- 
nose  by  a series  of  reactions  from  triacetyl 
dibromoglucose,  in  which  compound  the  two 
halogen  atoms  are  attached  to  the  terminal 
carbon  atoms  of  the  sugar  chain. 

The  hydrate  softens  at  89°  ; m.p.  92°-93.° 
When  anhydrous,  it  crystallises  from  acetone  in 
needles  ; m.p.  122°-126°  (Fischer),  108°  (Tanret). 
Like  dextrose,  it  exists  in  a-  and  )8-  modifications, 
which  are  in  equilibrium  in  solution.  The  a- 
form  has  17°;  the  /3-  form  [a]^+3]'5°; 

and  the  equilibrated  mixture  has  [«]jj+9°.  It 

sublimes  slowly  and  unchanged  at  105°/l-2  mm. 

Bromine  oxidises  it  to  rhamnonic  acid ; 
with  nitric  acid  it  yields  a mixture  of  formic, 
oxalic,  and  trihydroxyglutaric  acids  C5H3O7. 
On  reduction,  the  corresponding  alcohol  rhamni- 
tol  is  formed. 

The  phenylhydrazone  has  m.p.  159°;  methyl- 
phenylhydrazone,  m.p.  124° ; ethylphenyl- 
hydrazone,  m.p.  124°  ; allylphenylhydrazone, 
m.p.  135° ; amylphenylhydrazone,  m.p.  99°  ; 
diphenylhydrazone,  m.p.  134° ; benzylphenyl- 
hydrazone,  m.p.  121° ; i8-naphthy]hydrazone, 
m.p.  170°.  Rhamnose  phenylosazone  crystal- 
lises in  slender  yellow  needles,  slightly  soluble 
in  boiling  water  ; m.p.  190°-192°. 
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Methylrhamnoside  has  m.p.  108°-109°, 
[a]^  — 62°;  acetone  rhamnoside,  m.p.  90°-91°. 

Other  derivatives  are  rhamnose  ethylmercap- 
tal,  m.p.  135°-137°  ; rhamnose  oxime,  m.p.  127°- 
128°  ; rhamnose  anilide,  m.p.  118°. 

Fucose  CgHigOg 

H H OH 

CHo-CHfOH)— C— C • C • CHO 
OHOHH 

is  obtained  by  hydrolysing  the  polymer  fucosan, 
which  is  a component  of  the  cell- wall  of  many 
marine  algse.  It  is  also  present  in  Fucus 
vesiculosus,  in  laminaria  and  Carragheen  moss. 
The  seaweed  is  washed  with  water  and  dilute 
hydrochloric  acid,  and  boiled  for  12  hours  with 
3 p.c.  sulphuric  acid.  The  acid  is  neutralised 
with  baryta,  the  filtrate  concentrated  to  a 
syrup,  taken  up  with  alcohol,  concentrated 
again,  and  the  sugar  isolated  as  hydrazone. 
Reduction  with  sodium  amalgam  gives  d- 
fucitol  (Votocek,  1913,  46,  3653),  m.p.  153°- 
154°,  which  combines  with  rhodeitol  to  form 
r-fucitol. 

Fucose  crystallises  slowly  in  minute  needles, 
m.p.  130°-140°.  It  exhibits  muta-rotation  [a^J, 

being  initially  —112°,  falling  to  — 74‘4°  to 
-77°. 

The  phenylhydrazone  has  m.p.  170°-172°  ; 
the  phenylmethylhydrazone,  m.p.  177°  ; phenyl- 
benzylhydrazone,  m.p.  172°-173° ; diphenyl- 
hydrazone,  m.p.  198° ; p-bromophenylhydra- 
zone,  m.p.  181°-184°.  Fuconic  acid  lactone 
has  m.p.  106°-107°,  [a]j^+73°  to  -f  78*3°. 

Epifucose.  Fuconic  acid  lactone,  heated 
with  pyridine  at  145°-150°,  is  converted  to 
epifuconic  acid  lactone  (Votocek  and  Cerveny, 
Ber.  1915,  48,  658),  which  on  reduction  with 
sodium  amalgam  gives  epifucose 

H H OH 

CH3-CH(0H)  • C • C • C • CHO 
OH  OHH 

a syrup,  [a]^  — 9°,  whose  phenylhydrazone  and 

p-bromophenylhydrazone  are  identical  with  those 
of  fucose. 

Rhodeose  is  the  optical  antipode  of  fucose 
(Miither  and  Tollens,  Ber.  1904,  37,  306).  It 
has  [a]  -1-73°  to  -1-75*2°,  and  forms  derivatives 

having  the  same  melting-point  as  those  from 
fucose  just  described.  Rhodeonic  acid  lactone 
has  m.p.  105*5°, [a]^ — 76*3°  to  — 69*4°.  Rhodeose 

is  obtained  from  the  glucoside  convolvulin. 

The  configuration  of  rhodeose  is  shown  by 
the  following  reactions  (Hudson,  J.  Amer.  Chem. 
Soc.  1911,  33,  405 ; Votocek,  Ber.  1910,  43, 
476) 

(а)  Oxidation  of  rhodeonic  acid  lactone 
gives  Z-trioxyglutaric  acid. 

(б)  Reduction  of  rhodeose  gives  rhodeitol, 
not  attacked  by  sorbose  bacterium. 

(c)  The  rhodeohexonic  acid  produced  by 
applying  the  cyanohydrin  reaction  to  rhodeose 
yields,  on  oxidation,  saccharic  acid. 

Hence  rhodeose  is 

OH  OH  H 

CH3*CH(0H)  • C . C . C . CHO 
H H OH 

Epirhodeose  (Votocek,  Ber.  1911,  44,  362). 
Rhodeonic  acid,  heated  with  pyridine  at  i 


150°-160°,  is  epimerised  to  epirhodeonic  acid, 
the  lactone  of  which  on  reduction  gives  epirTio- 
deose  : 

OH  OH  OH 

CH3*CH(0H)  * C • C * C • CHO 
H H H 

The  sugar  is  a syrup  which  gives  the  same 
osazone  as  rhodeose  ; it  oxidises  to  trioxyribo  - 
glutaric  acid,  m.p.  184°-185°,  [a]^-l-12°. 

Isorhodeose  (Votocek,  Ber.  1910",  43,  476  ; 
1911,  44,  819,  3287). 

This  occurs  combined  with  rhodeose,  rham- 
nose, and  other  compounds  in  the  glucoside 
convolvuhn ; it  is  the  optical  antipode  of 
Fischer’s  isorhamnose.  The  configuration  is 
shown  by  the  following  reactions  : — 

(a)  Oxidation  with  nitric  acid  produces 
^-trioxyglutaric  acid. 

(&)  Oxidation  with  bromine  water  gives 
isorhodeonic  acid,  which  reacts  : — 

(i.)  With  pyridine  at  150°  to  give  anti- 
rhamnonic  acid,  which  reduces  to  antirliamnose. 
HCN  converts  this  sugar  to  anti-rhamiiohexonio 
acid,  which  may  be  further  oxidised,  giving 
mucic  acid. 

(ii.)  With  H2O2  in  presence  of  iron  to  give  a 
methyltetrose,  which  oxidises  to  Z-tartaric  acid. 

Isorhodeose  is  therefore 

OH  OH  H 

CH3*CH(0H)  * C * C * C * CHO  • 
OHH  OH 

it  has  [a]jj-I-31*5°,  and  the  melting-points  of 

the  phenylosazone  and  p-bromophenylosazone 
are  respectively  186°-187°  and  222°. 

Tetroses. 

By  reduction  of  dioxyvalerolactone,  a 
mixture  of  a methyltetrose  and  the  corresponding 
alcohol  were  produced.  The  methyltetrose  is  a 
syrup,  giving  an  osazone,  m.p.  140°-142°,  and 
a phenylhenzylhydrazone,  m.p.  99°-100°.  The 
methyltetritol  is  also  a syrup,  its  tetrabenzoate 
melting  at  136°-137°  (Gilmour,  Chem.  Soc. 
Trans.  1914,  105,  73). 

Rhodeotetrose.  Rhodeose  is  degraded  by 
Wohl’s  method  to  a rhodeotetrose,  the  p-bromo- 
phenylhydrazone  of  which  melts  at  143°- 144° 
(Votocek,  Ber.  1917,  50,  35). 

Chinovose  CeHi205  is  only  known  as  a 
constituent  of  the  glucoside  chinovin,  which,  on 
hydrolysis  with  alcoholic  hydrochloric  acid, 
yields  ethylchinovoside  C6H]i04*0C2H5,  origin- 
ally termed  chinovite,  [a]D-l-78°. 

Chinovite,  when  hydrolysed  with  dilute 
sulphuric  acid,  yields  chinovose,  which  is  a 
syrup,  showing  all  the  reactions  of  the  carbo- 
hydrates. Phenylchinovosazone  forms  yellow 
needles;  m.p.  193°-194°. 

Apiose  CgHjoOg  is  an  altogether  remarkable 
sugar,  obtained  together  with  dextrose  on 
hydrolysing  the  glucoside  apiin  present  in  the 
seeds  and  leaves  of  parsley.  It  contains  a 
branched  chain  of  carbon  atoms,  having  the 
constitutional  formula 

QHj|Qy|^CH(OH)*CH(OH)*CHO 

(Vongerichten,  Annalen,  1901,  318,  121  ; 1902, 
321,  71  ; Ber.  1906,  39,  235). 

I It  is  a pale  yellow  syrup,  optically  inactive, 
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non  fermentable,  does  not  yield  fiirfurol,  and 
yields  isovaleric  acid  when  reduced  by  hydrogen 
iodide  and  phosphorus.  Bromine  oxidises  it  to 
apionic  acid. 

The  phenylhydrazone  has  m.p.  135°;  phenyl- 
osazone,  m.p.  156°;  and  the  bromophenylosazone, 
m.p.  209° -212°. 

Digitoxose  C6H12O4  is  obtained  on  hydrolysing 
digitoxin,  one  of  the  glucosides  of  digitalis.  It 
crystalhses  in  prisms  or  plates,  m.p.  102°,  and  is 
dextro-rotatory.  It  has  the  composition  (Kiliani) 
CH3'CH(0H)-[CH(0H)J2-CH2-CH0. 

Digitalose  C7H14O5  is  similarly  obtained  from 
digitahn. 

The  Carbohydrate  Acids 

are  those  containing  the  same  number  of  carbon 
atoms  as  the  aldose  carbohydrates  from  which 
they  are  derived.  They  are  either  mono-  or  di- 
basic. Ketoses  yield  acids  with  fewer  carbon 
atoms  than  the  originalcarbohydrate  on  oxidation. 

The  monobasic  acids  are  formed  on  oxidising 
the  aldehyde  group  to  acid,  generally  by  means 
of  bromine  or  dilute  nitric  acid.  More  energetic 
oxidation  converts  also  the  primary  alcohol 
( — CHg'OH)  group  into  acid  (CO2H). 

Glucuronic  acid,  which  is  of  importance 
physiologically,  is  a type  of  monobasic  acid,  in 
which  the  aldehyde  group  is  intact,  and  the 
primary  alcohol  group  oxidised  to  acid.  The 
monobasic  acids  are  transformed  in  aqueous 
solution,  particularly  on  evaporation  on  the 
water- bath,  into  lactones  which  crystalhse  well. 
The  dibasic  acids  similarly  sometimes  form 
double  lactones. 

The  most  important  property  of  gluconic  and 
isomeric  acids  is  their  behaviour  on  heating 
with  pyridine  or  quinoline,  when  they  are 
transformed  into  isomerides,  rearrangements  of 
the  groups  attached  to  the  a-carbon  atom  taking 
place.  Thus,  when  gluconic  acid  is  heated  with 
quinoline  or  p5rridine  at  130°-150°,  it  is  partially 
converted  into  mannonic  acid.  This  behaviour 
has  been  of  the  utmost  importance  in  effecting 
the  synthesis  of  the  carbohydrates. 

Gluconic  acid  C6H12O7  always  contains  a 
proportion  of  lactone.  It  is  slightly  Isevo- 
rotatory  at  the  instant  of  solution,  but  becomes 
dextro-rotatory  as  the  transformation  to  lactone 
takes  place,  the  final  figure  for  a mixture  in 
equihbrium  of  acid  and  lactone  being  about 
+ 19°.  The  lactone  crystallises  in  slender 
needles,  m.p.  130°-135°.  It  has  [a]  +68°  when 
first  dissolved,  falhng  to  +19°  for  the  solution 
in  equilibrium  with  the  acid.  The  calcium  salt 
is  sparingly  soluble  and  characteristic,  likewise 
the  phenylhydrazide  CeHiaOe'NaHgPh,  which 
forms  colourless  prisms,  m.p.  200° . 

Mannonic  acid.  The  lactone  crystalhses  in 
needles,  m.p.  149°-153°,  [a]jj+53‘8°.  The  phenyl 
hydrazide  has  m.p.  214°-216°. 

Galactonic  acid  is  obtained  by  oxidising 
galactose  or  hydrolysed  lactose  with  bromine. 
In  the  latter  case,  100  grams  lactose  are  boiled 
4 hours  with  400  grams  5 p.c.  sulphuric  acid, 
the  acid  precipitated  as  barium  sulphate,  and 
the  filtrate  evaporated  to  300  c.c.,  cooled  to  35°, 
and  200  grams  of  bromine  added  with  constant 
shaking.  After  standing  for  a short  time,  the 
excess  of  bromine  is  removed  by  a current  of  air, 
hydrogen  bromide  by  lead  carbonate  and  silver 
oxide, and  the  solution  is  saturated  with  cadmium 


carbonate,  and  concentrated  till  the  cadmium 
galactonate  crystaUises.  The  mother  hquors 
yield  a second  crop,  about  50  grams  in  all  being 
obtained.  This  salt  is  purified  and  decomposed 
with  sulphuric  acid. 

Galactonic  acid  crystallises  in  needles,  which, 
on  heating  to  100°,  lose  water,  forming  the 
lactone.  The  lactone  crystallises  with  difficulty  ; 
it  has  m.p.  90°-92°,  and  forms  a crystalline 
hydrate,  m.p.  65°.  The  acid  has  [a]jj — 10‘5°, 
which  becomes  — 57°  on  heating.  The  lactone 
has  [aJi)— 70°,  and  the  crystalline  hydrate 
[a]p— 58°.  The  cadmium  salt  is  characteristic  ; 
the  phenylhydrazide  has  m.p.  200°-205°.  On 
heating  with  pyridine  at  150°,  galactonic  acid  is 
partially  converted  into  <i-talonic  acid. 

Lactobionic  and  maltobionic  acids,  obtained 
by  the  action  of  bromine  on  the  corresponding 
disaccharides,  are  colourless  syrups  or  amorphous 
compounds. 

Glucuronic  acid  (glycuronic  acid)  C6H10O7  is 
frequently  found  in  urine,  combined  with  a 
variety  of  substances,  forming  compounds  of  a 
glucosidic  nature.  It  was  synthesised  by 
Fischer  (Ber.  24,  521),  by  reduction  of  saccharic 
acid  lactone,  and  has  the  formula 
COaHlCH-OHj^-CHO 

It  is  conveniently  prepared  from  euxanthic 
acid,  which  is  readily  hydrolysed  by  dilute  acids 
to  glucuronic  acid  and  euxanthon 

CioHi60io+H20=CeH4o07+Ci3H804 

Euxanthic  acid,  known  in  commerce  as 
Indian  yellow  or  piuri,  is  a pigment  ruade 
almost  exclusively  in  Bengal,  and  is  obtained 
from  the  urine  of  cows  which  have  been  fed 
upon  mango  leaves  (t’.  Indian  yellow). 

According  to  Thierfelder  (Zeitsch.  physiol. 
Chem,  11,  388),  1 part  of  euxanthic  acid  is  heated 
with  200  parts  of  water  in  an  autoclave  at  120°, 
the  euxanthone  separated  by  filtration,  and  the 
solution  concentrated.  Owing  to  the  introduc- 
tion of  anihne  dyes,  piuri  has  become  very  rare 
and  expensive. 

Neuberg  and  Lachmann  (Biochem.  Zeitsch. 
1910,  24,  416)  propose  to  obtain  glucuronic  acid 
by  feeding  menthol  to  rabbits.  Menthol  has 
the  advantage  that  it  is  not  poisonous,  the 
paired  glucuronic  acid  is  fairly  easily  isolated 
and  readily  hydrolysed.  2 grams  menthol  are 
dissolved  in  1 c.c.  alcohol  and  shaken  with 
20  c.c.  lukewarm  water  ; this  emulsion  is  ad- 
ministered to  rabbits,  and  the  urine  collected, 
rendered  acid,  and  extracted  with  ether.  Excess 
of  ammonia  is  added  to  the  ethereal  solution, 
and  the  ether  distilled  off.  The  residue  of 
insoluble  ammonium  menthylglucuronate  is 
dissolved  in  water,  precipitated  by  lead  acetate, 
the  precipitate  decomposed  with  hydrogen 
sulphide,  and  the  filtrate  evaporated,  when 
pure  menthylglucuronic  acid  is  obtained.  This 
is  decomposed  by  boiling  with  dilute  sulphuric 
acid  to  give  glucuronic  acid. 

Glucuronic  acid  is  a syrup,  and  is  transformed 
into  the  crystalline  lactone  on  evaporation. 
This  is  very  soluble  in  water  ; it  has  m.p.  175  , 
It  reduces  Fehhng’s  solution,  yields 

furfurol  on  distillation  with  mineral  acids, 
showing  positive  reactions  with  orcinol  and 
phloroglucinol,  and  is  not  fermentable. 

A number  of  substances  when  introduced 
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into  the  animal  body  are  excreted  in  the  urine 
as  laevo-rotatory-paired  glucuronic  acid  deriva- 
tives. These  are  isolated  by  precipitation  with 
basic  lead  acetate,  of  which  an  excess  should  be 
avoided. 

Saccharic  acid  CeHinO, 

OH  H OH  OH 
.CO  aH—C— C— C — C— CO 
H OHH  H 

is  obtained  on  oxidising  dextrose  and  all  carbo- 
hydrates which  contain  dextrose,  also  from 
sorbitol,  gluconic  acid  and  glucuronic  acid.  It  is 
prepared  from  starch  or  dextrose  (50  grams)  by 
heating  with  nitric  acid  (350  grams)  (sp.gr.  1‘15) 
on  the  water-bath,  and  evaporating  to  a syrup 
whilst  stirring  continually.  A little  water  is 
added,  and  the  solution  again  evaporated. 
The  residue  is  dissolved  in  150  grams  of  water, 
neutralised  with  a concentrated  solution  of 
potassium  carbonate,  25  c.c.  acetic  acid  (50  p.c.) 
added,  and  the  solution  evaporated  to  80  c.c. 
On  standing,  the  monoj)otassium  salt  separates, 
and  is  recrystalhsed  from  a little  hot  water.  In 
the  mother  liquors,  Neuberg  (Biochem.  Zeitsch. 
1910,  28,  355)  has  recently  found  10  p.c.  of  an 
acid  identical  or  isomeric  with  glucuronic  acid. 

Saccharic  acid  is  a syrup,  [a]j)+8°,  mcreasing 
to  +22‘5°.  The  lactone  CgHgOy  has  m.p. 
130°-131°,  [a]j)+37'9°,  decreasing  to  2’25°  for 
the  equilibrium  mixture  with  the  acid.  Charac- 
teristic is  the  monopotassium  salt  CgHgOgK, 
formed  on  the  addition  of  acetic  acid  in  excess 
to  a solution  of  the  normal  saccharate.  This 
crystallises  in  small  orthorhombic  needles, 
sparingly  soluble  in  water  (1*12  parts  per  100°). 
The  diphenylhydrazide  has  m.p.  210°. 

The  continued  action  of  nitric  acid  forms 
tartaric  and  racemic  acids,  and,  finally,  oxalic 
acid.  On  dry  distillation  it  decomposes  with 
the  evolution  of  carbon  dioxide,  yielding  pyro- 
mucic  and  isopyromucic  acids. 

Mucic  acid  CgHioOs 

OH  H H OH 
CO2H— C — C — C— C— CO2H 
H OH  OH  H 

is  obtained  on  oxidising  galactose,  lactose, 
raffinose,  dulcitol,  and  all  carbohydrates  which 
yield  galactose  when  hydrolysed. 

100  grams  of  lactose  are  heated  on  the  water- 
bath  with  1200  c.c.  of  nitric  acid  sp.gr.  1‘15  till 
the  volume  is  reduced  to  200  c.c.  ; this  residue 
is  taken  up  with  an  equal  volume  of  water  and 
left  to  crystallise  ; the  yield  is  about  38  grams. 

Mucic  acid  is  a microcrystalline  j)Owder,  m.p. 
213°-214°  ; it  dissolves  in  300  parts  of  water  at 
14°,  or  60  parts  at  100°.  It  is  optically  inactive, 
and  cannot  be  resolved  into  optically  active 
isomerides. 

It  forms  normal  and  acid  salts  with  metals, 
and  normal  salts  with  alkaloids.  The  mono- 
phenylhydrazide  has  m.p.  190°-195° ; the 
diphenylhydrazide,  prepared  by  heating  with 
phenylhydrazine  acetate  on  the  water-bath,  has 
m.p.  240°. 

The  Carbohydrate  Alcohols 

are  widely  distributed  in  the  vegetable  kingdom, 
where  they  occur,  as  a rule,  uncombined  with 
other  substances.  As  a class  they  are  readily 
soluble  in  water,  crystallise  well,  and  have  a small 


rotatory  power.  On  cautious  oxidation  they  give 
in  turn  a reducing  sugar,  monobasic  acid,  and 
dibasic  acid.  They  are  obtained  by  reduction 
of  the  corresponding  aldose  or  ketose  carbo- 
hydrates with  sodium  amalgam,  but,  as  a rule, 
owing  to  transformations  in  the  alkaline  solu- 
tion, a mixture  of  alcohols  is  produced.  They 
are  not  fermentable,  and  do  not  reduce  Fehling’s 
solution.  Only  those  which  occur  naturally  will 
be  described  here,  though  the  alcohols  corre- 
sponding to  the  synthetical  sugars  are  known. 
Erythritol  C4H10O4 

OH  OH 

CH2(0H)-=C— C— CH2(0H) 

H H 

occurs  in  a number  of  lichens,  particularly  the 
varieties  of  Roccella  tinctoria,  where  it  is  present 
in  the  form  of  the  ether  erythrin  C20H22O10, 
which  is  a diorselfinate  of  erythritol.  Tliis  is 
saponified  bv  boiling  with  baryta  or  lime 
O20H22O10  + 2H2O-C4H40O4+2C7HSO2  + 2CO2 

Erythrin  is  heated  for  about  2 hours  at  150° 
in  a closed  iron  vessel,  with  a quantity  of  milk  of 
lime  somewhat  less  than  sufficient  to  decompose 
it ; the  exclusion  of  air  prevents  the  formation  of 
a large  quantity  of  resinous  matter.  The  liquid 
filtered  from  calcium  carbonate,  on  evaporation 
at  a gentle  heat,  deposits  orcinol  in  fine  crystals, 
and  the  mother  liquors  on  further  evaporation 
yield  a crystalline  mass  of  orcinol  and  erythritol, 
from  which  the  former  is  extracted  by  ether 
(v.  De  Luynes,  Compt.  rend.  56,  803).  Sten* 
house  (Chem.  Soc.  Trans.  [2]  5,  222)  dissolves  the 
erythrin  in  a slight  excess  of  milk  of  Lime,  boils 
for  half  an  hour  in  a vessel  with  a long  condensing 
tube  to  exclude  air,  precipitates  the  lime  in  the 
resulting  solution  with  carbon  dioxide,  or  (on 
a large  scale)  by  exact  neutralisation  with  dilute 
sulphuric  acid,  and  evaporates  the  filtered 
solution  to  dryness.  On  digesting  the  residue 
for  20-30  minutes  with  a mixture  of  benzene, 
toluene,  &c.  (b.p.  110°-150°),  in  a metallic 
vessel  provided  with  a condenser,  an  undissolved 
portion  is  left  free  from  orcinol,  which,  on 
evaporation  and  filtering  from  resin,  &c., 
deposits  crystals  of  erythritol.  These  may  be 
purified  by  washing  with  cold  alcohol,  pressing, 
and  recrystallising  once  or  twice  from  hot  water. 

Erythritol  crystallises  in  large,  colourless, 
transparent  quadratic  prisms,  having  an  adaman- 
tine lustre.  Sp.gr.  1-542-1 ’449.  It  melts  at  126° 
(Liebermann,  Ber.  17,  873),  and  may  be  cooled 
far  below  its  melting- j)oint  without  solidifying. 

It  is  optically  inactive  even  in  presence  of 
borax,  and  has  no  action  on  litmus,  but  the 
addition  of  borax  renders  it  acid.  Its  taste  is 
sweet,  but  less  so  than  that  of  orcinol.  It  is 
very  readily  soluble  in  water,  its  heat  of  solution 
being  at  18°,  5*2  cals.,  and  at  9°,  5*12  cals. 
(Colson,  Compt.  rend.  104,  113),  sparingly  in 
cold  alcohol  and  insoluble  in  ether.  It  does 
not  lose  water  below  100°,  and  does  not  precipi- 
tate neutral  or  basic  lead  acetate,  copper  salts, 
or  ammonium  lead  nitrate  (Stenhouse). 

Erythritol  is  not  altered  by  ammonia,  by 
bromine,  or  by  chloride  of  lime.  Heated  to  260° 
with  solid  potassium  hydroxide,  it  yields  oxalic 
and  acetic  acids  with  evolution  of  hydrogen. 
With  fuming  hydriodic  acid,  it  gives  secon- 
dary butyl  iodide  C4Hg-HI.  It  is  attacked  by 
atmospheric  oxygen  in  presence  of  platinum 


CARBOHYDRATES 


43 


black,  forming  trihydroxybutyric  and  oxalic 
acids  (De  Luynes,  Compt.  rend.  56,  803  ; Sell, 
ibid.  61,  741). 

With  dilute  nitric  acid,  oxalic  acid,  tartaric 
acid,  and  a large  quantity  of  hydrocyanic  acid 
are  produced  ; and  with  chromic  acid  and  potas- 
sium permanganate,  or  with  chromic  mixture, 
formic  acid,  carbon  dioxide,  and  oxalic  acid  are 
obtained  (Przybytek,BuU.  Soc.  chim.  [2]  35, 108). 

E.  Fischer  and  J.  Tafel  (Ber.  20,  1088),  by  the 
oxidation  of  erythritol  with  dilute  nitric  acid, 
procured  a reducing  sugar,  erythrose,  which 
formed  a crystalline  phenylosazone  C^6Hi8N4025 
m.p.  166°-167°,  sparingly  soluble  in  water,  more 
readily  in  ether  and  benzene.  The  tetranitrate 
C4H6(N03)4  forms  large  shining  laminae,  m.p.  61°. 

When  erythritol  is  dissolved  in  concentrated 
sulphuric  acid,  and  the  mixture  heated  to 
60°-70°,  the  compound  C8H4402(S04H)3  is  pro- 
duced, which  forms  salts  with  metals  (Hesse, 
Annalen,  117,  329). 

Erythritol  dissolves  easily  in  chlorosulphonic 
acid,  forming  erythritol  tetrasulphuric  acid 
C4H6(S04H)4,  which  crystallises  in  snow-white 
masses  consisting  of  small  prisms.  It  is  decom- 
posed by  hot  water  with  regeneration  of  ery- 
thritol. The  metallic  salts  are  sparingly  soluble. 

By  heating  erythritol  for  about  100  hours 
with  12-15  parts  concentrated  hydrochloric 
acid,  De  Luynes  (Ann.  Chim.  Phys.  [4]  2385  ; 
J.  1864,  497)  obtained  erythritol  dichloro- 
hy  drin  C4H6(OH)2Cl2.  By  raising  the  tempera- 
ture to  120°-130°,  the  result  is  more  quickly 
attained,  or  the  compound  may  be  produced 
by  heating  erythritol  to  120°-130°  in  a current 
of  hydrochloric  acid  (Przybytek,  Ber.  14,  2072). 
It  melts  at  124°-125°  (m.p.  145°,  De  Luynes). 

Erythritol  tetrachloride  C4HeCl4,  produced  by 
the  action  of  phosphorus  pentachloride,  melts  at 
73°,  and  crystallises  in  prisms  (Henninger,  Bull. 
Soc.  chim.  34, 194  ; Bell,  Ber.  12, 1271).  Dinitro- 
dichlorhydrin  C4H6(Cl2)(N02)2C2,  has  m.p.  60°. 

Erythritol  dibromhydrin  C4H6(Br2)(OH)2 
is  formed  by  heating  with  a saturated  solution 
of  hydrobromic  acid  for  3 hours  at  100°  in  a 
sealed  tube.  It  is  insoluble  in  water,  and  melts 
at  130°  (Champion,  Compt.  rend.  73,  114). 
Dinitrodibromhy drin  C4H4(Br2)(N02)02  is 
a flaky  precipitate,  m.p.  75°.  It  does  not  de- 
tonate under  the  hammer  (Champion). 

The  tetraformate  forms  long  slender  needles, 
m.p.  150°  ; the  tetracetate  has  m.p.  85°  ; and 
the  tetrabenzoate,  m.p.  186°-187°. 

Characteristic  is  the  dibenzylideneacetal 
C4He04(C7Hg)2,  obtained  on  shaking  with  2 parts 
of  benzaldehyde  and  3 parts  of  50  p.c.  sulphuric 
acid  (Fischer,  Ber.  27,  1524)  which  forms 
slender  needles  sparingly  soluble  in  hot  water. 

It  is  not  fermentable  by  yeasts.  Bacterium 
xylinum  transforms  it  into  a reducing  keto- 
tetrose  (Bertrand,  Compt.  rend.  126,  762),  and 
it  is  attacked  by  bacteria  in  cow-dung  and  hay 
water,  succinic  acid  in  the  one  case  and  volatile 
acids  in  the  other  being  the  main  products  of 
change  (Fitz,  Ber.  11.  1890  ; 12,  474). 

The  anhydride  a5-oxy-/37-butanediol  is  ob- 
tained by  heating  erythritol  for  some  hours 
with  acids  ; it  is  a liquid,  b.p.  154°-155°  at  18  mm. 

The  second  anhydride  C4H6O2  was  prepared 
by  Przybytek  (Ber.  17,  1091)  by  the  action  of 
potash  on  erythritol  dichlorhydrin.  It  is  a 
colourless  mobile  volatile  liquid,  b.p.  138°,  sp.gr. 


1*1322.  It  combines  with  water,  acids,  and 
ammonia,  and  forms  compounds  with  hydro- 
acid and  aniline.  Its  constitutional 


cyanic 
formula  is 


CH, 


CH-CH 


CH, 


When  heated  with  anhydrous  barium  oxide  for 
3 days  at  200°-220°,  the  anhydride  yields  fur- 
furane  ; when  heated  with  phosphorus  penta- 
sulphide  it  gives  thiophene. 

Adonitol  C5H12O5 


OH  OH  OH 

CH2(0H)— C— C— C— CH2(0H) 

H H H 

is  the  only  naturally  occurring  pentose  alcohol ; 
it  corresponds  to  ribose,  and  is  obtained  on 
reducing  this.  It  is  found  in  Adonis  vernnlis 
(Podwyssotzki,  Arch.  Pharm.  1889,  141).  It 
separates  from  water  in  transparent  prismatic 
crystals  m.p.  102°.  It  has  a sweet  taste,  and  is 
optically  inactive.  When  shaken  with  benzalde- 
hyde and  50  p.c.  sulphuric  acid,  the  dibenzyli- 
dene  acetal  is  formed  quantitatively  ; it  crystal- 
lises in  slender  needles,  m.p.  164°-165°.  The 
corresponding  diformylideneacetal  has  m.p.  145°. 
It  is  oxidised  to  a mixture  of  pentoses  (Fischer, 
Ber.  1893,  26,  633  ; 27,  2491  ; Merck,  Arch. 
Pharm.  1893,  231,  129). 

Mannitol  or  d-mannite  C6H8(OH)6 

H H OH  OH 

CH2OH— C— C — C— C— CH2OH 

OHOHH  H 

is  the  alcohol  corresponding  to  mannose.  It 
was  first  found  in  the  dried  exudation  from  the 
manna  ash,  Fraxinus  ornus,  by  Proust,  in  1806, 
and  is  widely  distributed  in  plants.  It  is  con- 
tained in  the  sap  of  the  larch,  in  monkshood,  in 
the  leaves  of  Syringa  vulgaris,  in  celery,  sugar 
cane,  in  fungi,  where  it  exceeds  dextrose  in 
quantity  or  even  replaces  it.  Thus  Lactarius 
pallidus,  when  dried,  contains  from  10  to  15  p.c. 
(Bourquelot,  Compt.  rend.  108,  568),  and 
Agaricus  integer  is  also  a good  source.  Kylin 
(Zeitsch.  physiol.  Chem.  1913,  83,  171)  has 
found  it  in  several  Fucus  and  Laminaria  species. 
It  also  occurs  in  the  sap  of  French  beans  on 
keeping.  It  is  prepared  from  manna  by  extrac- 
tion with  boiling  alcohol.  Mannitol  is  obtained 
on  reducing  mannose,  Ijevulose,  or  dextrose 
with  sodium  amalgam.  In  many  cases  it 
' seems  to  be  a fermentation  product  derived 
from  trehalose  (Busolt,  Chem.  Soc.  Abstr.  1913, 
i.  803).  Its  formation  may  be  avoided  by 
preserving  plant  extracts  under  sterilised 
conditions. 

It  crystallises  in  colourless  rhombic  prisms, 
m.p.  166°.  100  parts  of  water  dissolve  16  parts 

at  16°,  100  parts  of  alcohol  dissolve  0*07  part 
at  14°.  It  is  optically  inactive,  but  on  the 
addition  of  borax  it  becomes  strongly  dextro-ro- 
tatory, a mixture  containing  10  p.c.  mannitol  and 
8 p.c.  borax  having  [a]^-f  22*5°.  This  mixture 

is  strongly  acid.  With  caustic  soda  and  other 
alkalis  it  becomes  laevo-rotatory. 

Mannitol  has  a slightly  sweet  taste,  is  not 
fermentable  by  yeast,  sorbose  bacteria  oxidise 
it  to  laovulose,  and  it  is  attacked  by  many  other 
races.  It  does  not  reduce  Fehling’s  solution,  01 
interact  with  phenylhydrazine. 

Mannitol  is  easily  oxidised.  Air  in  presence 
' of  platinum  black  forms  mannosaccharic  acid. 
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and  a mixture  of  mannose  and  Isevulose,  which 
is  also  formed  with  hydrogen  peroxide  and  an 
iron  salt.  Bromine  gives  mainly  Isevulose.  Nitric 
acid  transforms  it  into  mannosaccharic  acid  and 
finally  into  glycollic  acid  and  oxahc  acids. 

Derivatives, — On  heating  at  280°,  mannitol  is 
converted  by  loss  of  water  into  mannitan 
CgHigOs,  which  is  formed  at  100°  in  presence  of 
strong  acids.  The  hexanitrate,  also  known  as 
nitromannitol  06H8(N03)6,  is  prepared  by  the 
action  of  a mixture  of  sulphuric  and  nitric 
acids ; it  forms  colourless  acicular  crystals, 
m.p.  1 12°-113°,  [a]jj+40°,  which  explode  violently 

on  being  struck  or  when  suddenly  heated. 

The  dichlorohydrin has  m.p.  174°,[a]^— 3'75°; 

and  its  tetranitrate  forms  slender  needles? 
m.p.  145°.  The  hexacetate  (Franchimont,  Ber. 
12,  2059)  separates  from  alcohol  in  orthorhombic 
crystals,  m.p.  119°-120°,  [a]  +18°.  The  hexa- 

benzoate  has  m.p.  149°. 

The  tribenzylidene  acetal  crystallises  in 
slender  needles,  insoluble  in  water ; m.p.  218°- 
222°  (Fischer,  Ber.  28,  1975).  Triacetone 

mannitol  (Fischer,  ibid.  28,  1167)  forms  colourless 
prisms,  m.p.  68°-70°,  [a]^+12’5°.  It  tastes 

bitter.  Mannitol  monoacetone,  treated  with 
benzoyl  chloride  and  quinoline  at  15°  for  five 
days,  yields  tetrabenzoylmannitol  monoacetone, 
m.p.  122°-123°,  which  hydrolyses  partially  to 
tetrabenzoylmannitol,  m.p.  122°-123°,  [ct]jj  + 8°. 

(E.  Fischer,  Ber.  1915,  48,  266.) 

For  the  conversion  of  mannitol  into  methyl- 
a-pyren 

CH 

/\ 

HO  CH 

II  I 

HC  CHMe 

\/ 

O 

see  Windaus  and  Tomich  (Chem.  Zentr.  1918, 
ii.  109). 

The  anhydride  mannitan  exists  in  amorphous 
and  crystalline  modifications,  the  latter  having 
m.p.  137°,  [a]^— 24°.  A second  anhydride  is 

mannide  C6H10O4,  which  exists  in  several  forms. 
One  obtained  by  reducing  the  dichlorohydrin 
crystallises  in  slender  needles  or  large  prisms, 
m.p.  119°,  [a]jj  + 94°  ; ^50-mannide  produced  by 

the  dry  distillation  of  mannitol  in  vacuo,  forms 
prisms,  m.p.  87°,  [a]^+91’4°. 

d-Sorbitol  or  sorbit  C6H8(OH)6 
OHH  OH  OH 

CH2OH— C— C— C— C— CH,OH 
H OH  H H 

is  the  alcohol  corresponding  to  dextrose,  from 
which  it  is  obtained  on  reduction  with  sodium 
amalgam  in  faintly  alkaline  solution.  Sorbitol 
was  discovered  in  mountain-ash  berries  by 
Boussingault  (Compt.  rend.  1872,  74,  939),  and 
occurs  in  the  fruits  of  a large  number  of  plants 
belonging  to  the  Eosacece.  It  was  found  as  a 
crystalline  network  on  the  dried  heads  of  the 
fungus  Boletus  hovinus  (von  Lippmann,  Ber. 
1912,  45,  3431). 

It  is  prepared  from  the  expressed  juice  of 
mountain- ash  berries,  which  is  fermented  to 
remove  carbohydrate,  defecated  with  basic  lead 
acetate,  and  concentrated  to  a syrup  in  vacuo. 


This  syrup  is  taken  up  with  alcohol,  and  usually 
gives  crystals  of  sorbitol.  In  other  cases  an 
equal  weight  of  50  p.c.  sulphuric  acid,  and  a 
little  less  benzaldehyde  is  added,  and  the 
mixture  agitated.  After  24  hours  it  sets  to  a 
crystalline  mass  of  dibenzylidene  sorbitol.  This 
is  separated,  washed,  and  decomposed  by  boiling 
with  dilute  sulphuric  acid. 

The  benzaldehyde  is  removed  by  steam 
distillation,  sulphuric  acid  by  baryta,  and  the 
benzoic  acid  extracted  by  ether.  The  liquid  is 
concentrated  to  a syrup,  and  inoculated  with 
a crystal  of  sorbitol  (Vincent  and  Delachanal, 
Compt.  rend.  108,  147).  This  method  permits 
of  the  separation  of  sorbitol  in  small  quantities 
from  plants. 

Sorbitol  crystallises  with  1 mol.  HgO  in  slender 
needles,  m.p.  55°.  The  anhydride  has  m.p. 
110°.  It  is  very  soluble  in  water,  sparingly  so 
in  alcohol.  It  has  17*3°,  which  becomes 

+ 1 *4°  in  presence  of  borax.  It  is  faintly  sweet, 
non-fermentable,  but  is  oxidised  by  B-xylinum 
to  sorbose  {q.v.). 

The  hexacetate  has  m.p.  99°.  The  dibenzyl- 
idene acetal  as  obtained  above  is  a mixture  of 
two  isomerides,  one  of  which  has  m.p.  163°-164°. 
Triacetone  sorbitol  has  m.p.  45°. 

Styracitol,  a naturally  occurring  substance 
isolated  by  Asahina  (Ber.  1912,  45,  2363)  from 
Styrax  abassia,  is  isomeric  with  the  anhydro- 
sorbitol  obtained  by  reduction  and  hydrolysis 
of  anhydromethylglucoside  (Fischer  and  Zachs 
Ber.  1912,  45,  456,  2068).  This  suggests  that 
such  anhydrides  of  glucose  and  of  glucoside 
occur  in  nature. 

Dulcitol.  Dulcin,  Dulcose,  Melampyrite, 
Melampyrin 

OHH  H OH 

I I 1 i 

CH2OH—  C — c— C— C— CH2OH 
H OHOHH 

is  the  alcohol  corresponding  to  galactose. 

Occurrence. — Found  in  a manna  or  crude 
prejjaration  from  a bulbous  root  of  unknown 
origin  from  Madagascar  (Laurent,  Annalen, 
76,  358 ; Jacquelain,  ibid.  80,  345,  in 

Scrophularia  nodosa  and  Rliinanthus  Crista 
gain  (Eichler,  Ueb.  d.  Melampyrin,  Moscow, 
1885)  ; in  Melampyrum  nemorosum  (Hiinefeld, 
J.  pr.  Chem.  4,  233  ; Gilmer,  Annalen,  123, 
372)  ; in  Euonymus  europcea  (Kubel,  P.  Pharm. 
Chim.  85,  372),  and  in  dulcite  manna  (Hecht, 
Annalen,  165,  148). 

Preparation. — Dulcitol  is  prepared  from  the 
Madagascar  material  by  extractmg  with  boihng 
water  and  allowing  the  filtrate  to  crystalhse. 
To  prepare  it  from  the  plants  above-mentioned, 
they  are  gathered  at  a suitable  time  and  dried. 
A decoction  is  made  of  them,  rendered  alkaline 
with  milk  of  lime,  boiled,  filtered,  concentrated, 
and  acidified  with  hydrochloric  acid.  Dulcitol 
crystalhses  out  on  cooling.  Dulcite  manna  is 
extracted  with  boiling  alcohol ; dulcitol  crystal- 
lises from  the  solution  filtered  hot.  The  manna 
yields  72  p.c.  dulcitol  (Hecht). 

Dulcitol  may  also  be  prepared  by  the  reduc- 
tion of  galactose  with  sodium  amalgam,  the 
soda  produced  being  from  time  to  time  neutral- 
ised with  sulphuric  acid.  It  is  obtained  mixed 
! with  mannitol  on  reducing  lactose. 
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Properties. — Dulcitol,  both  of  natural  and 
synthetical  origin,  crystallises  in  colourless, 
highly  lustrous  monoclinic  prisms  with  octa- 
hedral summits.  The  crystals  are  gritty  between 
the  teeth,  and  taste  very  faintly  sweet;  m.p.  118°. 
One  part  dulcitol  dissolves  in  34*41  parts  water 
at  16 '5°  ; it  is  but  slightly  soluble  in  alcohol, 
even  at  a boiling  temperature.  It  is  optically 
inactive,  even  in  presence  of  borax  ; the  deri- 
vatives are  also  inactive.  Its  solutions  are  not 
coloured  brown  by  potash,  nor  do  they  reduce 
alkaline  copper  solutions.  Nitric  acid  oxidises 
it  to  mucic  acid  ; oxahc  and  racemic  acids  are 
also  produced  (Carlet,  Compt.  rend.  51,  137  ; 
53,  343).  Yeasts  do  not  ferment  it,  but  other 
organisms,  such  as  exist  in  cheese,  convert  it, 
in  presence  of  calcium  carbonate,  into  alcohol, 
lactic,  and  butyric  acids.  A saturated  solution 
containing  dulcitol  and  borax  in  the  propor- 
tion of  2 mols.  dulcitol  to  1 mol.  borax  is 
neutral,  but  if  the  proportion  of  borax  is  less, 
the  solution  is  strongly  acid,  when  the  pro- 
portion of  borax  is  greater  the  solution  is  alka- 
line (dulcitol  being  neutral  and  borax  slightly 
alkaline).  A solution  of  a mixture  of  dulcitol  and 
sodium  paratungstate  has  an  acid  reaction  after 
boiling  (Klein,  Compt.  rend,  99,  144). 

Dulcitol  sublimes  partially  on  careful  heat- 
ing ; at  200°  it  gives  off  water,  and  is  converted 
into  dulcitan ; at  275°  it  decomposes. 

Sodium,  potassium,  calcium,  barium,  and 
copper  compounds  exist. 

Neither  lead  acetate  nor  subacetate  precipi- 
tates dulcitol,  but  a white  precipitate  is  thrown 
down  with  an  ammoniacal  solution  of  acetate. 
This  is  an  unstable  lead  compound. 

Dulcitol  heated  with  hydriodic  acid  in  an 
atmosphere  of  carbon  dioxide  yields  hexyhodide, 
water,  and  iodine. 

The  hexanitrate  is  obtained  by  the  action  of 
fuming  nitric  and  sulphuric  acids  on  dulcitol. 
It  crystallises  from  alcohol  in  beautiful  colourless 
flexible  needles,  which  melt  between  68°  and  72°, 
and  give  off  nitric  acid  vapours  continually, 
being  thereby  converted  into  the  tetranitrate. 
This  latter  is  soluble  m alcohol,  from  which  it 
crystalhses  in  translucent  prisms,  m.p.  130°-140°, 
and  decomposes  at  145°. 

■*  Dulcitol  forms  with  hydrochloric  acid  an 
unstable  hydrochloride  C6Hi405’HCl,3H20. 
Similar  hydrobromides  and  hydroiodides  exist ; 
they  are  rather  more  stable  (Bouchardat,  Ann. 
Chim.  Phys.  [4]  27,  145). 

Dulcitol  yields  chloro-  and  bromo-  hydrins. 
CgHigO^Clg  crystallises  in  tables  insoluble  in 
water ; CgH4  204Br2  and  C6Hi204BrCl  are  of 
much  the  same  nature.  The  corresponding 
dulcitan  bodies  C(5H4]04C1,  &c.,  exist.  When 
these  bodies  are  dissolved  in  fuming  nitric  or 
sulphuric  acids,  the  corresponding  tetranitrates 
are  formed,  as  0gHgCl2(N03)4,  &c. 

With  the  acids  of  the  fatty  and  aromatic 
groups,  dulcitol  forms  a number  of  neutral 
compound  ethers.  Some  of  these  are  ethers  of 
dulcitol  and  some  of  dulcitan. 

The  hexacetate  forms  hard  crystalline  plates, 
m.p.  171°  ; the  hexabenzoate  has  m.p.  147°, 
both  are  insoluble  in  water  and  ether,  sparinglv 
soluble  in  cold  alcohol. 

The  dibenzylidene  acetal  forms  needles, 
m.p.  215°-220°.  Dulcitol  diacetone  crystallises 
in  prisms  of  bitter  taste,  m.p.  98°. 


Dulcitol  diacetone,  m.p.  98°,  may  be  frac- 
tionally crystallised  into  : Dulcitol  a- diacetone, 
m.p.  145°-146°  ; and  dulcitol  )8-diacetone,  m.p. 
113°-114°. 

The  a-  form,  when  treated  with  benzoyl 
chloride  and  quinoline  at  15°,  gives  mono- 
benzoyldulcitol  a-diacetone,  an  oil  which,  when 
shaken  in  chloroform  solution  with  5N/HC1, 
gives  monohenzoyldulcitol^  m.p.  155°-156°. 

If  the  benzoylation  is  conducted  at  100°, 
the  first  product  is  dibenzoyldulcitol  a-diacetone, 
m.p.  185°-186°,  which  with  5 p.c.  HCl  in  cold 
acetic  acid  gives  dibenzoyldulcitol,  m.p.  210°  {see 
E.  Fischer,  Ber.  1915,  48,  266). 

Perseitol  C7H4g07  was  discovered  in  the 
fruits  of  Laurus  persea,  and  occurs  in  Persea 
gratissima.  It  is  identical  with  tZ-mannoheptitol, 
synthesised  by  Fischer  (Ber.  23,  930,  2226)  by 
reducing  the  lactone  of  <i-mannoheptonic  acid. 
It  crystallises  in  colourless  slender  needles,  m.p. 
188°  ; dissolves  sHghtly  in  cold  water  (6  parts  per 
100)  ; readily  in  hot  water,  and  is  insoluble  in 
absolute  alcohol.  It  has  [a]j)— 1 '3°,  but  becomes 
slightly  dextro-rotatory  in  presence  of  borax. 

Dilute  nitric  acid  in  the  cold  converts  it  into 
mannoheptose ; the  sorbose  bacterium  oxidises 
it  to  a ketoheptose. 

The  heptanitrate  forms  needles,  m.p.  138°  ; 
the  heptaacetate  has  m.p.  119°. 

The  optical  isomeride  of  perseitol  has  not 
been  found  naturally,  but  is  prepared  artificially 
from  Z-mannoheptose. 

Volemitol  C7llig07  was  obtained  by  Bourque- 
lot  by  extracting  dried  Lactarius  volemus  with 
alcohol.  It  crystallises  in  slightly  sweet  slender 
needles,  m.p.  151°-153°,  [a]p-l-l’92°,  which  is 
not  altered  on  the  addition  of  borax.  The  con- 
stitution is  not  yet  determined. 

An  octitol  CgH^gOg  was  obtained  by  Vincent 
and  Meunier  (Compt.  rend.  127,  760)  from  the 
mother  liquors  of  the  sorbitol  preparation  from 
the  fruit  of  some  of  the  Eosacece.  The  syrup  had 
[a]^— 3*42°  ; the  compound  with  benzaldehyde 

crystallised , in  slender  needles,  m.p.  230°  ; an 
isomeride  formed  at  the  same  time  having 
m.p.  140°. 

The  Dtsaccharides. 

The  disaccharides  consist  of  two  mono- 
saccharides, united  through  an  oxygen  atom. 
One  residue  is  fixed  through  the  oxygen  of  the 
aldehyde  group  in  just  the  same  manner  as  is 
dextrose  in  the  glucosides.  In  the  second 
residue,  the  aldehyde  or  ketonic  group  may  be 
stiU  present,  in  which  case  the  junction  takes 
place  through  one  of  the  alcohol  groups,  or  it 
may  have  disappeared,  being  concerned  in  the 
junction.  The  disaccharides  are  accordingly  of 
two  types.  In  the  first  type,  in  which  the  alde- 
hyde group  is  present,  they  reduce  cupric  salts, 
and  behave  just  as  dextrose  does.  In  the 
second  type,  all  these  properties  are  absent. 
Most  of  the  best-known  disaccharides  are  de- 
rived from”  hexoses. 

In  establishing  the  structure  of  a disacchar- 
ide, three  points  demand  attention:  (1)  the 
nature  of  the  constituent  hexoses  ; (2)  whether 
it  represents  an  a-  or  /8-glucoside  ; (3)  which 
hydroxyl-  group  is  concerned  in  the  attachment 
of  the  two  hexose  residues.  As  a rule,  they 
form  no  really  characteristic  derivatives,  so  that 


46 


CARBOHYDRATES. 


their  isolation  and  identification  is  far  from  easy. 
Those  of  Type  I.  contain,  like  dextrose,  an  alde- 
hyde group  or  its  equivalent,  and  since  they 
exhibit  muta-rotation  and  exist  in  two  modifica- 
tions, there  is  no  doubt  that,  like  dextrose,  they 
possess  a closed  ring  structure  rather  than  a free 
aldehyde  group.  In  solution,  therefore,  they 
exist  as  an  equihbrated  mixture  of  intercon- 
vertible isomerides.  This  is  in  agreement  with 
their  crystallising  properties  and  in  marked 
contrast  to  the  carbohydrates  of  Type  II.,  e.g. 
sucrose  and  trehalose,  of  which  only  one  form 
exists,  and  which  are  characterised  by  crystal- 
lising readily. 

Accordingly,  both  halves  of  the  molecule 
possess  a y-oxidic  structure,  but  only  one  section 
retains  the  aldehydic  grouping  potentially 
functional. 

The  disaccharides  are  selectively  hydrolysed 
by  enzymes,  hnd  are  attacked  with  very  different 
degrees  of  readiness  by  mineral  acids. 

Important  conclusions  as  to  their  structure 
are  based  on  this  behaviour,  for  the  full  dis- 
cussion of  which  reference  should  be  made  to 
The  Simple  Carbohydrates,  by  E.  F.  Arm- 
strong, ch.  V.  and  vi.  (Longmans,  1919). 

The  following  table  gives  a list  of  the  di,  tri- 
and  tetra- saccharides  and  their  products  of 
hydrolysis  : — 

Dtsaccharides. 

Carbohydrate  Compoiieiits 

Type  I.  Aldehyde  group,  potentially  functional. 


exceedingly  well ; this  is  almost  certainly  due 
to  the  fact  that  one  substance  only  is  present  in 
solution,  and  not  a mixture  of  isomerides.  It 
lacks  both  aldehydic  and  ketonic  properties, 
being  without  action  on  Fehling’s  solution. 
Considerable  difficulty  has  been  experienced  in 
ascribing  a constitutional  formula  to  sucrose 
which  is  entirely  satisfactory.  It  is  probably 
a derivative  of  a-glucose,  but  since  it  is  not 
attacked  by  maltase,  it  is  not  a simple  a- 
glucoside.  The  methyl  fructosides  of  the 
butylene  oxide  type  are  not  attacked  by  inver- 
tase,  and  are  far  more  stable  to  acids  than 
sucrose.  These  facts  are  far  more  in  agreement 
with  the  assumption  that  the  fructose  in  the 
disaccharide  has  an  ethylene  oxide  structure, 
and  this  is  confirmed  by  the  hydrolysis  of  octa- 
methyl  sucrose  to  tetramethyl  glucose  and 
tetramethyl  fructose.  The  former  was  of 
the  stable  butylene  oxide  type,  the  latter  of  the 
reactive  ethylene  oxide  type. 

Sucrose  may  be  formulated  accordingly  as 

I o— I 

0H-CH2-CH(0H)CH-[CH-0H]2CH-0— 

— C(CH20H)-CH'[CH-0H]2CH,0H 

On  hydrolysis  of  sucrose  the  following  series 
of  changes  take  place,  the  final  products  con- 
sisting of  the  equilibrium  mixtures  A and  C 
together,  probably,  with  a small  proportion  of  B 
(cf.  Haworth  and  Law,  Chem.  Soc.  Trans.  1916, 
109,  1314). 


Maltose 

/somaltose 

Gentiobiose 

Cellose 

Lactose 

/solactose 

Melibiose 

Turanose 

Vicianose 

Galactobioses 


Dextrose 

Dextrose- 

Dextrose- 

Dextrose- 

Dextrose 

Dextrose 

Dextrose- 

Dextrose 

Dextrose 

Galactose 


a-glucoside 
;8 -glucoside 
/8 -glucoside 
i8 -glucoside 
/3-galactoside 
galactoside 
galactoside 
and  Isevulose 
and  arabinose 
-galactosides 


Type  II.  No  reducing  properties. 

Sucrose  Dextrose  and  Isevulose 
Trehalose  Dextrose  (2  mols.) 
Glocoxylose  Dextrose  and  xylose 


Mannotriose 

Rhamninose 


Raffinose 

Gentianose 

Melezitose 


Trisacoharides. 

Type  I. 

Dextrose  and  galactose  (2  mols.) 
Dextrose  and  rhamnose  (2  mols.) 

Type  II. 

Galactose  and  dextrose  and  Isevu- 
lose 

Dextrose  (2  mols.)  and  Isevulose 
Dextrose  (2  mols.)  and  Isevulose 


Tetrasacoharides. 

Type  II. 

Stachyose  Lsevulose  and  dextrose  and  galac- 
tose (2  mols.) 


Sucrose,  Saccharose  or  cane  sugar.  The  pre- 
paration and  properties  of  this  are  dealt  with 
under  sugar,  accordingly  only  the  more  theoretical 
aspects  of  its  properties  will  be  considered  here. 
In  contrast  to  most  of  the  sugars  it  crystallises 


Sucrose~>a-glucose  + a-fructose  ^ a-fructose 

It  It  It 

)8-glucose  j8-fructose  j8-fructose 

A Butylene-  B Ethylene-  C Butylene- 
oxide  forms,  oxide  forms,  oxide  forms. 

Sucrose  contains  eight  hydroxyl  groups,  as 
evidenced  by  the  formation  of  octacetyl-, 
octanitro-,  and  octamethyl-  derivatives.  It 
forms  saccharates  Ci2H2iOiiNa  with  sodium  or 
potassium  hydroxides,  and  more  complex 
saccharates  with  lime,  strontia  and  baryta. 

Lactose  or  milk  sugar  C12H22O11  was  first 
separated  from  whey  by  Fabriccio  Bartoletti 
in  1619,  and  termed  nitrum  seri  lactis.  It  is 
found  in  the  milk  of  all  mammals.  Human  milk 
contains  from  5 to  8 p.c.  of  milk  sugar,  cow’s 
and  ewe’s  milk,  from  4^  to  5 p.c.  ; mare’s  and 
ass’s  milk,  about  6 to  7 p.c.  It  has  not  been 
found  in  plants. 

Lactose  is  hydrolysed  by  mineral  acids  to 
dextrose  and  galactose  ; it  is  a ^-galactoside, 
that  is,  the  active  aldehyde  group  is  in  the 
dextrose  residue.  It  is  uncertain  whether  the 
primary  alcohol  group  or  the  a-secondary  alcohol 
group  of  the  dextrose  molecule  takes  part  in  the 
union  with  the  galactose  residue.  Accordingly, 
lactose  has  one  of  the  following  formulae  : — 

CfiHiiOe— 0-CH2‘CH(0H)-CH[CH*0H]2CH(0H) 

(1)  ^ 

CeHiiOg— 0'CH[CH2*0H]-CH[CH-0Hl2'CH0H) 

(2)  '^-0 

The  following  details  of  the  manufacture  of 
lactose  from  whey  are  given  by  Aufsberg  (Chem. 
Zeit.  1910,  34,  885).  Cheese  makers  usually 
send  their  supply  of  whey  to  a central  factory, 
where  the  lactose  is  separated.  Before  the  whey 
is  concentrated,  it  is  heated  and  treated  with 
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from  1 to  3 p.c.  of  acid  (whey  vinegar),  in  order 
to  coagulate  any  albuminous  substances  present. 
The  whey  is  then  concentrated  at  a temperature 
of  from  60°  to  70°  under  reduced  pressure, 
until  it  contains  about  60  p.c.  of  total  soHds  ; 
the  concentrated  liquid  is  run  into  rectangular 
vessels,  each  holding  about  700  litres  and 
surrounded  by  a cold-water  jacket,  and  after 
the  lapse  of  10  hours  the  thick  liquid  is  stirred, 
this  operation  being  repeated  at  intervals.  At 
the  end  of  24  hours,  the  pasty  mass  is  submitted 
to  centrifugal  action,  the  crude,  moist  lactose 
amounting  to  about  3 *85  p.c.  of  the  weight  of 
the  original  whey  ; a further  quantity  of  crude 
lactose,  amounting  to  about  0'5  p.c.,  is  obtained 
by  evaporating  the  mother  liquor  and  allowing 
it  to  crystalhse.  The  crude  lactose  is  now  re- 
fined by  dissolving  it  in  water  so  as  to  form  a 
solution  having  a density  of  13°  to  15°  B.,  adding 
to  the  solution  a quantity  of  bone  charcoal  and 
about  0-2  p.c.  of  acetic  acid,  heating  the  mixture 
to  90°,  then  adding  a small  quantity  of 
magnesium  sulphate,  and  heating  the  whole  to 
boiling.  ' The  flocculent  precipitate  is  removed 
by  filtration,  and  the  filtrate  is  evaporated  by 
heating  under  reduced  pressure  until  it  has  a 
density  of  35°  B.  Crystallisation  is  then  allowed 
to  take  place,  and  the  crystals  are  separated. 
The  lactose  thus  obtained  is  again  subjected  to 
a similar  refining  treatment,  the  final  yield  of 
crystalline  lactose  being  dried  in  a centrifugal 
machine  supplied  with  a current  of  hot  air. 
The  dry  product,  amounting  to  about  2 '5  p.c. 
of  the  weight  of  the  original  whey,  is  then  ground 
and  sifted.  See  also  Milk  Sugar. 

Milk  sugar  is  deposited  from  its  aqueous 
solutions  in  hemihedral  rhombic  or  monoclinic 
crystals.  The  crystals  are  white,  semi-trans- 
parent, hard,  and  grate  between  the  teeth ; 
their  sp.gr.  is  1*53-1  *54.  They  contain  1 mole- 
cule of  water  (Ci2H  220ii,H20),  which  they  retain 
at  100°  over  H2SO4,  but  give  up  completely  at 
130°,  leaving  a colourless  melted  mass  of  anhy- 
drous milk  sugar,  which  solidifies  in  the  crystal- 
line state  on  cooling,  and  is  strongly  hygroscopic. 

If  a solution  of  milk  sugar  is  evaporated  to 
dryness  on  the  water-bath,  an  anhydrous  milk 
sugar  remains  behind,  which  is  not  hygro- 
scopic. 

1^  Hydrated  milk  sugar  is  slightly  hygroscopic, 
soluble  in  5 or  6 parts  of  cold  or  2|  of  boiling 
water  ; from  the  latter  solution  the  crystals  only 
separate  out  slowly  on  cooling.  An  aqueous 
solution  saturated  at  10°  has  a density  of  1*055, 
and  contains  14*55  p.c.  of  hydrated  milk  sugar  ; 
when  left  to  evaporate  it  begins  to  deposit 
crystals  as  soon  as  the  density  =1*063,  and  the 
solution  contains  21*64  p.c.  of  sugar.  It  is 
insoluble  in  alcohol  or  ether. 

According  to  Hudson  (J.  Amer.  Chem.  Soc. 
1908,  30,  1767),  lactose  hydrate  crystallises  from 
aqueous  solution  at  the  ordinary  temperatures, 
whilst  above  95°  the  ^-anhydrous  form  separates. 
Schmoeger,  and  later  Hudson,  have  described 
three  forms  of  lactose.  Thea-hydrate  [a]p-t-86° 
and  the  ^-anhydride  [a] +35  *4°  both  change  in 
solution  into  the  equilibrium  mixture  or  y- 
isomeride  of  constant  rotatory  power  [a]j)+55*3°. 
Lactose  was  the  first  carbohydrate  of  which 
more  than  one  modification  was  observed,  and 
the  relationship  of  these  isomerides  has  been  the 


subject  of  much  discussion  {see  v.  Lippmann, 
Chemie  der  Zuckerarten).  It  is  to  be  explained 
in  the  same  way  as  the  muta-rotation  of  dextrose. 

Lactose  loses  the  water  of  crystallisation  at 
130°  when  heated,  turns  brown  at  160°,  begins 
to  decompose  at  175°,  forming  lactocaramel 
C12H20O40,  and  melts  at  203°. 

On  oxidation  with  biomine  water,  lacto- 
bionic  acid,  C12H22O12  is  formed,  and  this  is 
converted  into  galactose  and  gluconic  acid, 
when  hydrolysed  by  boiling  with  mineral  acids, 
proving  that  lactose  is  a galactoside.  Nitric  acid 
first  causes  hydrolysis,  and  then  forms  mucic 
acid  from  the  galactose,  and  saccharic  acid  from 
the  dextrose.  Like  dextrose,  lactose  gives  rise 
to  two  series  of  derivatives,  corresponding  to  the 
a-  and  forms  of  the  sugar  already  mentioned. 
It  contains  8 hydroxyl-  groups,  and  therefore 
forms  octacetates  on  heating  with  acetic  anhy- 
dride and  a dehydrating  agent.  These  are 
colourless,  crystalhne  substances,  and  well 
characterised.  Other  lower  acetates  are  less 
definitely  characterised. 

Lactose  octacetate  may  be  converted  into 
acetochlorolactose,  and  this  into  methyl  lacto- 
side,  which  crystallises  in  needles,  m.p.  171°.  The 
octacetate,  obtained  by  heating  with  acetic 
anhydride,  crystallises  in  rectangular  plates  or 
needles,  m.p.  86°  (Herzfeld),  98°  (Kremann, 
Schmoeger),  106°  (Fischer  and  Armstrong), 
according  to  the  method  of  purification.  It  is 
obviously  a mixture.  Acetochlorolactose  forms 
prisms,  m.p.  57°-59°  (Fischer  and  Armstrong, 

Ber.  35,  841),  [a]^^+76*2°.  The  isomeride 

forms  prisms,  m.p.  118°-120°,  [al^^+73*5° 

(see  also  Bodart,  Monatsh.  23,  1 ; Dittmar, 
ibid.  23,  865). 

On  heating  with  phenylhydrazine,  acetic  acid 
and  sodium  chloride  in  a boiling  water-bath  for 
1|  hours,  phenyllactosazone  C24H32O9N4  is 
formed.  This  does  not  separate  until  the  solu- 
tion is  cold,  and  is  thus  readily  distinguished 
from  phenylglucosazone.  The  yellow  needles 
melt  at  200°,  and  dissolve  in  80  parts  of  boiling 
water.  With  very  dilute  sulphuric  acid  they 
form  an  anhydride  C24H30O8N4,  which  melts 
at  223°-224°,  and  is  almost  insoluble  in  water 
(Fischer,  Ber.  20,  830).  The  phenylhydrazine 
residues  are  eliminated  by  boiling  with  benzalde- 
hyde,  lactosone  being  formed  : 

CeHn05*0*CH2*[CH*0H]3*C0*CH0 

This  is  obtained  as  a colourless  syrup  on  concen- 
tration of  the  aqueous  solution  in  a vacuum,  and 
is  similar  in  properties  to  glucosone. 

Lactose  forms  characteristic  hydrazones  with 
some  of  the  substituted  phenylhydrazines.  The 
amylphenylhydrazone  has  m.p.  123° ; allyl- 
phenylhydrazone,  m.p.  132° ; benzoylphenyl- 
hydrazone,  m.p.  128° ; /3-naphthylhydrazone, 
m.p.  203°.  Lactal  C20H12O9J  which  is  analogous 
to  glucal  from  glucose,  has  m.p.  184°-186°, 
[«]4)+27°. 

Alkalis  decompose  lactose,  giving  a variety 
of  products.  Strong  alkalis  produce  ultimately 
lactic  acid  ; on  fusion  with  potassium  hydroxide, 
oxalic  acid  is  formed.  The  prolonged  action  of 
lime  results  in  the  formation  of  saccharins  (q.v.). 

Hydrolysis. — Lactose  is  hydrolysed  with 
difficulty  by  cold  mineral  acids,  and  resists  even 


48 


CARBOHYDRATES 


boiling  with  weak  organic  acids.  Towards  sul- 
phuric acid  it  is  1240  times  as  stable  as  sucrose, 
and  shghtly  more  stable  than  maltose.  Stronger 
acids  hydrolyse  it  to  dextrose  and  galactose,  the 
optical  rotatory  power  of  the  solution  changing 
from  +52°  to  +68°. 

Lactose  is  also  hydrolysed  by  an  enzyme 
lactase  {q.v.)  which  is  present  in  Kephir  grains, 
in  almonds,  and  in  some  yeasts.  It  is  not  fer- 
mented by  yeasts,  with  the  exception  of  a few 
torula  {S.  fragilis,  &c.  ; see  Armstrong,  Proc. 
Roy.  Soc.  1905,  76  B,  600)  which  contain 
lactase.  It  is  more  susceptible  to  bacterial 
attack,  and  readily  undergoes  lactic  and  butyric 
acid  fermentations. 

The  synthesis  of  lactose  has  not  been  effected, 
but  an  isomeride  named  provisionally  i<so-]actose, 
was  obtained  by  Fischer  and  Armstrong  by  the 
synthetical  action  of  Kephir  lactase  on  a con- 
centrated mixture  of  equal  parts  of  galactose 
and  dextrose.  It  was  isolated  as  phenyhso- 
lactosazone.  A galactosidoglucose  was  pre- 
pared by  the  same  workers  from  acetochloro- 
galactose,  and  shown  to  be  probably  identical 
with  mehbiose. 

Maltose  C12H22O11  was  perhaps  obtained 
from  starch  by  De  Saussure  in  1819  : it  was 
prepared  by  Varry,  who  failed  to  recognise  it  as 
a distinct  substance.  Dubrunfaut,  in  1847, 
further  examined  it  and  gave  the  name  maltose, 
but  regarded  it  as  a trisaccharide.  O’Sullivan 
showed,  in  1872,  that  it  is  a disaccharide,  and 
gave  a fuller  description  of  its  characters. 

Maltose  is  primarily  a decomposition  product 
of  starch,  and  its  occurrence  in  nature  is  mainly 
under  conditions  where  it  has  been  derived  from 
starch.  Thus  it  is  found  in  the  leaves  of  plants, 
in  germinating  seeds,  and  in  malt,  &c.  Under 
abnormal  conditions,  it  is  found  in  the  urine. 
It  is  a constituent  of  commercial  glucose.  Its 
occurrence  in  the  form  of  a glucoside  is  doubtful ; 
amygdalin  does  not  contain  maltose,  and  it  is 
improbable  that  lotusin  does 

Starch  is  converted  by  the  enzyme  diastase 
first  i into  dextrins  and  then  into  maltose. 
Diastase  also  acts  on  glycogen,  formmg  maltose 
amongst  other  products.  It  is  also  obtained 
when  starch  is  hydrolysed  by  acids.  Early 
workers  have  denied  the  presence  of  maltose 
amongst  the  products  of  acid  hydrolysis,  but 
Fernbach  and  Schoen  (Bull.  Soc.  chim.  1912,  11, 
303)  have  completely  identified  it.  They  regard 
the  processes  of  hydrolysis  of  starch  by  diastase 
and  by  acids  as  essentially  identical  in  the  first 
stage. 

Preparation. — ^Maltose  is  always  prepared  by 
the  action  of  diastase,  usually  malt  extract,  on 
starch  paste  ; its  purification  from  the  dextrins 
present,  which  are  soluble  in  alcohol,  is  often  a 
matter  of  difficulty.  Baker  and  Day  (Brit.  Ass. 
Report,  Dublin,  1908,  671)  recommend  the  use 
of  ungerminated  barley  diastase,  which  converts 
starch  into  maltose,  about  60  p.c.,  and  a-amylo- 
dextrin  ; this  can  easily  be  separated  by  one 
precipitation  with  alcohol.  Precipitated  barley 
diastase  is  added  to  a 3 p.c.  starch  paste,  and 
hydrolysis  conducted  at  50°  for  5 or  6 hours, 
and  subsequently  in  the  cold.  The  solution  is 
evaporated  to  a thin  syrup  and  poured  into 
95  p.c.  cold  alcohol,  so  that  the  resulting  strength 
is  about  80  p.c.  The  a-amylodextrin  is  precipi- 
tated and  removed  by  filtration.  The  alcohol  is 


distilled  off  the  maltose  syrup,  seeded  witn  a 
few  crystals,  and  a little  alcohol  added.  In  a 
fow  hours  it  sets  to  a solid  magma  of  pure 
maltose.  To  purify  it  further  the  sugar  is 
triturated  with  strong  alcohol,  filtered,  dissolved 
in  a little  water,  and  poured  into  boiling  95  p.c, 
alcohol,  again  filtered  and  crystallised  from  the 
filtrate. 


When  malt  diatase  is  used,  the  procedure 
is  similar,  but  the  entire  removal  of  admixed 
dextrins  requires  repeated  purification.  Mal- 
tose of  this  degree  of  purity  separates  readily 
from  strong  aqueous  solution. 

Properties. — Maltose  crystallises  from  water 
in  plates  which  contain  Ci2H  220ji,H20  ; from 
alcohol  (sp.gr.  0*810)  it  crystallises  in  crusts,  and 
at  times  in  cauliflower-like  or  warty  aggrega- 
tions which  contain  C12H22O11.  The  hydrate 
easily  parts  with  its  water  at  100°  in  a current  of 
dry  air.  The  anhydride  is  but  slightly  soluble 
in  strong  ethyl  alcohol ; it  is  more  soluble  in 
methyl  alcohol.  The  hydrate  dissolves  more 
freely  in  both  solvents.  Both  bodies  are  very 
soluble  in  water,  but  less  so  than  dextrose. 
The  solution  is  optically  active,  the  activity 
being  less  when  the  solution  is  freshly  prepared 
than  after  standing. 

The  specific  rotatory  power  for  dry  maltose 
is  [a].  = 154°-155°,  [a]j)=139°-140°  at  15*5°  in 
solutions  containing  10  grams  per  100  c.c.  and 
under  (O’Sullivan,  Chem.  Soc.  Trans.  35,  771, 
and  45,  5).  Meissel  (J.  pr.  Chem.  [2]  25,  114) 
gives  the  formula 

[a-)j)=140*375°-0*01837P-0*095T 

to  represent  the  specific  rotatory  power  of  dry 
maltose  at  0°,  in  which  P= percentage  of 
maltose  in  solution,  and  T the  temperature  of 
observation.  Brown,  Morris,  and  Millar  give 
+ 137*93°.  The  value  depends  on  the  concen- 
tration as  well  as  on  the  temperature.  The 
initial  rotation  is  [a]j)=  + 119°.  Brown  and 
Morris  have  shown  that  maltose  is  first  formed 
in  this  low  rotatory  modification. 

Maltose  reduces  Fehling’s  solution,  100  parts 
being  equivalent  to  62*5  parts  of  dextrose 
(O’Sullivan),  or  61*9  parts  (Brown  and  Heron, 
Chem.  Soc.  Trans.  1879,  35,  618).  It  is  inactive 
towards  cupric  acetate  (Barfoed’s  reagent).  The 
density  of  a solution  containing  10  grams 
maltose"  in+ 00  c.c.  at  15*5°  is  1*0393. 

Maltose  is  hydrolysed  on  heating  with 
mineral  acids  to  two  molecules  of  dextrose. 
Sulphuric  acid  at  80°  attacks  it  1*27  times  as 
readily  as  lactose.  The  weaker  organic  acids 
are  almost  without  effect  except  after  prolonged 
action. 

Bromine  oxidises  maltose  to  maltobionic  acid 
(Fischer  and  Meyer,  Ber.  22,  194).  This  has  the 
formula  C12H22O12J  S'Hd  is  hydrolysed  by  mineral 
acids  to  dextrose  and  gluconic  acid.  The 
behaviour  towards  maltase  classes  maltose  as 
dextrose-a-glucoside,  and  the  following  con- 
stitutional formula  is  provisionally  applied  : — 


CH2(0H)*CH(0H)*CH*[CH*0H]2*CH 
CH(0H)*[CH*0H]2*CH*CH(0H)*CH2. 
I 0 ' 


The  compounds  of  Maltose. — The  octonitrate 
(Will  and  Lenze,  Ber.  31,  68)  crystallises  in 


CARBOHYDRATES. 


49 


lustrous  needles,  m.p.  163°-164°,  [a]^^+128°. 

The  octacetate  exists  in  two  isomeric  forms. 
Prepared  by  heating  maltose  with  acetic  anhy- 
dride and  sodium  acetate,  it  has  m.p.  159^-160°, 
[a]^+63°  in  chloroform.  The  a-isomeride  has 

m.p.  125°,  [a]^-fl22°  (Hudson  and  Johnson, 

J.  Amer.  Chem.  Soc.  1915,  37,  1276). 

a-  and  jS-heptacetylchloro-  and  -bromo- 
maltose  have  been  described  (Fischer  and  Arm- 
strong, Ber.  34,  2895  ; 35,  840  ; Foerg.  Monatsh. 
23.  44). 

a-Methyl  maltoside  (Foerg,  ibid.  23,  44) 
crystallises  in  slender  plates,  m.p.  125°-127°. 
j8-Methyl  maltoside  (Fischer  and  Armstrong, 
Ber.  13,  34,  2895  ; Konig  and  Knorr,  ibid,  34, 
4343)  forms  concentrically  grouped  needles, 

m.p.  93°-95°,  [a]^^+70°.  Phenyl  maltoside, 

m.p.  96°,  and  menthyl  maltoside  (Fischer,  Ber. 
1910,  43,  2521),  have  also  been  described. 

The  hydrazones  are  not  characteristic. 

The  phenylosazone  C24H32O9N4  is  prepared 
by  heating  maltose  with  excess  of  phenylhydra- 
zine  and  acetic  acid  for  1^  hours  on  the  water- 
bath.  It  separates  after  the  solution  has  cooled 
(difference  from  dextrosephenylosazone).  Ac- 
cording to  Fischer  (Ber.  17,  579  ; 20,  821)  it 
crystallises  in  slender  bright  yellow  needles  and 
not  in  aggregates,  having  m.p.  206°  ; Ost  (Chem. 
Zeit.  19,  1503)  gives  202°-208°. 

J.  L.  Baker  states  that  the  osazone  prepared 
from  his  pure  maltose  had  m.p.  195°,  and  con- 
sisted entirely  of  characteristic  broad  prisms, 
resembling  ribbons  in  the  microscopic  field. 
The  stellate  aggregates  of  crystals  present  in 
the  osazone,  from  maltose  containing  traces  of 
dextrin,  were  absent.  Maltosazone  does  not 
form  an  anhydride. 

Maltose-p-bromophenylosazone  has  m.p. 
198°.  The  p-nitrophenylosazone  crystallises  in 
red  needles,  m.p.  261°  (Hyde,  Ber.  32,  1815). 
Maltose-p-diaminobenzoic  acid 


is  formed  in  small  quantities  on  prolonged 
boiling  of  concentrated  solutions  of  the  com- 
ponents. It  crystallises  anhydrous  in  plates, 
m.p.  235°,  or  hydrated  with  1 mob  H.^O  in  needles. 
The  metaUic  compounds  of  maltose  are  amor- 
phous and  iU-characterised.  It  does  not  form 
double  salts  with  the  alkah  chlorides. 

Fennentation. — Maltose  is  fermented  only 
after  hydrolysis  to  dextrose.  This  hydrolysis 
is  effected  by  maltase,  which  is  present  in  most 
yeasts  but  absent  in  8.  Ludwigii,  8.  Marxianus, 
8.  exiguus,  8.  membrancefaciens,  some  forms  of 
8,  anomalus,  W.  saturnus,  and  many  others. 
Accordingly,  these  yeasts  do  not  ferment 
maltose.  Maltose  is  also  fermented  by  most 
moulds,  and  readily  undergoes  lactic  and  butyric 
acid  fermentation. 

8ynthesis. — Maltose  is  perhaps  formed  to- 
gether with  tsomaltose  by  the  action  of  concen- 
trated hydrochloric  acid  on  dextrose.  It  is  also 
formed  by  the  action  of  emulsin  on  concen- 
trated solutions  of  dextrose  (E.  F.  Armstrong, 
Proc.  Roy.  Soc.  1905,  76  B,  592).  In  each  case, 
however,  only  amorphous  or  syrupy  products 
could  be  obtained. 

Isomaltose  (Revertose,  Galhsin)  was  obtained 
VoL  II— T 


by  Fischer  (Ber.  23,  3024,  3687)  by  the  action  of 
400  grams  of  cold  concentrated  hydrochloric 
acid  on  dextrose  (100  grams)  at  10°-15°.  It  is 
a viscid  syrup,  [a]j)-l-70°,  and  characterised  by 
being  non-fermentable  and  forming  a crystalline 
phenylosazone,  m.p.  from  140°  to  155°  (Fischer), 
according  to  the  purity. 

Scheibler  and  Mittelmeier  (Ber.  23,  3075) 
claimed  that  the  gallisin  of  Schmitt  and  Cobenzl 
(Ber.  17,  1000,  2456)  consists  mainly  of 
i^omaltose. 

Gallisin  is  found  in  commercial  glucose.  It 
may  be  obtained  as  a white  amorphous  deli- 
quescent powder,  by  treating  the  unfermentable 
syrup,  after  evaporation,  with  absolute  alcohol, 
and  finally  with  ether  alcohol.  It  has  a slightly 
sweet  taste ; is  insoluble  in  ether,  slightly 
soluble  in  absolute  ethyl  alcohol,  more  easily 
soluble  in  methyl  alcohol  and  acetic  acid.  It 
reduces  silver  nitrate,  and  Fehhng’s  solution  ; 
the  cupric  reducing  power  of  10  *98  grams = that 
of  5 grams  of  glucose.  It  gives  no  precipitates 
with  solution  of  lead  acetate,  mercuric  chloride, 
ferric  chloride,  or  barium  chloride.  On  boiling 
with  dilute  acids  it  is  converted  into  dextrose. 

Subsequently,  a large  number  of  products 
obtained  in  the  'Jiydrolysis  of  starch  or  of 
glycogen  have  been  stated  to  be  identical  with 
isomaltose,  but,  failing  any  characteristic  deriva- 
tive, definite  proof  of  its  presence  in  such  cases 
is  lacking  {v.  Lippmann’s  Chemie  der  Zucker- 
arten).  It  is  possible  that  gallisin  and  most  of 
these  products  represent  dextrins  of  low  molecular 
weights  or  admixtures  of  these  with  maltose. 

By  the  action  of  maltase  on  a concentrated 
solution  of  dextrose,  Croft  Hill  (Chem.  Soc. 
Trans.  1903,  83,  578)  has  obtained  a disaccharide 
which  he  terms  Revertose.  Possibly  this  is 
identical  with  isomaltose. 

By  a similar  process,  E.  F.  Armstrong  (Proc. 
Roy.  Soc.  1905,  76,  B,  592)  has  obtained  an 
*somaltose  which,  like  that  obtained  by  the 
action  of  acids,  is  hydrolysed  by  emulsin. 
»5oMaltose  is  not  attacked  by  maltase,  and  the 
behaviour  towards  enzymes  suggests  that  it  is 
dextrose-i8-glucoside. 

According  to  Gatterbauer  (Zeitsch.  Nahr. 
Genussm.  1911,  22,  265),  the  difficultly  ferment- 
able part  of  starch-syrup,  formerly  termed 
gallisin,  consists  of  a new  carbohydrate  glucosin 
and  small  amounts  of  maltose  ; dextrins  are 
not  present. 

Glucosin  is  isomeric  but  not  identical  with 
maltose ; it  is  a yellowish- white  powder, 
hydrolysed  with  difficulty  by  beer-yeast,  more 
readily  by  yeast  maltase  or  emulsin,  to  glucose. 

Dilute  mineral  acids  give  glucose,  with 
concentrated  mineral  acids  the  reaction  is 
reversible.  The  phenylosazone  melts  at  97 °- 
100°,  the  p-nitrophenylosazone  at  240°. 

Cellose  (Cellobiose)  is  prepared  by  hydrolysis 
of  the  octacetate  formed  by  the  action  of  acetic 
anhydride  on  filter  paper. 

♦ Topreparethe  octacetate  Ci2Hi40ii(0C2H3)8, 
7*5  grams  of  finely  divided  filter  paper  are 
shaken  with  20  c.c.  acetic  anhydride,  the  mixture 
cooled  to  70°,  and  at  this  temperature  a mixture 
of  7 c.c.  acetic  anhydride  and  4 c.c.  concentrated 
sulphuric  acid  is  added.  The  temperature  rises 
to  110°,  the  product  is  poured  into  500  c.c.  water, 
and  the  amorphous  acetate  collected,  washed, 
and  repeatedly  crystallised  from  95  p.c.  alcohol 
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or  from  ethylacetate.  It  is  ultimately  obtained 
in  colourless  needles,  m.p.  228°. 

Five  grams  are  moistened  with  alcohol  and 
hydrolysed  with  15  p.c.  alcoholic  potassium 
hydroxide.  A granular  powder  separates  : this 
is  dissolved  in  a little  water,  excess  of  alkali 
neutralised  with  acetic  acid,  and  the  solution 
evaporated  to  a syrup,  which,  after  treatment 
with  absolute  alcohol  and  inoculation  with  a 
crystal,  ultimately  yields  cellose  as  a colour- 
less microcrystalline  powder.  It  tastes  faintly 
sweet,  dissolves  in  8 parts  of  cold  and  1'5  parts 
of  hot  water,  and  reduces  Fehling’s  solution.  It 

has  [«]^^  about  +25°  when  freshly  dissolved, 

increasing  to  +35-0°.  It  is  not  fermentable  ; 
acids  hydrolyse  it  to  2 molecules  of  dextrose,  as 
also  does  the  emulsin  of  almonds. 

The  phenylosazone  forms  long  yellow 
needles,  m.p.  208°-210°,  [a]^  -17*5°,  soluble  in 


then  concentrated,  poured  into  hot  alcohol,  and, 
after  cooling,  precipitated  with  ether.  This 
syrup,  after  further  treatment  with  alcohol  and 
inoculation,  crystallises  with  difficulty  after 
long  standing  in  the  cold  (cf.  also  Hudson,  J. 
Amer.  Chem.  Soc.  1915,  37,  2734). 

Alternatively,  20  p.c.  solutions  of  raffinose 
are  hydrolysed  by  boiling  with  2 p.c.  acetic  acid, 
and  concentrated  to  a syrup  in  a porcelain 
vessel.  This  is  rubbed  with  2 vols.  of  95  p.c. 
alcohol,  the  alcohol  decanted,  and  ether  added 
till  a cloud  appears.  After  2 da5^s,  this  solution 
is  decanted  from  any  precipitate,  inoculated 
with  a few  crystals,  and  set  aside  in  closed 
vessels. 

Melibiose  hydrate  Ci2H  220ii,2H20  forms 
doubly  refractive  monoclinic  plates  : 

[a  : 6 : c=l  : 1-9227  : 2-0124,  ;8=77-16°] 
m.p.  84°-85°.  The  hydrate  has  [a]^^+  129-5° 


135  parts  of  boiling  water. 

Hudson  and  Johnson  (J.  Amer.  Chem.  Soc. 
1915,  37,  1276)  consider  that  cellose  is  composed 
of  two  glucose  residues  united  similarly  to  the 
glucose  and  galactose  residues  in  lactose.  They 
quote  an  a-octacetate,  m.p.  229°,  [a]^+42°,  and 

a )8-octacetate  prepared  with  acetic  anhydride 
and  sodium  acetate,  m.p.  202°,  — 15°. 

On  reduction  of  ocetobromocellose  with  zinc 
and  acetic  acid  and  hydrolysis  of  the  acetyl 
derivative  cellobial  is  obtained,  m.p.  175°- 17 6°, 
[“]p+l°.  Emulsin  hydrolyses  this  to  glucose 

and  hydroglucal  (Fischer  and  Fodor,  Ber.  1914, 
47,  2057). 

Hudson  and  Dale  (lx.)  give  the  specific 
rotation  in  water  of  the  a-  and  /3-  forms  of 
cellose  as  +72-0°  and  +16-0°  respectively. 

Gentiobiose  is  obtained  by  the  action  of 
invertase  or  of  very  dilute  acids  on  the  tri- 
saccharide gentianose.  It  may  be  prepared 
from  old  gentian  roots  in  which  this  hydrolysis 
has  already  taken  place  by  extraction  with 
water  and  removal  of  the  laevulose  by  fer- 
mentation with  top -fermentation  yeast.  It 
separates  from  alcohol  in  anhydrous  crystals, 
m.p.  190°-195°.  It  exhibits  muta-rotation,  the 

initial  value  for  [a]^  being  +9-6°.  It  is  not 

fermented  by  yeast.  Emulsin,  derived  either 
from  almonds  or  Aspergillus  niger,  hydrolyses 
it  to  dextrose.  The  phenylosazone  has  m.p. 

The  ^-octacetate,  m.p.  195°,  6°,  crystal- 

lises well,  and  may  be  used  to  isolate  gentiobiose 
from  gentian  roots  or  other  plant  products. 
The  phenylosazone  crystallises  in  stellate  needles, 
m.p.  160°-170°,  76°.  An  isomeride  ob- 

tained on  heating  this  with  acetic  anhydride 
and  zinc  chloride  has  m.p.  188°- 189°,  [a]j^+52°. 

Melibiose  was  first  obtained,  together  with 
laevulose,  by  the  partial  hydrolysis  of  raffinose 
(Scheibler  and  Mittelmeier,  Ber.  22,  1678,  23, 
1438)  ; this  may  be  effected  by  dilute  acids  or 
certain  bottom-fermentation  yeasts.  Bau  gives 
the  following  methods  of  preparation. 

20  grams  of  raffinose  in  250  c.c.  water  are 
sterilised  and  fermented  for  1 day  at  30°  with  a 
pure  culture  of  a top-fermentation  yeast.  The 
filtrate  is  sterilised  and  fermented  during  several 
days  with  a further  portion  of  the  yeast.  It  is 


as  stable  value,  and  shows  muta-rotation,  the 
initial  value,  5 minutes  after  solution,  being 


+ 108°.  The  anhydride  has  [a]^^+143°.  It  is 

very  soluble  in  water,  sparingly  so  in  ethyl 
alcohol.  Strong  acids  hydrolyse  it  to  dextrose 
and  galactose  : it  is  slightly  more  resistant  than 
lactose.  It  is  very  sensible  to  traces  of  alkali. 
It  is  reduced  by  sodium  ama.lgam  to  melibiositol, 
a syrup  which  is  hydrolysed  to  galactose  and 
mannitol.  It  is  attacked  by  bottom-  and  not  by 
top -fermentation  yeasts,  and  thus  affords  a 
means  of  distinguishing  between  these  two 
varieties  of  yeast.  The  former  variety  contains 
the  enzyme  melibiase.  It  is  slowly  hydrolysed 
by  emulsin. 

The  following  derivatives  are  known : 
phenylhydrazone,  light-yellow  needles,  m.p. 
145°  ; allylphenylhydrazone,  m.p.  197° ; 8- 
naphthylhydrazone,  m.p.  135°  ; phenylosazone, 
yellow  needles  from  toluene,  m.p.  178°-179°. 
This  dissolves  in  110  parts  of  boiling  water,  and 
interacts  with  benzaldehyde  to  form  meli- 
biosone.  The  p-bromophenylosazone  has  m.p. 
181°-182°.  The  octacetate  has  m.p.  177°, 

[a]^+102°. 

Melibiose  was  the  first  natural  disaccharide 
to  be  obtained  synthetically  (Fischer  and  Arm- 
strong, Ber.  35,  ^44).  It  was  prepared  by  the 
interaction  of  acetochlorogalactose  with  dex- 
trose. 

Trehalose  {mycose,  trehalabiose)  was  origin- 
ally discovered  in  ergot,  and  has  since  been 
proved  to  be  very  widely  distributed  in  fungi 
(Bourquelot).  It  apparently  replaces  sucrose 
in  those  plants  which  contain  no  chlorophyll  and 
do  not  manufacture  starch.  Trehalose  was 
found  in  142  out  of  212  species  investigated,  but 
only  in  certain  parts  of  the  fungus  and  at  certain 
stages  of  the  vegetative  period.  The  quantity 
is  a maximum  just  before  the  formation  of 
spores.  When  fungi  are  picked,  trehalose  is 
rapidly  converted  into  mannitol,  and  after  a few 
hours  it  has  entirely  disappeared.  The  trehala 
manna  from  Syria  and  Persia  is  stated  to  con- 
tain 20  p.c.  of  trehalose.  To  prepare  trehalose, 
suitable  fungi  (particularly  Agaricus  and  Boletus 
species)  are  boiled  with  much  strong  alcohol 
immediately  after  picking.  It  was  found  as  an 
incrustation  on  flowers  of  Carex  hrunescens 
(flowering  rush)  after  a sudden  sharp  July  frost 
(von  Lippmann,  Ber.  1912,  45,  3431). 
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Trehalose  Ci2H220ii,2H20  crystallises  in 
lustrous  glass-like  rhombic  prisms 

[a  : & ; c=0-6814  : 1 : 0-4171  ; ;8-=lll°  31'] 

m.p.  97°.  It  becomes  anhydrous  at  130°.  It 

90  ^ 

has  [a]^  +178°  for  the  hydrate  and  +197°  for 

the  anhydride,  without  any  muta-rotation. 
Acids  hydrolyse  it  to  2 molecules  of  dextrose, 
but  according  to  Winterstein,  only  with  con- 
siderable difficulty,  and  it  contrasts  markedly  in 
this  respect  with  sucrose. 

It  does  not  reduce  Fehling’s  solution  or  form 
a phenylosazone,  and  has  the  formula 

^ 0 i 

CH2(OH)-CH(OH)-CHCH(OH)-CH(OH)*CH\p. 

CH2(0H)-CH(0H)-CH-CH(0H)-CH(0H)-CH-^^ 

' -0 I 

It  is  not  hydrolysed  by  invertase  and  most 
enzymes,  but  is  affected  by  a special  enzyme, 
named  trehalase,  present  in  most  fungi,  moulds, 
and  some  yeasts,  and  conveniently  prepared 
from  As'pergillus  niger.  Accordingly,  trehalose 
is  fermented  by  those  yeasts  which  contain 
trehalase.  It  forms  few  derivatives  : the 

octanitrate  has  m.p.  124°,  [a]^^+ 173-8°  ; the 

octacetate  has  m.p.  97°,  [a]jj  + 162°;  the  tetra- 

benzoate,  m.p.  81°-83°. 

Turanose  C12H22OH  is  obtained  from  the 
trisaccharide  melezitose,  together  with  dextrose 
on  hydrolysis  with  20  p.c.  acetic  acid  solution. 
The  dextrose  is  destroyed  by  yeast,  and  the 
turanose  isolated  from  an  alcoholic  extract  of 
the  residue  in  transparent  non -crystalline 
rounded  grains  of  the  composition 

Ci2H220ii-4C2HeO. 

They  melt  at  60°-65°,  lose  their  alcohol  at  100° 
and  yield  the  pure  sugar  [«]jj  + 7-18°  without 

muta-rotation  (Tanret,  Compt.  rend.  1906,  142, 
1424). 

Turanose  has  a reducing  power  of  60 
(dextrose=100),  and  is  hydrolysed  by  mineral 
acids  to  an  equal  molecular  mixture  of  dextrose 
and  Isevulose,  and  not  to  dextrose  only,  as 
originally  stated  by  Alekin  (Ann.  Chim.  Phys. 
[6]  18,  532).  Invertase,  maltase,  emulsin,  and 
diastase  are  without  action.  The  j)henylosazone 
has  m.p,  215°-220°  (Fischer,  Ber.  27,  2486).  It 
thus  differs  from  sucrose  in  containing  a free 
aldehydic  group. 

Other  Less-known  Disaccharides. 

Glucoapiose  CiiH2oOio  is  contained  in  the 
glucoside  apiin.  It  has  not  yet  been  isolated,^  as 
hydrolysis  of  apiin  by  dilute  acids  yields  only 
apiose  and  gluco-apigenin,  and  enzymes  are 
without  action. 

Galacto-arabinose  was  obtained  by  Ruff  and 
Ollendorf  (Ber.  32,  352  ; 33,  1806)  by  oxidation 
of  lactobionic  acid  from  lactose.  It  is  a dextro- 
rotatory syrup  : the  phenylosazone  has  m.p.  238°. 

Glucoxylose.  By  hydrolysis  of  the  glucoside 
dihenzoylglacoxylose,  occurring  in  Daviesia  lati- 
folia,  the  carbohydrate  glucoxylose  C\iH2oOioj 
is  produced  as  an  amorphous  horny  mass,  very 
soluble  in  water  C Power  and  Sal  way,  Chem.  Soc. 
Trans.  1914,  105,  767,  1062).  It  has  [a]^-36°, 

does  not  reduce  Fehling’s  solution,  and  does  not 


give  an  osazone.  Acid  hydrolysis  yields  glucose 
and  xylose.  Its  constitution  is  therefore  given 
as  : — • 

CH2(OH)-CH(OH)-CH^(OIiy^H- 

O— CH-[CH(0H)]2*CH-CH2(0H) 

0 — ' 

Strophantobiose  C12H22O10  is  obtained  in  the 
form  of  the  methyl-  derivative  from  the  glucoside 
strophantin  (Fiest,  Ber.  31,  535  ; 33,  2063, 
2069,  2091).  It  forms  colourless  crystals,  m.p. 
207°  ; does  not  reduce  Fehling,  and  is  not  fer- 
mentable. Acids  hydrolyse  it  to  mannose, 
rhamnose,  and  methyl  alcohol. 

Vicianose  CiiH2oOio  is  prepared  by  Ber- 
trand and  Weisweiller  (Compt.  rend.  1910,  150, 
180)  by  hydrolysing  the  glucoside  in  the  seeds  of 
Vida  angusti folia  by  the  enzyme  occurring  in 
them.  It  crystallises  in  aggregates  of  small 

needles,  m.p.  about  210°  ; has  [a^^]  + 39-7°,  the 

initial  value  being  much  higher.  It  reduces 
Fehling,  and  is  converted  into  dextrose  and 
arabinose  on  hydrolysis. 

Diglucose  from  amygdalin.  When  amyg- 
dalin  is  hydrolysed  by  the  digestive  juice  of 
Helix  pomatia,  the  first  product  is  a biose  ob- 
tained as  an  amorphous  powder.  This  is  non- 
fermentable,  and  does  not  reduce  Fehling’s 
solution : it  probably  has  a constitution  re- 
sembling that  of  trehalose  (Giaja,  Compt.  rend. 
1910,  150,  793-796). 

Trisaocharides. 

Mannotriose  CigHgaOig  is  obtained  by  the 
action  of  either  invertase  or  acetic  acid  on 
mannotetrose  (stachyose).  It  is  a colourless, 
faintly  sweet  crystalline  substance,  m.p.  150° 
[a]^  + 167°.  It  reduces  Fehling’s  solution. 

Bromine  oxidises  it  to  mannotrionic  acid,  which 
is  hydrolysed  on  warming  with  acids  to  2 mols. 
d-galactose  and  1 mol.  gluconic  acid.  It  is 
slowly  hydrolysed  by  emulsin  and  by  some 
yeasts,  and  is  then  fermented,  but  whether 
completely  so  is  not  known. 

The  phenylosazone  has  m.p.  192°- 194°, 
according  to  Neuberg,  and  122°  as  given  by 
Tanret.  Bierry  (Compt.  rend.  1911,  152,  465) 
confirms  m.p.  122°-124°. 

Khamninose  C18H34O14  is  only  obtained  from 
the  glucoside  xanthorhamnin  present  in  the 
Persian  berry  {Ehamnus  mfectoria).  In  addi- 
tion to  the  glucoside,  the  fruits  contain  an 
enzyme,  termed  rhamninase,  which  hydrolyses 
it  to  the  trisaccharide  and  rhamnetin.  Rhamni- 
nose  forms  colourless  crystals  of  faintly  sweet 
taste,  m.p.  135°-140°,  41° ; it  reduces 

Fehling’s  solution.  Acids  hydrolyse  it  to 
galactose  and  2 molecules  of  rhamnose.  Sodium 
amalgam  reduces  it  to  the  alcohol  rhamninitol 
[a]^  — 57°,  which  is  hydrolysed  by  acids  to 

dulcitol  and  2 molecules  of  rhamnose.  Bromine 
oxides  it  to  rhanminonic  acid  C18H32O15,  which 
is  obtained,  mixed  with  its  lactone,  as  an  amor- 
phous substance;  m.p.  125°,  94-3°.  It  is 

hydrolysed  to  d-galactonic  acid  and  rhamnose. 

This  behaviour  points  to  the  two  rhamnose 
residues  being  united  in  the  trisaccharide,  but  this 
disaccharide  has  not  been  isolated.  Rhamninose 
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is  not  fermentable,  and  enzymes  are  without 
action.  The  octacetate  has  m.p.  95°,  [a]j)— 31°. 

Gentianose  CigHgaOig  is  found  in  the  roots 
of  a number  of  gentians,  from  which  it  is  pre- 
pared by  extracting  the  fresh  roots  with  95  p.c. 
alcohol.  It  crystallises  in  colourless  plates, 
m.p.  209°-210°,  tastes  faintly  sweet,  and  has 
[a]p+31-2°  to  -j-33-4°. 

It  does  not  reduce  Fehling’s  solution,  but  is 
hydrolysed  by  acids  to  Isevulose  and  2 mole- 
cules of  dextrose,  the  final  product  having 
[a]j) — 20*2°.  The  enzyme  invertase  hydrolyses 
it  to  Isevulose  and  the  di saccharide  gentiobiose, 
that  of  Aspergillus  niger  converts  it  into  dextrose 
and  sucrose. 

Raflinose  (also  termed  melitose,  gossypose, 
melitriose)  CigHpgOig  was  first  discovered  by 
Johnston  in  1843,  in  the  manna  from  Eucalyptus 
mannifera,  found  in  Tasmania.  It  is  often 
found  in  considerable  amount  in  the  sugar  beet, 
where  it  was  discovered  by  Loiseau  ; Ritthausen 
found  it  in  cotton-seed  cake  ; it  is  also  present 
in  wheat  and  in  oats.  To  prepare  raffinose  from 
molasses,  strontium  oxide  is  added  until  a mole- 
cule is  present  for  every  molecule  of  sucrose. 
After  some  hours,  the  strontium  saccharate 
formed  is  separated  by  filtration  and  the  liquid 
heated  with  excess  of  strontia,  whereby  the 
raffinose  distrontionate  is  precipitated.  The 
strontia  compound  is  decomposed  by  carbon 
dioxide,  the  solution  concentrated,  and  the 
process  repeated  to  remove  most  of  the  sucrose. 
The  syrup  finally  obtained  is  dissolved  in  hot 
alcohol ; the  product  which  separates  on  cooling 
is  kept  under  alcohol  in  a closed  vessel,  when 
raffinose  slowly  crystallises. 

According  to  Hudson  and  Harding  (J.  Amer. 
Chem.  Soc.  1914,  36,  2110),  cotton-seed  meal  is 
extracted  with  water,  and,  after  purification,  the 
solution  is  evaporated  and  barium  hydrate 
added.  The  barium  raffinate  is  powdered  and 
washed  with  methyl  alcohol.  The  barium  com- 
pound is  suspended  in  water  and  decomposed 
with  the  exact  amount  of  50  p.c.  phosphoric 
acid.  The  filtrate  is  completely  freed  from 
barium  by  sulphuric  acid,  and  concentrated  in 
a vacuum,  seeded  with  raffinose  hydrate  and 
left  to  crystallise.  The  yield  is  4-5  p.c.  of 
the  weight  of  cotton-seed  meal  employed. 

Raffinose  forms  small  needles,  soluble  in  6 
parts  of  water  at  16°  ; it  is  less  soluble  in 
ethyl  alcohol  than  sucrose.  It  is  difficult 
to  recognise  when  it  crystallises  with  sucrose. 
The  hydrate  melts  at  80°,  the  anhjffirous 
forms  at  118°-119°.  The  optical  rotatory 
power  [a]^  is  -fl04°  without  muta-rotation. 

It  has  no  reducing  action,  and  behaves  exactly 
as  sucrose.  Dilute  mineral  acids  hydrolyse  it 
to  leevulose  and  melibose  : strong  acids  yield 
a molecule  each  of  Isevulose,  dextrose,  and 
galactose.  Invertase  converts  it  into  Isevulose 
and  melibiose,  emulsin  hydrolyses  it  to  sucrose 
and  galactose.  Accordingly,  the  formula  is 
established  as  : 

CeHxiOs-O-CeHioO^-O-CeHiiOs 

Lsevulose.  Dextrose.  Galactose. 

Sucrose.  Melibiose. 

The  undeca-acetyl  derivative  has  m.p.  100°, 

The  analysis  of  raffinose  in  admixture  with 


closely  related  sugars  may  be  effected  by  means 
of  selected  enzymes.  For  details  of  the  method, 
see  Davis  (J.  Soc.  Chem.  Ind.  1915,  35,  201). 

Melezitose  (melicitose)  CigH320i6‘2H20,  is 
found  in  Brian9on  manna,  which  is  obtained  as 
an  exudation  from  the  young  twigs  of  the  larch 
(Abies  tarix  ; Fr.  Meleze).  The  manna  from  the 
Douglas  fir  consists  mainly  of  melezitose 
(Hudson  and  Sherwood,  J.  Amer.  Chem.  Soc. 
1918,  40,  1456).  It  was  investigated  by  Berthe- 
lot  (Ann.  Chim.  Phys.  [3]  55,  282)  and  by 
Alekhine  (ibid.  [6]  18,  532).  It  is  found  also 
in  turanibin  or  terenjabine,  an  exudation  from 
Alhagi  maurorum,  growing  in  Afghanistan, 
Persia,  and  in  the  deserts  of  the  East,  and  used 
in  Northern  India  as  a laxative  (Villiers,  ibid. 
[5]  12,  43).  This  substance  is  a brown,  semi- 
solid mass,  of  a slightly  sweet  taste,  due  mainly 
to  the  presence  of  dextrose.  To  obtain  melezitose 
from  this  product  it  is  treated  with  four 
times  its  weight  of  lukewarm  water,  and  the 
liquid  passed  through  a sieve  to  separate  husks, 
leaves,  &c.,  and  after  standing  to  allow  of  the 
deposition  of  earthy  matter,  it  is  evaporated  to 
half  its  bulk.  On  standing  for  a few  days,  the 
greater  part  of  the  melezitose  crystallises  out. 
The  crystals  are  redissolved  in  twice  their  weight 
of  hot  water,  the  solution  heated  on  the  water- 
bath,  diluted  with  its  own  volume  of  alcohol, 
heated  to  boiling  to  separate  earthy  and  co- 
agulable  matter,  and  filtered  whilst  hot.  On 
coohng,  melezitose  separates  out  and  may  be 
obtained  pure  by  two  or  three  recrystalhsations. 
It  forms  large  rhombohedral  prisms 

Cl8H320|g,2H20 

which  effloresce  in  air  and  become  opaque  ; they 
lose  the  whole  of  their  water  at  110°.  Dehy- 
drated melezitose  has  m.p.  148°-150°  ; 100  pts. 
of  water  dissolve  of  anhydrous  melezitose  26*8 
pts.  at  17.5°  ; 34*4  pts.  at  25°  ; 75*6  pts.  at  100°  ; 
sparingly  soluble  in  alcohol,  insoluble  in  ether. 
The  rotatory  power  is  [a]j)4-88'5°.  Melezitose 
yields  no  crystalhne  compounds  with  alkaline 
chlorides.  On  boihng  with  dilute  sulphuric  acid 
it  yields  turanose  and  dextrose,  the  rotation 
falling  to  +63°.  It  has  no  action  on  an 
alkaline  solution  of  copper,  and  is  unchanged 
by  diastase  or  yeast.  Nitric  acid  transforms  it 
into  oxalic  acid  without  the  intermediate 
formation  of  mucic  acid.  It  does  not  interact 
with  phenyl  hydrazine.  The  undeca-acetate 
C^i8H2iOi6(OC2H3)ii  crystallises  in  shining  mono- 
clinic prisms,  m.p.  170°,  [a]^^+ 110*4°. 

Stachyose  (Mannotetrose,  Lupeose)  C24H42O21 
was  discovered  by  Schulze  and  Planta  in  the 
tubers  of  Stachys  tubifera,  and  thought  to  be  a 
trisaccharide.  Tanret  obtained  it  from  ash 
manna,  and  termed  it  mannotetrose.  It  has  also 
been  found  in  the  twigs  of  white  jasmine  and  in 
the  subterranean  parts  of  Lamium  album.  It 
constitutes  from  60-75  p.c.  of  the  dry  matter  of 
the  stachys  tubers.  The  tetrahydrate  crystal- 
lises in  lustrous  hard  doubly  refractive  colourless 
plates  (a  : 5 : c = 1*0512  : 1 : 0*4213,  y=:90°  46'). 
It  tastes  quite  sweet  and  dissolves  at  13°  in  0'75 
part  of  water.  The  anhydride  has  m.p.  167°- 
170°,  [a]j)+148°,  without  muta-rotation;  the 
hydrate  has  [a]p+133°. 

Stachyose  is  not  acted  on  by  Fehhng’s  solu- 
tion or  by  alkalis.  Acetic  acid  hydrolyses  it 
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to  Isevulose  and  mannotriose.  Sulphuric  acid 
converts  it  into  4 monosaccharides,  viz.  : 1 mole- 
cule laevulose,  1 molecule  dextrose,  2 molecules 
galactose.  By  the  action  of  nitric  acid,  about 
38  p.c.  of  mucic  acid  is  formed.  Invertase 
hydrolyses  it  to  laevulose  and  mannotriose, 
which  latter  is  slowly  attacked  by  the  emulsin 
of  almonds  or  of  Aspergillus  niger. 

According  to  recent  work  of  Schulze,  stachy- 
ose  is  probably  identical  with  the  carbohydrate 
lupeose,  present  in  Lupinus  luteus  and  angusti- 
folius,  as  lupeose  has  [a]j)+148°,  and  gives  the 
same  products  on  hydrolysis. 

Neuberg  (Biochem.  Zeitsch.  1910,  24,  173) 
prepares  it  by  pressing  the  juice  from  the  tubers, 
precipitating  impurities  with  mercuric  acetate, 
removal  of  the  metal  by  hydrogen  sulphide, 
neutralisation  with  ammonia,  and  concentration 
to  a syrup,  which  is  precipitated  with  alcohol. 
The  precipitate  is  dissolved  in  water,  impurities 
precipitated  with  phosphotungstic  acid,  and 
the  filtrate  concentrated.  Barium  hydroxide 
and  alcohol  are  added  alternatively.  After  24 
hours,  the  barium  salt  is  collected,  washed  with 
alcohol,  and  decomposed  by  carbon  dioxide. 
Reducing  sugars  are  removed  by  this  treatment 
and  the  stachyose  readily  crystallises. 

Polyamyloses  have  been  obtained  from 
potat^  starch  paste  by  the  action  of  Bacillus 
Macerans  (Schardinger,  Chem.  Soc.  Abstr. 
1912,  i.  181  ; Pringsheim  and  Langhans,  Ber. 
1912,  45,  2533).  Tetra-amylose  (C6Hio05)4  or 
a-dextrin  crystallises  in  colourless  hexagonal 
plates,  [a]^+128°,  hexa-amylose  or  ^-dextrin 

forms  rhombic  crystals,  [a]^+ 136°.  On  acetyla- 
tion hydrolysis  of  the  dextrins  takes  place, 
and  from  the  acetyl  derivatives  formed  diamylose 
and  triamylose  were  obtained.  These  crystal- 
lise in  needles,  and  do  not  reduce  Fehling’s 
solution.  Rice  starch  gives  similar  definite 
polyamyloses  on  degradation  (Pringsheim,  Ber. 
1914,  47,  2565). 

Polysaccharides. 

Glycogen  (OgHioOsj^^,  the  reserve  carbo- 
hydrate of  the  animal  organism  in  which  it 
appears  to  take  the  place  of  starch,  is  a regular 
constituent  of  all  developing  cells.  It  is  present 
in  the  liver  up  to  10  p.c.  and  in  muscle. 

Preparation. — Liver  is  finely  minced  and 
thrown  into  boiling  water  acidified  with  acetic 
acid.  The  coagulated  proteins  are  filtered  off, 
and  the  remaining  proteins  precipitated  from  the 
filtrate  with  trichloracetic  acid  or  potassium 
mercuric  iodide  (Brucke’s  reagent).  Glycogen 
is  precipitated  from  the  filtrate  with  alcohol. 

Fresh  finely  minced  liver  is  extracted  for 
2 hours  with  boiling  60  p.c.  potassium  hydroxide. 
An  equal  volume  of  95  p.c.  alcohol  is  added  to 
the  clear  filtrate,  containing  15  p.c.  KOH,  and 
the  precipitated  glycogen  washed  with  a mixture 
of  15  p.c.  KOH  and  2 vols.  of  95  p.c.  alcohol. 

It  is  purified  in  either  case  by  solution  and 
reprecipitation  with  alcohol,  and  obtained  as 
an  amorphous  snow-white  powder  [a]^+191°, 

soluble  in  cold  water,  giving  an  opalescent 
solution.  It  is  not  fermentable,  does  not  reduce 
Fehling’s  solution,  and  is  not  acted  on  by  alkali, 
even  by  concentrated  solutions  at  the  boiling- 
point.  With  iodine  it  gives  a brown-red 


colouration.  Acids  hydrolyse  it  ultimately  to 
dextrose,  but  dextrins  and  maltose  are  formed 
as  intermediate  products.  Diastase  derived 
from  either  plants  or  animals  also  converts  it 
into  dextrins  and  maltose  {see  Tebb,  Joum.  of 
Physiol.  1898,  22,  423). 

Glycogen  may  be  obtained  from  yeast  free 
from  nitrogen,  yeast-gum,  and  ash  (Harden  and 
Young,  Chem.  Soc.  Trans.  1912,  101,  1928).  The 
crude  preparation  from  yeast  is  freed  from  nitro- 
gen and  ash  by  repeated  solution  in  water  and 
reprecipitating  with  alcohol ; the  yeast-gum  is 
removed  by  dissolving  the  crude  glycogen  in 
water  and  saturating  with  ammonium  sulphate 
several  times.  The  last  traces  of  ash  are  removed 
by  several  reprecipitations  from  water  by 
alcohol. 

To  estimate  glycogen,  the  tissue  is  minced 
and  boiled  2-3  hours  with  30  p.c.  potassium 
hydroxide.  The  solution  is  diluted,  filtered,  and 
precipitated  with  alcohol.  The  glycogen  is 
again  dissolved  in  dilute  alkali  and  precipitated 
with  alcohol.  Finally  it  is  dissolved  in  water 
and  estimated  by  hydrolysis  with  acids  into 
dextrose  (1  part  = 0’927  part  glycogen)  or 
with  the  polarimeter. 

A 5 p.c.  solution  of  sterilised  glycogen 
treated  with  a potato  culture  of  Bacillus 
macerans  at  37°  0.  gave  two  crystalline  cyclic 
polysaccharides  {dextrin-^-  or  ^-hexa-amylose 
(25  p.c.)  and  dextrin-a-  or  tetra-am.ylose  (75  p.c,)). 
See  Pringsheim  and  Lichtenstein,  Ber.  1916,  49, 
364, 

Inulin,  Inulin  is  widely  distributed  as  a 
reserve  material  in  plants  having  tubers  or 
tuberous  or  fleshy  roots,  particularly  in  the 
autumn  in  dahlia  tubers,  Jerusalem  artichoke, 
chicory,  garlic,  onions,  and  other  plants  and 
bulbs. 

To  prepare  it,  a mash  is  made  of  the  ripe 
tubers,  a little  calcium  carbonate  is  added,  and 
the  mixture  extracted  with  boiling  water.  The 
filtrate  is  frbzen  and  the  sediment  which  separates 
dissolved  in  hot  water  and  again  frozen.  Tanret 
advises  precipitation  with  barium  hydroxide,  de- 
composition of  this  precipitate  with  carbon 
dioxide  and  subsequent  precipitation  with  95  p.c. 
alcohol. 

Inulin,  precipitated  by  alcohol,  is  a compact 
colourless  powder,  resembling  starch.  The 
molecular  composition  is  uncertain,  as  the 
ordinary  methods  do  not  yield  trustworthy 
results.  Kiliani  gives  (CgHi  005)0, HgO  ; 

Brown  and  Morris,  (C6Hio05)i2,2H20  ; Diill, 
(C6Hio05)i8,H20  ; Tanret,  (,06Hio05)3o,5H20. 
It  melts  at  178°,  having  [alj^— 38°  to  —40°,  sp.gr. 
about  1 ‘5.  In  cold  water  it  is  sparingly  soluble, 
but  very  soluble  in  hot  water,  and  readily  forms 
supersaturated  solutions.  It  is  precipitated  by 
alcohol,  when  the  percentage  of  alcohol  in  the 
liquid  reaches  65. 

The  barium  salt  C3gH8203i'3BaO  (Tanret, 
Compt.  rend.  116,  415)  is  insoluble. 

Inulin  is  hydrolysed  by  boiling  the  aqueous 
solution  under  pressure,  by  dilute  acids,  and 
also  by  the  enzyme  inulase,  discovered  by 
Reynolds  Green,  which  is  usually  present  in  the 
same  plant  when  in  the  germinating  condition, 
but  inert  in  the  resting  stage.  In  every  case, 
Isevulose  is  the  sole  product  of  hydrolysis. 
Yeasts  are  without  action. 

A number  of  products  are  described  as 
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laevulins  and  Isevulans,  which  probably  re- 
present polymerides  of  Isevulose  of  lower  mole- 
cular weight  than  inulin. 

Manna  is  the  dried  saccharine  exudation 
from  the  stem  of  the  flowering  ash.  Fraxinus 
ornus  and  F.  rotundifolia,  small  trees  cultivated 
for  the  purpose  in  Sicily.  A vertical  series  of 
oblique  incisions  is  made  in  the  bark  when  -the 
trees  are  about  10  years  old,  the  juice  slowly 
exudes  and  either  dries  on  the  stem  (flake  manna) 
or  in  wet  seasons  drops  from  the  trunk,  where  it 
is  caught  upon  tiles  or  cactus  leaves,  yielding  an 
inferior  variety.  Flake  manna  is  obtained  in 
commerce  in  brittle  stalactitic  pieces,  about 
4-6  inches  long  and  1 inch  wide.  It  is  yellowish- 
white  in  colour,  has  a shght  agreeable  odour  and 
a sweet  taste.  It  is  used  as  a gentle  laxative  for 
infants  and  children. 

It  consists  principally  of  mannitol  (70-80 
p.c.)  : other  constituents  are  mannotetrose  (12- 
16  iD.c.),  mannotriose  (6-16  p.c.)  which  is  formed 
from  mannotetrose,  and  small  quantities  of 
hexoses. 

The  term  is  not  restricted  to  the  ash,  and  a 
number  of  saccharine  exudations  of  varying 
origin  and  composition  are  classed  as  ‘ mannas.’ 
Amongst  these  are  the  Persian  and  Turkestan 
manna,  derived  from  Alhagi  maurorum  or  came- 
lorum ; the  tamarisk  manna,  also  of  Persian 
origin,  from  the  Tamarix  gallica  ; oak  manna, 
procured  from  Quercus  valonia  and  Quercus 
'persicus  in  Kurdistan ; Australian  manna. 
Eucalyptus  viminalis  ; Briangon  manna,  from 
the  larch,  Larix  europcea  in  Southern  France  ; 
Astragalus  manna,  from  various  species  of 
astragalus  in  Persia. 

Authorities. — E.  von  Lippmann,  Die  Chemie 
der  Zuckerarten,  .3rd  ed.  1904 ; L.  Ma- 
quenne,  Les  Sucres  et  leurs  principaux  derives, 
Paris,  1900 ; E.  Frankland  Armstrong,  The 
Simple  Carbohydrates,  London,  1919 ; E. 
Fischer,  Untersuchungen  fiber  Kohlenhydrate, 
1884-1908,  Berlin,  1909.  E.  F.  A. 

CARBOLIC  ACID,  Phenol  CgHs-OH. 

Occurrence  and  Formation. — Carbolic  acid 
occurs  in  small  quantities  in  castoreum  (Wohler, 
Annalen,  67,  360),  in  urine  (Stadeler,  Ibid.  77, 
18),  and  is  a constant  product  of  the  putrefaction 
of  albumen  (Baumann,  Ber.  10,  685).  It  is 
formed  when  organic  substances  are  strongly 
heated,  and  is  contained  in  the  tars  obtained  by 
the  dry  distillation  of  bones,  wood  (Duclos, 
Annalen,  109,  163),  shale  (brown  coal),  and  coal 
(Runge,  Pogg.  Ann.  31,  69  ; 32,  308  ; Laurent, 
Ann.  Chim,  Phys.  [3]  3,  195). 

The  tar  produced  in  gas  manufacture  was 
until  the  late  war  the  chief  source  of  carbolic 
acid.  Owing  to  the  demand  for  carbolic  acid 
as  a disinfectant  and  for  the  manufacture  of 
dyes  and  explosives,  it  has  become  usual,  in  tar 
distillation,  to  collect  a special  fraction,  the 
‘ carbolic  oil  ’ containing  as  much  carbolic  acid 
as  possible  before  collecting  the  ‘ creosote  oil,’ 
which  contains  the  other  phenolic  constituents 
of  coal  tar.  The  ‘ carbolic  oil  ’ begins  to  come 
over  when  the  specific  gravity  of  the  distillate 
attains  that  of  water.  According  to  Watson 
Smith  (Chem.  Soc.,  Trans.  1886,  21),  ordinary 
Lancashire  coal  tar  yields  about  5 p.c.  by 
volume  of  crude  phenols,  containing  65  p.c.  by 
volume  of  carbolic  acid  crystallisable  at  ordinary 
temperatures. 


Coke  ovens  are  now  constructed  so  that  the 
tar  produced  during  the  coking  of  coal  can  be 
collected  ; the  following  data,  having  reference 
to  the  percentage  of  carbolic  acid  in  such  tars, 
are  given  by  Lunge  (Coal  Tar  and  Ammonia,  ed. 
1909),  which  has  been  largely  drawn  upon  in  the 
compilation  and  revision  of  this  article  : he  says, 
‘ The  tar  from  Hiissener’s  modification  of  the 
Carves  oven  gave  1-37  p.c.  of  pure  carbolic  acid  ; 
the  tar  from  the  Simon -Carves  oven  gave  0’05 
p.c.  of  crude  carbolic  acid ; and  similar  ovens 
working  with  another  kind  of  coal  and  at  higher 
temperature  gave  0*305  p.c.  of  crude  acid. 
The  tar  collected  from  blast  furnaces,  working 
with  coal  (raw)  and  also  that  obtained  from 
Mond  and  Duff  producers,  contains  a high 
percentage  of  phenohe  constituents,  but  the 
quantity  of  carbolic  acid  present  is  very  small.’ 

Carbolic  acid  can  be  obtained  by  fusing 
potassium  benzenesuljDhonate  with  caustic  pot- 
ash ; the  yield  is  proportional  to  the  tempera- 
ture and  quantity  of  alkali  employed,  and  is  at 
best  (96*23  p.c.  of  that  theoretically  possible), 
when  1 mol.  prop,  of  the  former  is  fused  with 
6 mol.  props,  of  the  latter  at  252°.  Caustic 
soda  cannot  be  employed  instead  of  potash, 
since  only  a poor  yield  is  obtained  by  its  use 
(Degener,  7 pr.  Chem.  [2]  17,  394. 

Carbolic  acid  can  also  be  obtained  by  heating 
the  diazo-  compounds  of  benzene  with  water. 

Preparation. — Carbolic  acid  is  almost  ex- 
clusively obtained  from  coal  tar,  and  is  worked 
up  either  from  the  special  fraction  known  as 
‘ carbolic  oil  ’ or  from  the  oils  intermediate  in 
specific  gravity  (sp.gr.  = 1*000-1  *020)  between 
the  light  and  heavy  oils,  that  is,  distilling  between 
170°  and  230°.  The  acid  is  present  also  in  the 
creosote  oils,  distilling  between  240°  and  270°. 

The  preparation  of  carboHc  acid  from  coal  tar 
is  effected  by  washing  the  oils  obtained  on  dis- 
tilling the  tar  with  a solution  of  caustic  soda, 
sp.gr.  1*075-1*100,  when  the  tar  acids  are  dis- 
solved as  sodium  compounds  and  form  a heavy 
solution  upon  which  the  now  neutral  oils  float. 
It  is  not  advisable  to  use  a stronger  solution  of 
caustic  soda,  as  in  that  case  a considerable 
quantity  of  naphthalene  would  also  be  dissolved. 
If  it  is  desired  to  extract  carbolic  acid  only, 
without  any  of  the  higher  homologues,  the  oils 
are  often  washed  fractionally.  For  example,  a 
quantity  of  caustic  soda  solution  more  than 
enough  to  extract  all  the  carbolic  acid  but  in- 
sufficient to  take  up  all  the  cresylic  acid,  is 
employed,  and  the  phenate  of  soda  solution 
drawn  off  is  used  to  wash  another  portion  of  oil 
when  the  cresylate  of  soda  is  decomposed  and 
the  cresylic  acid  is  replaced  by  carbolic  acid,  and 
a solution  consisting  almost  entirely  of  carbolate 
of  soda  is  obtained. 

Another  method,  suggested  by  Davis,  is  to 
employ,  for  the  first  wash,  only  one-third  of  the 
quantity  of  caustic  soda  required  to  extract  all 
the  tar  acids  when  carbolic  acid  only  is  extracted. 
In  many  works,  however,  the  whole  of  the  tar 
acids  contained  in  the  light  oil,  carbolic  oil,  and 
creosote  oil  fractions  are  extracted,  and  after 
separating  the  tar  acids  in  one  of  the  ways  about 
to  be  described,  the  mixture  of  carbolic  and 
cresylic  acids  obtained  is  separated  by  fractional 
distillation.  The  phenate  or  carbolate  of  soda, 
drawn  off  from  the  oil  is,  in  many  cases,  first 
purified  by  blowing  steam  through  it.  This 
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carries  away  naphthalene,  neutral  oils,  and 
pyridine  bases,  and  the  blowing  with  steam  is 
continued  until  the  water  condensing  from  the 
escaping  steam  ceases  to  have  a milky  appear- 
ance. The  purified  phenate  of  soda  is  then 
treated  with  an  acid  to  decompose  it  and  set 
free  the  tar  acids  which  float  on  the  surface  and 
are  either  skimmed  off  or  are  separated  in  an 
apparatus  similar  to  a Florentine  receiver. 

Formerly  the  decomposition  was  almost 
always  effected  by  sulphuric  or  hydrochloric 
acid,  in  which  case  the  soda  was  lost  as  sulphate 
or  chloride,  which  it  did  not  pay  to  recover. 
The  more  common  practice  to-day,  however,  is 
to  use  carbon  dioxide  to  effect  the  decomposi- 
tion. If  this  is  used  under  pressure,  complete 
decomposition  is  said  to  be  effected,  but  more 
generally  the  process  is  completed  by  the  addition 
of  a small  quantity  of  sulphuric  acid  ; this  is  the 
more  necessary,  as  both  carbolic  acid  and 
carbolate  of  soda  are  mutually  soluble  in  each 
other. 

The  separated  solution  of  sodium  carbonate, 
which  contains  about  1 p.c.  of  carbolic  acid,  is 
recausticised  with  lime  and  is  used  over  again 
to  wash  another  quantity  of  oil.  A twofold 
saving  is  thus  effected,  in  that  the  loss  of  the 
soda  is  avoided  and  also  the  carbolic  acid  which 
remained  dissolved  in  the.  sodium  sulphate  or 
chloride  solution,  and  was  run  to  waste,  is  now 
recovered,  inasmuch  as  it  goes  forward  with  the 
regenerated  caustic  soda  and  is  regained  in  the 
next  washing  operation.  The  crude  carbolie 
thus  obtained  contains,  besides  phenol  (carbolic 
acid),  about  14  to  15  p.c.  of  water  and  variable 
quantities  of  cresylic  acid.  It  occurs  in  com- 
merce in  three  qualities,  known  as  75’s,  60’s,  and 
50’s  crude  carbolic  acid,  and  its  value  is  deter- 
mined by  ‘ Lowe’s  ’ test.  This  is  performed  as 
follows : 100  c.c.  of  the  crude  tar  acid  is  slowly 
distilled  in  an  8-oz.  glass  retort,  and  the  receiver 
is  changed  when  10  c.c.  of  oil  have  come  over; 
these  10  c.c.  are  accompanied  by  a varying 
amount  of  water,  and  by  reading  the  quantity 
of  water  obtained,  the  percentage  of  water  is 
ascertained.  The  distillation  is  continued  until 
62 J c.c.  have  collected  in  the  graduated  tube 
which  is  used  as  a receiver  ; the  distillation  is 
then  stopped.  The  62^  c.c.  are  then  cooled,  and 
a minute  crystal  of  pure  phenol  is  dropped  into 
the  tube,  and  the  cooling  continued  until  the 
contents  , begin  to  crystallise.  The  temperature 
is  noted  when  the  crystallisation  appears  to 
spread  through  the  tube,  and  this  is  the  measure 
of  the  quality  of  the  carbolic  acid. 

The  preparation  of  pure  carbolic  acid  from 
the  crude  article  is  always  commenced  by  a 
distillation  in  wrought -iron  stills,  formerly 
without  a column,  but  at  the  present  day 
fractionating  columns  are  almost  universally 
employed.  The  water  comes  over  first  and  then 
the  carbolic  acid,  which  is  collected  apart,  so 
long  as  it  crystallises  on  cooling.  Some  un- 
crystallisable  acid  comes  over  next,  and  the  dis- 
tillation is  then  stopped  and  the  residue  is 
mostly  pitch. 

In  some  cases,  a little  strong  sulphuric  acid 
and  potassium  dichromate  is  added  to  the  con- 
tents of  the  still.  The  eondensing  worm  must 
be  made  of  zinc,  silver,  or  stoneware.  The 
distillate  is  allowed  to  eool  and  crystallise,  and 
the  crystals  are  drained  from  the  liquid  portion, 


either  on  a drainer  or  in  a centrifugal  machine. 
The  liquid  portion  is  either  sold  as  liquid  carbolic 
acid  or  is  worked  up  again  with  the  next  batch. 
The  drained  crystals  are  treated  with  a small 
quantity  of  concentrated  sulphuric  acid  and 
potassium  dichromate  and  redistilled,  when 
‘ pure  ’ crystallised  carbolic  acid  of  commerce  is 
obtained.  In  some  cases  the  separation  of  the 
last  traces  of  cresylic  acid  is  effected  by  adding 
a small  quantity  of  water,  and  the  mixture  is 
cooled,  when  a hydrate  of  carbolic  acid  crystal- 
lises out ; this  is  separated  from  the  liquid 
portion,  which  contains  the  eresylic  acid  and 
the  crystals  are  redistilled.  Water  comes  over 
first,  and  then  the  boiling-point  rises  and  pure 
carbolic  acid  distils  over.  For  medicinal 
purjDoses,  a final  distillation  in  glass  retorts  is 
performed. 

Properties. — Pure  carbolic  acid  crystallises 
in  long,  colourless  needles  ; has  a characteristic 
odour  ; melts  at  42-5°  or  43°  and  boils  at  178-5° 
(Choay,  Compt.  rend.  118,  1211);  Lunge  (Coal 
Tar  and  Ammonia,  1909  ed.  210),  gives  m.p. 
42-2°  and  b.p.  184°  under  760  mm.  pressure. 
Ordinary  pure  carbolic  acid  of  commerce, 
which  contains  traces  of  cresols,  melts  at  a some- 
what lower  temperature  and  boils  at  182°  to 
184°.  The  specific  gravity  of  carbolic  acid  at 
18°  is  1’065  (Laurent);  its  expansion  for  tem- 
perature t°  at  760  mm.  pressure  is  stated  by 
H.  Kopp  as  follows  : — 

Vf=l-|-0-0006744^-f0-000001721i2 

-0-00000000050408^3 

The  presence  of  small  quantities  of  im- 
purities such  as  water,  naphthalene,  or  pyridine, 
materially  lowers  the  melting-point.  The  red 
colour  of  ordinary  commercial  acid  seems  to  be 
induced  by  the  presence  of  minute  traces  of 
metals,  particularly  lead  (Meyke,  Ber.  16,  2513  ; 
cf.  however,  Ebell,  ibid.  17,  Referate  69  ; 
Hager,  ibid.  18,  Referate  114  ; Yvon,  Pharm. 
J.  Trans.  1881,  1051  ; Richardson,  J.  Soc.  Chem. 
Ind.  12,  415  ; Bach,  Mon.  Sci.  (A),  8,  508  ; 
Kraemer  and  Spilker,  Ber.  1890,  648).  Carbolic 
acid  is  a deliquescent  substance,  and  in  damp 
air  forms  a hydrate  CgH5-OH,H20,  which 
melts  at  17-2°  (Allen,  Analyst,  3,  319).  At  the 
same  time,  however,  it  is  not  very  readily 
soluble  in  water,  100  parts  of  water  dissolving 
4-83  parts  at  11°  ; 5-36  parts  at  35°  ; 6-19  parts 
at  45°  ; 7-33  parts  at  58°  ; 11-83  parts  at  77°  ; 
and  at  84°  both  liquids  mix  in  all  proportions  ; 
whilst  conversely,  100  parts  of  phenol  dissolve 
23-3  parts  of  water  at  9°  ; 26-75  parts  at  32°  ; 
31-99  parts  at  53°;  and  40-72  parts  at  71° 
(Alexejeff,  Ber.  10,  410).  According  to  Ham- 
berg  (ibid.  4,  751),  however,  it  dissolves  in  15 
parts  of  water  at  16°-17°.  It  is  soluble  in  all 
proportions  in  alcohol,  ether,  benzene,  glacial 
acetic  acid,  glycerol,  olive  oil,  chloroform,  carbon 
disulphide,  &c.  The  aqueous  solution  becomes 
coloured  violet  by  ferric  chloride  and  is  without 
action  on  litmus.  According  to  Kramers,  a 
mixture  of  benzene,  toluene,  xylene,  naphtha- 
lene, anthracene,  and  phenanthrene,  is  obtained 
when  the  vapour  of  carbolic  acid  is  passed 
through  a red-hot  tube  (Annalen,  189,  129). 
Two  isomeric  mononitrophenols  are  obtained  by 
the  action  of  dilute  nitric  acid  (sp.gr.  1’34) 
(Fritzschcj  ibid.  110,  150)  ; and  at  a lower  tem- 
perature, the  para-  and  at  higher  temperatures 
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the  ortho-  derivative  appear  to  be  chiefly  formed 
(Goldstein,  Ber.  11,  1943).  By  the  further 
action  of  nitric  acid,  dinitrophenol  (Kolbe,  4, 
147,  67),  and  trinitrophenol  (picric  acid)  (Schmitt 
and  Glutz,  ibid,  2,  52),  result. 

Chlorine  (Laurent,  Annalen,  23,  60,  43,  209  ; 
Faust  and  Muller,  ibid.  173,  303  ; Benedikt, 
Monatsh.  4,  233  ; Benedikt  and  Schmidt,  ibid. 
4,  606)  and  bromine  (Korner,  Annalen,  137, 
200,  205,  208,  209,  210  ; Hiibner  and  Brenken, 
Ber.  6,  171)  convert  carbolic  acid  at  the 
ordinary  temperatures  into  mono-,  di-,  and  tri- 
substitution derivatives,  and  at  higher  tempera- 
tures or  in  the  presence  of  halogen  carriers,  such 
as  antimony  pentachloride,  &c.,  into  tetra-  and 
penta-  derivatives.  The  nitro-,  chloro-,  and 
bromo-  derivatives  of  carbolic  acid  are  fairly 
strong  acids,  and  the  acid  character  increases 
with  the  number  of  nitro-  groups  or  chlorine  or 
bromine  atoms  introduced  into  the  molecule. 
Iodine  yields  mono-  and  di-  derivatives  in  the 
presence  of  mercury  (Hlasiwetz  and  Weselsky, 
Ber.  2,  524)  or  iodic  acid  (Korner,  Annalen,  137, 
213).  Sulphuric  acid  converts  carbolic  acid 
into  two  isomeric  monosulphonic  acids  (Kekule, 
Zeitsch.  f.  Chem.  [2]  3,  107),  of  which  the  oriho- 
acid  is  the  chief  product  at  the  ordinary  and  the 
para-  acid  at  higher  temperatures.  When  heated 
with  ammonium  zinc  chloride  at  280°-300°, 
carbolic  acid  yields  aniline,  together  with  di- 
phenylamine  and  phenyl  ether  (Merz  and  Weith, 
Ber.  13,  1299).  When  fused  with  caustic  potash, 
salicylic  acid,  metahydroxy-benzoic  acid  and 
two  isomeric  diphenols  are  formed  (Barth  and 
Schreder,  ibid.  11,  1332),  whilst  fusion  with 
caustic  soda  results  in  the  formation  of  pyro- 
catechol  (catechin),  resorcinol  (resorcin),  and 
phloroglucol  (phloroglucin)  {ibid.  12,  417).  The 
behaviour  of  sodium  and  potassium  phenates 
(carbolates),  when  heated  in  a current  of  carbon 
dioxide,  has  been  studied  by  Kolbe  ( J.  pr.  Chem. 
[2]  10,  89  ; c/.  also  Schmitt,  J.  pr,  Chem.  [2]  31, 
410  ; D.  R.  P.  29939,  June  24,  1884)  ; with 
sodium  phenate,  the  reaction  commences  below 
100°,  is  most  rapid  and  complete  about  180°, 
and  continues  up  to  the  temperature  of  the  de- 
composition of  sodium  salicylate  with  the  forma- 
tion of  that  compound  as  sole  product,  but  with 
potassium  phenate,  salicylate  is  formed  only  at 
temperatures  below  150°,  whilst  at  higher 
temperatures  the  isomeric  potassium  para- 
hydroxy-benzoate  constitutes  almost  the  entire 
product ; in  these  reactions,  one  half  of  the 
phenol  is  recovered.  When  carbolic  acid  is 
heated  with  phthalic  anhydride  and  a de- 
hydrating agent,  such  as  zinc  chloride  or  sul- 
phuric acid,  it  yields  phenolphthalein  (Baeyer, 
Ber.  9,  1230  ; Annalen,  202,  68). 

If  the  acid  is  heated  with  oxelic  acid  and 
sulphuric  acid,  it  is  converted  into  coralline 
(Zulkowsky,  Annalen,  194,  119,  202,  184), 
from  which  pure  aurine  can  be  extracted  by 
suitable  methods  (Dale  and  Schorlemmer,  ibid. 
196,  77),  whilst  benzaurine  results  from  heating 
carbolic  acid  with  benzotrichloride  (Doebner- 
Ber.  12,  1462). 

Reactions. — (1)  In  aqueous  solution,  carbolic 
acid  gives  a violet  colour  with  ferric  chloride  ; 
this,  however,  is  neither  developed  in  very 
dilute  solutions  (Sarauw,  Ber.  15,  46)  nor  in  the 
presence  of  alcohol  (Hesse,  Annalen,  182,  161)  ; 
limit  of  sensitiveness,  1 in  2000  (Polacci,  Ber. 


7,  360).  (2)  The  aqueous  solution,  on  treatment 

with  J vol.  of  ammonia  and  then  with  a few 
drops  of  an  aqueous  solution  of  bleaching  powder 
(1  part  in  20  parts  of  water),  gives  either  at  once 
or  on  standing  a blue  colouration ; limit  of 
sensitiveness,  1 in  4000  (Salkowski,  Zeitsch. 
anal.  Chem.  11,  316).  (3)  Bromine  water, 

added  to  an  aqueous  solution  of  carbolic  acid, 
gives  either  at  once  or  on  standing  a yellowish- 
white  flocculent  precipitate  of  tribromophenol 
bromide  (Landolt,  Ber.  4,  770)  ; limit  of  sensi- 
tiveness, 1 in  43,700  (ibid.),  1 in  80,000  (Lunge). 
(4)  A solution  of  carbohc  acid  assumes  a deep- 
red  colour  when  boiled  with  one-third  to  one-half 
its  bulk  of  Millon’s  reagent  (a  10-15  p.c.  solution 
of  mercurous  nitrate  containing  nitrous  acid)  ; 
limit  of  sensitiveness,  reaction  distinct  with  1 in 
60,000,  and  still  appreciable  with  1 in  200,000. 
Salicylic  acid  gives  a similar  reaction  (Plugge, 
Zeitsch.  anal.  Chem.  11,  173  ; Almen,  J.  1878, 
1079). 

Quantitative  Estimation. — Carbolic  acid  occurs 
in  commerce  in  different  qualities  ; as  crude  acid, 
as  liquid  acid,  and  as  crystallised  acid  of  vary- 
ing degrees  of  purity.  The  percentage  of  phenols 
in  crude  carbolic  acid  can  be  approximately 
determined  by  shaking  it  with  twice  its  volume 
of  10  p.c.  soda  ley  added  gradually  ; the  separa- 
tion of  the  oily  and  aqueous  layers  becomes  more 
accurate  if  a known  quantity  of  petroleum  spirit 
equal  in  volume  to  that  of  the  layer  of  indiffer- 
ent and  resinous  substances,  is  added,  and  the 
amount  added  afterwards  deducted.  The 
phenols  are  estimated  in  a portion  of  the  aqueous 
layer  by  treatment  with  hydrochloric  acid  and 
subsequent  addition  of  salt  to  ensure  a complete 
separation.  Such  a correction  is,  however, 
hardly  called  for,  since  the  phenols  will  dissolve 
about  as  much  water  as  the  water  will  dissolve 
phenols  (Beckurts,  Arch.  Pharm.  [3]  24,  572). 
Beckurts  (ibid.  [3]  24,  580)  also  states  that 
Koppeschaar’s  method  {v.  infra)  gives  satis- 
, factory  results  for  testing  liquid  carbolic  acid 
when  the  specimen  is  free  from  cresols.  Cas- 
thelaz  (Bull.  Soc.  Chim.  42,  574)  tests  measured 
samples  of  crude  or  liquid  carbolic  acid  in  tubes 
with  water,  with  sulphuric  acid  (1  to  1),  and  with 
soda  solution  (1  part  soda  ley  (sp.  gr.  1'38)  to 
9 parts  of  water),  and  Anally  fractionates  a 
fourth  sample. 

The  exact  quantitative  estimation  of  carbolic 
acid  in  the  pure  product  is  always  made  by  pre- 
cipitating it  with  bromine.  The  composition  of 
the  precipitate  was  believed  to  be  tribromophenol 
(Landolt)  until  it  was  ascertained  by  Benedikt 
that  under  certain  conditions  it  was  partially 
composed  of  tribromphenol  bromide  (cf. 
Weinreb  and  Bondi,  Monatsh.  6,  506).  Kop- 
peschaar’s method  (Zeitsch.  anal.  Chem.  15, 
233),  the  one  usually  employed,  requires  the 
following  solutions ; (a)  solution  of  sodium 

thiosulphate  equivalent  to  a solution  of  iodine 
containing  5 p.c.  of  iodine  ; (b)  solution  of 

starch  ; (c)  bromine  water  (titrated  with  pure 
carbolic  acid),  or  preferably  a solution  of  bromine 
in  caustic  soda  prepared  by  adding  an  excess  of 
bromine  to  the  soda  and  subsequently  removing 
the  excess  either  by  boiling  (Allen,  J.  Soc.  Chem. 
Ind.  1884,  64)  or  by  evaporating  the  solution  to 
dryness  and  again  dissolving  in  water  ; (d)  solu- 
tion of  potassium  iodide  containing  125  grams  in 
the  litre.  The  process  consists  in  treating  25  c.c. 
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of  the  aqueous  solution  of  carbolic  acid  (4  grams 
in  the  litre)  with  100  c.c.  either  of  the  solution  of 
bromate  and  bromide  with  5 c.c.  of  concentrated 
hydrochloric  acid  to  hberate  the  bromine,  or  of 
bromine  water  in  a stoppered  bottle,  which  is  then 
well  shaken,  allowed  to  remain  for  15  minutes, 
treated  with  10  c.c.  of  potassium  iodide  solution, 
again  shaken,  and  titrated  with  thio -sulphate. 
The  reactions  involved  are  the  following  : — 
i 1.  CeHjj-OH  + SBra-CeHaBrgOH+SHBr 

II.  CeHg-OH+IBrg^CeHaBrg-OBr+IHBr 
III.  C6H2Br3-OBr+2Kl=C6H2Br3*OK+KBr+l2 
(Weinreb  and  Bondi,  l.c.)  ; so  that,  as  Beckurts 
points  out  (lx.  infra),  the  assumption  made  by 
Koppeschaar  in  the  preceding  method,  that 
6 atom,  props,  of  bromine  enter  into  combina- 
tion with  1 mol.  prop,  of  phenol,  is  in  practice 
correct.  Beckurts  (Arch.  Pharm.  [3]  24,  562) 
gives  the  following  as  the  best  mode  of  esti- 
mating carbolic  acid  : The  solutions  employed 
are  {a)  1120  normal  potassium  bromide  (5*939 
grams  in  the  litre) ; (b)  centinormal  potassium 
bromate  (1  *666  grams  in  the  litre) ; (c)  potassium 
iodide  solution  eontaining  125  grams  in  the 
litre  ; {d)  decinormal  sodium  thiosulphate  (24*8 
grams  of  Na2S203,5Il20  in  the  litre).  For  the 
titration,  25  to  30  c.c.  of  the  phenol  solution  (1 
in  1000)  are  treated  with  50  c.c.  each  of  the 
potassium  bromate  and  bromide  solutions, 
shaken  with  5 c.c.  of  concentrated  sulphuric 
acid,  allowed  to  remain  15  minutes,  treated  with 
10  c.c.  of  the  potassium  iodide  solution,  and 
finally  titrated  with  thiosulphate  to  estimate  the 
amount  of  iodine  liberated.  The  calculation  is 
simple  : from  the  50  c.c.  each  of  bromate  and 
bromide  solution,  0*2397  gram  of  bromide  is 
liberated  by  the  sulphuric  acid,  and  this  is 
capable  of  converting  0*0469  gram  of  carbolic 
acid  into  tribromophenol ; 1 c.c.  of  the  deci- 
normal thiosulphate  is  equivalent  to  0*008  gram 
of  bromine,  a quantity  capable  of  converting 
0*00156  gram  carbolic  acid  into  tribromo- 
phenol ; multiplying  now  0*00156  by  the 
number  of  c.c.  of  thiosulphate  used,  and  sub- 
tracting the  product  from  0*0469,  gives  the 
weight  in  grams  of  phenol  in  the  quantity  of 
solution  originally  taken.  This  process  is 
accurate  whenever  solutions  of  pure  carbolic 
acid,  or  mixtures  from  which  the  pure  acid  can 
be  separated,  are  to  be  tested,  but  it  fails  in  all 
cases  {e.g.  crude  carbolic  acid)  when  other 
phenols,  particularly  cresols,  are  also  present. 
Methods  for  the  estimation  of  carbolic  acid  have 
also  been  proposed  by  Waller  (Chem.  News,  43, 
152),  Degener  (J.  pr.  Chem,  [2]  17,  390),  and 
Chandelon  (J.  Soc.  Chem.  Ind.  1882,  203)  ; but 
these  are  inaceurate  (Beckurts).  Other  methods 
-have  been  proposed  by  Moerk  (Chem.  Zentr. 
1904,  ii.  1764)  ; Messinger  and  Vortmann  (Ber. 
1890,  2753)  ; Schryver  (J.  Soc.  Chem.  Ind.  1899, 
553)  ; Weiss  and  Downs  (J.  Ind.  Eng.  Chem. 
1917,  9,  569)  ; Fox  and  Barker  (J.  Soc.  Chem. 
Ind.  1917,  36,  842  ; idem.  1918,  265  T.)  ; and 
Petrie  {idem..  1919,  132  T.).  A biological  method 
for  the  determination  of  phenol  has  been  pro- 
posed by  Blyth  and  Goodban  (J,  Soc.  Chem. 
Ind.  1907,  632),  and  an  iodometric  method  by 
Skirrow  {ibid.  1908,  58)  ; and  W'ake  and  Jnglis 
have  investigated  the  iodine  values  of  the 
phenols  {ibid.  1908,  315).  A method  has  been 
devised  by  Allen  for  determining  phenols  in 
carbolic  soap  (Analyst,  1886,  103), 


Uses. — Carbolic  acid  has  powerful  antiseptic 
properties  and  is  used  on  the  large  scale  as  a dis- 
infectant. Large  quantities  of  carbolic  acid  are 
also  employed  in  the  manufacture  of  salicylic 
acid;  whilst  in  the  colour  industry,  a considerable 
demand  for  the  acid  exists,  inasmuch  as  it  is  the 
source  of  picric  acid  and  coralline,  and  it  is  used 
in  the  preparation  of  some  azo-  colours.  Phenol 
has,  of  late  years,  been  very  largely  used  for  the 
preparation  of  modern  high  explosives.  ‘ Lydd- 
j ite  ’ and  ‘ melinite,’  consisting  very  largely  of 
picric  acid  and  picrates,  although  trinitrotoluene 
appears  now  to  be  replacing  picric  acid.  Phenol 
forms  condensation  products  with  formaldehyde 
which  are  bodies  of  resinous  appearance  and 
properties,  and  which  are  proposed  as  substitutes 
for  natural  gums  and  shellac. 

Compounds  with  Metals. — Potassium  phenate 
C6H5*0K,  formed  by  dissolving  potassium  in 
carbolic  acid  (Hartmann,  J.  pr.  Chem.  [2]  16, 
36),  or  by  heating  carbolic  acid  with  caustic 
potash  (Baumann,  Ber.  10,  686),  crystallises  in 
slender  white  needles,  readily  soluble  in  water, 
alcohol,  and  ether.  Sodium  phenate  can  be 
prepared  by  similar  methods  and  may  be  used 
in  the  manufacture  of  salicylic  acid  and  as  a dis- 
infectant. Compounds  with  barium  (Laurent) 
and  lead  (Calvert,  Zeitsch.  Chem.  1865,  531) 
have  also  been  described.  W.  H.  C. 

CARBOLINEUM.  A preparation  of  crude 
carboHc  acid.  Used  as  an  antiseptic  and 
preservative. 

CARBON.  Sym.  C.  At.  wt.  12.  Carbon 
boils  at  3600^^  (Violle,  Compt.  rend.  1892,  115, 
1273  ; 1895,  120,  868).  Carbon  occurs  in 

nature  in  the  free  state,  and  very  abundantly 
in  combination,  notably  in  the  form  of  carbon- 
ates, and  as  an  essential  constituent  of  organic 
bodies.  In  the  free  state  it  is  a solid,  without 
taste  or  smell,  exhibiting  great  diversity  in  the 
physical  characteristics  of  its  three  allotropic 
forms — diamond,  graphite,  and  charcoal. 

The  diamond,  up  to  the  time  of  Bergman, 
was  supposed  to  be  a kind  of  rock-crystal,  al- 
though Newton  regarded  it  as  probably  an 
unctuous  substance  coagulated.  It  was  shown 
to  be  combustible  by  the  members  of  the 
Academy  del  Cimento  in  1694,  and  Lavoisier 
proved  that  the  sole  product  of  its  combustion 
was  carbon  dioxide.  He  had  previously  ascer- 
tained that  this  gas  was  a compound  of  oxygen 
and  an  element  to  which  he  gave  the  name  of 
Carbone,  contained  in  coal  and  wood.  Graphite, 
as  its  synonyms,  blacklead  and  plumbago  (from 
the  Italian  grafio  piombino — the  writing  lead), 
imply,  was  long  considered  to  be  a kind  of  lead, 
or  as  related  to  antimony  ; Scheele  regarded  it 
as  a compound  of  iron  and  carbon  ; Kastner 
proved  that  it  was  essentially  carbon.  Carbon 
combines  directly  with  hydrogen  at  1100°— 1200°, 
forming  hydrocarbons  (Bone  and  Jerdan,  Chem. 
Soc.  Proc.  1901,  162  ; Bone  and  Coward,  ibid. 
Trans.  1908,  1975  ; 1910,  1219  ; Proc.  1908, 

222 ; Pring  and  Hutton,  Trans.  1906,  1591  ; 
Pring,  ibid.  1910,  498).  At  high  temperatures, 
such  as  the  electric  furnace,  it  is  dissolved  by  the 
alkaline  earth  carbides  and  by  rhodium,  iridium, 
palladium,  and  platinum  (Kahn,  Compt.  rend. 
1906,  143,  49  ; 1907,  144,  197  ; Moissan,  ibid. 
122,  1479).  At  the  temperature  of  the  electric 
arc,  carbon  reduces  alumina  (Moissan,  ibid. 
1894,  119,  935). 
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Fig.  1. 


Manufacture  of  Wood  Charcoal. — The  earliest  i 
plan  of  coaling  tvood,  as  the  manufacture  of  | 
charcoal  was  termed  and  is  still 
called,  is  carried  on  as  follows  : 

A piece  of  ground  is  levelled  at 
some  convenient  spot  in  the  forest, 
which  is  termed  the  ‘ hearth  ’ or 
‘ earth,’  In  the  centre  of  this  a 
thick  pole  or  bundle  of  brush- 
wood is  placed,  around  which  the  ^ 
wood  is  arranged,  some  of  the 
pieces  being  laid  horizontally  and 
others  set  up  at  an  inclination, 
or  the  wood  may  be  placed 
altogether  at  any  steep  angle,  sloping  out- 
wards from  the  centre  to  form  a flattened 
cone,  which,  when  complete,  is  usually  called 
a heap  ; the  object,  whichever  way  the  wood 
is  placed,  is  to  obtain  a free  circulation  of 
air  under  the  heap  to  communicate  with  the 
chimney  in  the  centre,  which  is  formed  by 
then  withdrawing  the  centre  pole  or  bundle 
of  brushwood.  The  large  wood  should,  if  con- 
venient, be  at  the  bottom  of  the  heap,  and  the 
outside  packed  as  close  as  possible  ; the  heap 
is  then  covered  with  small  brushwood,  and 
afterwards  with  turf,  or  the  material  most  im- 
pervious to  air  which  can  be  conveniently  ob- 
tained. A fire  is  lighted  in  the  centre  chimney, 
and  by  leaving  openings  in  the  outside  covering 
at  the  bottom  of  the  heap,  the  fire  soon  extends, 
and  can  be  guided  to  any  part  by  making  tem- 
porary openings  to  admit  the  air.  When  the 
heap  is  sufficiently  fired,  all  the  openings  are 
closed,  and  lastly  the  chimney  itself.  The  fire 
will  always  extend  most  rapidly  on  the  side 
facing  or  towards  the  wind,  and  great  care  must 
be  taken  to  watch  and  check  this,  by  keeping 
the  covering  on  that  side  in  good  order.  The 
charcoal  burner  must  always  be  careful  to  spread 
the  fire  as  evenly  as  possible  through  the  heap, 
and  after  it  is  coaled  to  stop  it  down  carefully  ; 
he  can  always  accelerate  the  process  in  any  part 
of  the  heap,  if  well  built,  by  opening  the  outside 
to  admit  air  freely,  but  if  he  finds  this  does  not 
act,  from  any  fault  in  setting  the  wood,  he  had 
better  open  a hole  with  a bar  at  the  place  re- 
quired, and  light  a fire  in  the  hole  ; this  will 
soon  communicate  with  the  main  fire  in  the 
heap.  As  soon  as  the  smoke  and  white  flame 
cease  to  escape  at  the  vents,  the  whole  heap 
must  be  closed  from  the  air  as  carefully  as 
possible  until  the  charcoal  is  quite  cooled,  and 
is  ready  to  draw.  The  fire  must  never  burn  too 
fast ; the  slower  the  process,  if  the  fire  is  steady 
and  regular,  the  better  the  yield  of  charcoal. 
Hard  close-grained  woods  take  a longer  time  to 
coal  than  soft  open-grained  woods,  and  should 
be  placed  in  the  heap  accordingly.  These  tech- 
nical instructions,  handed  down  in  the  forests 
for  ages  as  secrets  from  father  to  son  amongst 
the  ‘ coalliers  ’ in  every  country  in  Europe,  are 
the  results  of  long  practical  experience,  and 
strictly  accord  with  the  true  principles  on  which 
the  process  is  based. 

To  carbonise  wood  under  a movable  cover- 
ing, the  plan  of  meiler,  or  heaps,  is  employed 
in  Germany.  The  wood  is  arranged  either  in 
horizontal  layers  ^or  in  nearly  vertical  ones 
with  a slight  slope,  so  as  to  form  conical  rounded  ' 
heaps  of  different  sizes.  The  former  are  called  i 
‘ lying  meiler  ’ (Fig.  1)  ; the  latter,  ‘ standing 


meiler  ’ (Figs.  2 and  3).  Both  are  distributed  in 
much  the  same  way. 


Fig.  3. 


In  districts  where  the  wood  can  be  trans- 
ported by  means  of  rivers  or  mountain  slides, 
a dry  flat  space  must  be  pitched  upon  (screened 
from  storms  and  floods),  which  may  be  walled 
round,  having  a slight  declivity  made  in  the 
ground  towards  the  centre  {v.  Fig.  4).  Into  this 
space  the  tarry  acid  will  partially  fall,"  and  may 
be  conducted  outwards  through  a covered  gutter 
beneath  into  a covered  tank.  The  mouth  of  the 
tank  must  be  shut  during  the  coking  with  an 
iron  or  stone  slab,  luted  with  clay.  A square 
iron  plate  is  placed  over  the  inner  orifice  of  the 
gutter  to  prevent  it  being  choked  with  coal  ashes. 

Fig.  4 represents  a walled  meiler  station  : 
a,  the  station  ; h,  the  gutter  ; c,  the  tank,  which 
is  covered  with  the  slab  d ; e,  a slab  which 
serves  to  keep  the  gutter  clear  of  coals.  The 
cover  of  the  heaps  is  formed  of  earth,  sand, 

<1 


ashes,  or  such  other  matter  as  may  be  most 
readily  found  in  the  woods.  They  should  be 
kindled  in  the  centre.  From  6 days  to  4 weeks 
may  be  required  for  charring  a heap,  according 
to  its  size,  hard  wood  requiring  more  time,  and 
the  slower  the  process  the  better  and  greater  is 
the  product,  generally  speaking. 

Charring  of  wood  in  mounds  (Jiaufe  or 
lie.gende  loerke)  (Figs.  5 and  6)  differs  from 
that  in  the  meiler,  because  the  wood  in  the 
haufe  is  successively  charred,  and  the  charcoal 
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Figs.  5 and  6. 

is  raked  out  little  by  little.  The  product  is 
said  to  be  greater  in  this  way,  and  also  better. 
Uncleft  billets,  6 or  8 feet  long,  being  laid  over 
each  other,  are  covered  with  ashes,  and  then 
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carbonised.  The  station  is  sometimes  horizontal 
and  sometimes  made  to  slope.  The  length  may 
be  24  feet,  the  breadth  8 feet,  and  the  wood  is 
laid  crosswise.  Piles  are  set  perpendicularly  to 
support  a roof  made  of  boughs  and  leaves 
covered  with  ashes.  Pipes  are  occasionally  laid 
within  the  upper  parts  of  the  mounds,  which 
serve  to  catch  and  carry  off  some  of  the  liquid. 

Fig.  7 is  a vertical  section,  and  Fig.  8 a half 
bird’s-eye  view  and  half  cross-section  at  the 


height  of  the  pit  bottom,  of  Chabeaussiere’s 
kiln  for  making  wood  charcoal,  a is  the  oven  ; 
h,  vertical  air-pipes  ; c,  c,  horizontal  flues  for  ad- 
mitting air  to  the  kilns  ; d,  d,  small  pits  which 
communicate  by  short  horizontal  pij)es,  e,  e,  with 
the  vertical  ones  ; /,  the  sole  of  the  kiln,  a circle 
of  brickwork  upon  which  the  cover  or  hood  Ji 
reposes  ; i,  a pipe  which  leads  to  the  cistern  k ; 


I,  the  pipe  destined  for  carrying  off  the  gaseous 
matter  ; m,  m,  holes  in  the  iron  cover  or  lid. 

The  distribution  of  the  wood  is  like  that  in 
the  horizontal  meiler  or  heaps  ; it  is  kindled  in 
the  central  vertical  canal  with  burning  fuel,  and 
the  hd  is  covered  with  a few  inches  of  earth. 
At  the  beginning  of  the  operation  all  the  draught 
flues  are  left  open,  but  they  are  progressively 
closed  as  occasion  requires.  In  8 kilns  of 
this  kind  500  decasters  of  oak  wood  are  car- 
bonised, from  which  15,000  hectolitres  of  char- 
coal are  obtained,  equal  to  64,000  lbs.  French, 
being  about  25  p.c.,  besides  tar  and  3000  velts 
of  wood  vinegar  of  from  2°  to  3°  Baume. 


At  Crouy-upon-the-Ourcq,  near  Meaux,  there 
is  a well-constructed  kiln  for  making  turf-char- 
coal. It  resembles  most  nearly  a tar  kiln.  In 
Fig.  9,  a is  the  cylindrical  coking  place  whose 
surrounding  walls  are  heated  by  the  flame  which 
passes  through  the  intermediate  space  6.  The 
place  itself  is  divided  by  partitions  of  fire  tiles 
into  three  stages,  through  the  apertures  in  which 
the  flames  of  the  fire,  c,  c,  rise,  and  heat  the 
exterior  of  the  coking  apartment.  In  order  to 
confine  the  heat,  there  is  in  the  enclosing  walls 
of  the  outer  kiln  a cylindrical  hollow  space,  d, 
where  the  air  is  kept  stagnant.  Through  the 
apertures  left  in  the  upper  end  at  e,  the  turf  is 
introduced ; they  are  then  shut  with  an  iron 
plate,  /,  which  is  covered  with  ashes  or  sand. 
The  fireplace  opens  above  this  aperture,  and  its 
outlet  is  provided  with  a movable  iron  cover,  g, 
in  which  there  is  a small  hole  for  the  issue  of 
the  gases.  The  sole  of  the  kiln  consists  of  a 
cast-iron  slab,  h,  which  may  be  raised  by  means 
of  a hook,  i,  upon  it.  This  is  drawn  back  after 
the  carbonisation  is  completed,  whereby  the 
charcoal  falls  from  the  coking  space  into  a 
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subjacent  vault.  The  volatile  products  are 
carried  off  by  the  pipe  k,  and  led  into  the  con- 
densing cistern,  the  gases  escaping  to  the  fire- 
place, where  they  are  burned.  The  iron  slab  is 
protected  from  the  corrosion  of  the  acid  vapours 
by  a layer  of  coal  ashes. 

Charcoal  obtained  by  the  action  of  a rapid 
fire  in  close  vessels  is  not  so  solid  and  so  good  a 
fuel  as  that  which  is  made  in  the  ancient  way 
by  the  slow  calcination  of  pyramidal  piles 
covered  with  earth.  According  to  Juon  (Stahl 
and  Eisen,  1904,  24,  1230),  this  is  due  merely  to 
the  difference  in  temperature  of  the  two  pro- 
cesses, the  higher  temperature  used  in  the  heap- 
made  carbon  increasing  the  carbon  content. 
One  of  the  most  economical  ovens  for  making 
wood  charcoal  is  that  invented  by  M.  Foucauld, 
which  he  calls  a shroud  or  abri.  To  construct 
one  of  these,  30  feet  in  diameter  at  the  base, 
10  feet  at  its  summit,  and  from  8 to  9 feet  high, 
he  forms,  with  wood  2 inches  square,  a frame 
12  feet  long,  3 feet  broad  at  one  end,  and  1 foot 
at  the  other  end. 

The  Figs.  10  and  11  will  explain  the 
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construction.  The  uprights,  A,  b,  and  c,  d,  of  this 
frame  are  furnished  with  three  pairs  of  wooden 
handles,  a,  a,  a,  by  means  of  which  they  can  be 
joined  together,  by  passing  through  two  con- 
tiguous handles  a wooden  fork,  the  frame  being 
previously  provided  with  props,  as  shown  in 
Fig.  11,  and  covered  with  loam  mixed  with 
grass.  A flat  cover  of  10  feet  diameter,  made 
of  planks  well  joined,  and  secured  by  four  cross- 
bars, is  mounted  with  two  trap  doors,  M,  n 
(Fig.  12),  for  giving  egress  to  the  smoke  at^the 


commencement  of  the  operation  ; a triangular 
hole,  p,  cut  out  in  the  cover,  receives  the  end  of 
the  conduit,  Q,  R,  s (Figs.  12  and  13),  of  wood 
formed  of  three  deals  destined  to  convey  the 
gases  and  condensed  liquids  into  the  casks  p,g,h. 


Q R 


Fig.  13. 


Lastly,  a door,  t,  which  may  be  opened  and  shut 
at  pleasure,  permits  the  operator  to  inspect  the 
state  of  the  fire.  The  charcoal  calcined  by  this 
abri  has  been  found  of  superior  quality. 

When  it  is  wished  to  change  the  place  where 
the  ahri  is  erected,  and  to  transport  it  to  a store 
of  new-felled  timber,  the  frame  is  taken  down, 
after  beating  off  the  clay  which  covers  it ; the 
joints  are  then  cut  by  a saw,  as  well  as  the  ends 
of  the  fork  which  fixed  the  frames  to  one 
another.  This  process  is  economical  in  use  and 
simple  and  cheap  in  construction,  since  all  the 
pieces  of  the  apparatus  are  easily  moved  about, 
and  may  be  readily  mounted  m the  forests.  For 
obtaining  a compact  charcoal  for  the  use  of 
artisans,  this  mixed  process  of  Foucauld  is  said 
to  be  preferable  to  either  the  close  iron  cylinder 
or  the  pile. 

The  fierce  process  for  the  production  of 
charcoal,  in  which  the  wood  is  heated  in  brick 
kilns  shaped  like  a bee-hive,  of  32  feet  diameter 
and  16  feet  high  in  the  centre,  by  means  of  the 
combustion  of  the  permanent  gases  produced 
during  a previous  process,  is  said  to  produce  a 
far  higher  percentage  of  charcoal  and  to  involve 
a smaller  loss  of  by-products  (Dudley,  J.  Anal, 
and  Appl.  Chem.  May,  1891  ; Armour,  Bowers, 
J.  Soc.  Chem.  Ind.  1892,  152). 

The  charcoal  made  at  Ontario  from  the 
local  wood  is  of  excellent  quality  for  blast- 
furnace use.  The  wood  is  here  heated  in  half- 
iron  cylinder  retorts,  set  horizontally  and  about 
9 feet  long  and  4 feet  high.  The  retorts  are 
charged  once  a day,  and  are  heated  underneath 
by  the  tar  produced  mixed  with  the  waste  from 
the  charcoal.  The  distillate  is  condensed  by 


straight  condensers,  one  of  which  is  attached  to 
each  retort  (Goodwin,  J.  Soc.  Chem.  Ind.  1902, 
743). 

In  other  processes  wood  is  carbonised  by 
superheated  steam  (Elfetrom,  Proc.  Inst.  Civil 
Eng.  1906,  164,  60  ; Zwilhger,  J.  Soc.  Chem.  Ind. 
1891,  129). 

According  to  Rubands  (J.  Soc.  Chem.  Ind. 
1902,  1466),  a hygienic  and  antiseptic  wood 
charcoal  is  obtained  by  heating  a mixture  of 
aromatic  plants,  such  as  juniper,  thyme,  broom, 
&c.,  in  an  oven  until  the  cresols  begin  to  come 
ofi.  The  mass  is  then  thrown  into  sheet-iron 
boxes,  sealed  to  prevent  combustion,  and  allowed 
to  cool,  the  empyreumatic  matters  thus  being 
reabsorbed. 

A large  number  of  improvements  in  the 
apparatus  employed  for  obtaining  wood  char- 
coal have  been  proposed  (Jones,  Eng.  Pat. 
1485,  1894  ; J.  Soc.  Chem.  Ind.  1895,  24  ; Wise 
Waworth,  Eng.  Pat.  10522,  1897;  ihid.  1899, 
128  ; Schenk,  Eng.  Pat.  23085  ; ihid.  1900,  321  ; 
Burcy,  ihid.  1902,  909 ; Mourlot,  ihid.  1902, 
1448  ; Blacher,  Chem.  Ind.  23,  508). 

Charcoal  is  also  prepared  from  sawdust, 
wood,  chips,  and  peat.  The  raw  material  is 
fed  and  pressed  into  and  through  heated  retorts 
in  a continuous  stream,  and  comes  out  at  the 
other  end  of  the  furnace  as  hard  charcoal.  The 
retorts  are  provided  with  pipes  for  drawing  off 
the  by-products  (Heidonstam,  J.  Soc.  Chem.  Ind. 
1898,  445).  Many  other  methods  of  converting 
peat  into  charcoal  have  been  described  (Rose, 
ihid.  1896,  643  ; Eng.  Pat.  17568,  1895  ; 
Calmont,  ihid.  1892,  257  ; Eng.  Pat.  3978  ; 
Zohrab.  ihid.  1893,  437  ; 1897,  1006 ; Eng. 

Pat.  3619,  1892  ; Jiirgensen  and  Bauschlicker, 
Chem.  Zeit.  1901,  25,  635  ; Stauber,  J.  Soc. 
Chem.  Ind.  1906,  685  ; Jiirgensen,  ihid.  1907, 
685). 

For  blast-furnace  work,  peat  charcoal  and 
that  obtained  from  birchwood  is  the  best. 

According  to  Mauber  {ihid.  1890,  881), 
charcoal  is  also  produced  from  the  by-products 
in  the  manufacture  of  spirits  from  grains  and 
cereals.  Charcoal  suitable  for  use  as  filters, 
respirators,  and  as  wick  for  candles,  can  be 
prepared  by  placing  vegetable  fibres,  such  as 
cotton,  cotton  fabric  or  waste  threads  into 
drums,  which  are  placed  one  by  one  into  an 
inclined  ^furnace,  down  which  they  roll  to  the 
lower  end,  which  is  provided  with  an  exit  door. 
When  no  more  gases  are  given  off,  the  drums  are 
withdrawn  and  the  charcoal  washed  with  water 
(Cooper,  J.  Soc.  Chem.  Ind.  1902,  421). 

For  making  gunpowder  charcoal  the  lighter 
woods,  such  as  the  willow,  dogwood,  and  alder, 
answer  best ; and  in  their  carbonisation  care 
should  be  taken  to  let  the  vapours  freely  escape, 
especially  towards  the  end  of  the  operation,  for 
when  they  are  reabsorbed,  they  greatly  impair 
the  combustibility  of  the  charcoal  (Taylor  and 
Challon,  ihid.  1890,  103. 

The  charcoal  of  some  woods  contains  silica, 
and  is  therefore  used  for  polishing  metals. 
Being  a bad  conductor  of  heat,  charcoal  is 
employed  sometimes  in  powder  to  encase  small 
furnaces  and  steam-pipes.  It  is  not  affected  by 
water,  and  hence  the  extremities  of  stakes 
driven  into  moist  ground  are  not  liable  to  de- 
composition. In  like  manner  casks  when  charred 
inside  preserve  water  much  better  than  common 
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casks,  because  they  furnish  no  soluble  matter  for 
fermentation  or  for  food  to  animalcules. 

For  making  crayons  of  charcoal  the  willow 
is  the  best  wood  that  can  be  employed,  as  the 
softness  is  uniform  in  all  its  parts.  The  dura- 
bility of  charcoal  may  be  seen  in  several  of  our 
old  churchyards,  where  the  letters  made  with 
lampblack  are  still  perfect,  though  the  white  lead 
with  which  the  body  of  the  stones  was  painted 
is  entirely  destroyed.  This  property  of  carbon 
is  shown,  however,  in  a more  striking  manner 
by  the  writings  that  were  found  in  the  ruins  of 
Herculaneum,  which  have  retained  their  original 
blackness  for  two  thousand  years.  The  ancients 
wrote  with  ink  made  from  ground  charcoal. 

If  it  be  required  to  purify  any  carbonaceous 
matter  to  render  it  fitter  for  delicate  pigments, 
this  may  be  done  by  first  calcining  it  in  a close 
vessel,  and  then  fixiviating  it  in  water  slightly 
acidulated  by  nitric  acid. 

The  incorruptibifity  of  charcoal  was  well 
known  to  the  ancients,  and  they  availed  them- 
selves of  this  property  upon  all  important  occa- 
sions. 

Some  years  ago  a quantity  of  oak  stakes 
were  found  in  the  bed  of  the  Thames,  in  the 
very  spot  where  Tacitus  says  that  the  Britons 
fixed  a vast  number  of  such  stakes  to  prevent 
the  passage  of  Julius  Csesar  and  his  army. 
These  stakes  were  charred  to  a considerable 
depth,  had  retained  their  form  completely,  and 
were  firm  at  the  heart. 

Desmond  found  that  wood  charcoal,  when 
submitted  to  a high  temperature  out  of  contact 
with  air,  evolved  a considerable  quantity  of 
gas  consisting  of  9T4  p.c.  COg,  18'08  p.c.  CO, 
49T1  p.c.  Hg,  16*04  p.c.  CH^,  0*26  p.c.  Og,  and 
7 '37  p.c.  Ng,  its  antiseptic  properties  being 
superior  to  carbon  monoxide  (Compt.  rend. 
1894,  119,  733). 

Most  of  the  houses  in  Venice  stand  upon 
piles  of  wood,  which  have  aU  been  previously 
charred  for  their  preservation.  In  this  country 
estates  were  formerly  marked  out  by  charred 
stakes  driven  to  a considerable  depth  into  the 
ground.  These  are  occasionally  found,  and 
usually  the  charred  portions  are  quite  perfect, 
although  every  other  part  is  decayed  {v.  Wood, 
Destructive  distillation  of). 

Wood  charcoal  possesses  in  a remarkable 
degree  the  power  of  absorbing  gases  in  its  pores, 
and  in  many  cases  of  determining  their  combi- 
nation. This  power  increases  with  its  density. 
As  ordinary  charcoal  contains  atmospheric  air 
in  its  pores,  it  must  for  this  purpose  be  prepared 
by  heating  it  to  redness  in  a close  vessel,  and 
cooling  over  mercury.  The  following  table 
shows  the  absorptive  power  of  Saussure  box- 
wood charcoal  of  sp.  gr.  157  for  different  gases  : — 


Ammonia  gas 

90  vols. 

Hydrochloric  acid  gas 

. 85  „ 

Sulphur  dioxide 

. 65  „ 

Hydrosulphuric  acid  . 

. 55  „ 

Nitrous  oxide 

. 40  „ 

Carbon  dioxide  . 

. 35  „ 

Ethylene 

. 35  „ 

Carbon  monoxide 

9*42  vols. 

Oxygen  . 

. 9*25  „ 

Nitrogen  . 

. 6*5  * „ 

Hydrogen  . , . . 

. 1-25  „ 

Charcoal  obtained  from  the  shell  of  the 


cocoa-nut  has  still  greater  absorptive  properties, 
absorbing,  according  to  Hunter, 


Ammonia 
Carbon  dioxide  . 
Carbon  monoxide 
Oxygen  . 


171*7  vols. 
67*7  „ 
21*2  „ 
17*9  „ 


In  consequence  of  this  absorjrtion  of  gases  in 
the  pores  of  charcoal,  their  chemical  activity 
is  greatly  increased.  When  a piece  of  charcoal 
which  has  absorbed  a considerable  quantity  of 
sulphuretted  hydrogen  is  introduced  into  oxygen, 
a violent  reaction  immediately  takes  place,  water 
and  sulphur  dioxide  being  set  free.  If  air  be  em- 
ployed instead  of  oxygen,  sulphur  is  deposited. 

This  property  is  utilised  in  the  removal  of 
foetid  and  bad-smelling  gases  from  rooms,  and  in 
the  sweetening  of  bad-smelling  hquids  and  of 
clothes.  For  this  purpose  charcoal  of  average 
porosity  is  found  to  be  the  most  efficient,  and 
it  should  be  in  moderate-sized  pieces,  its  absor- 
bent power  being  greater  in  this  state  than  when 
in  fine  powder  or  in  very  large  pieces. 

Potassium  and  sodium  alloy  absorbs  char- 
coal, and  the  suspension  so  obtained  has  a 
variety  of  uses,  and  constitutes  an  intermediate 
product  in  a variety  of  processes  such  as  the 
production  of  potassium  cyanide  and  so  forth 
(Weintraub,  J.  Soc.  Chem.  Ind.  1909,  794). 

When  charcoal  is  boiled  in  a solution  of 
platinum  tetrachloride,  it  becomes  impregnated 
with  platinum,  and  is  known  as  platinised 
charcoal.  This  substance  possesses  in  a 
greatly  increased  degree  the  power  of  inducing 
chemical  combination. 

Charcoal  containing  2 p.c.  of  platinum  causes 
oxygen  and  hydrogen  to  unite  completely  in 
about  a quarter  of  an  hour,  the  rapidity  increas- 
ing with  the  percentage  of  platinum,  charcoal 
containing  a larger  quantity  of  platinum  acting 
hke  platinum  sponge.  Platinised  charcoal  may 
be  applied  to  the  preparation  of  air-filters  and 
respirators,  and  also  as  a mild  caustic  (Sten- 
house,  Chem.  Soc.  Trans,  8,  105). 

Charcoal  is  readily  oxidised  by  dilute 
aqueous  solutions  of  calcium  hypochlorite,  and 
potassium  chlorate,  especially  in  presence  of 
osmium  tetroxide,  forming  carbon  dioxide, 
carbon  monoxide,  mellogen,  and  meUitic  acid. 

A further  property  of  charcoal  is  its  power 
of  depriving  most  coloured  liquids  of  their 
colouring  matters,  by  absorbing  them  within  its 
pores.  The  colouring  of  red  wine,  cochineal, 
madder,  or  indigo,  can  thus  be  removed  from 
solutions. 

This  property  was  discovered  in  1790  by 
Lowitz,  and  is  made  use  of  on  the  large  scale  in 
several  industrial  operations,  particularly  in  the 
process  of  refining  sugar.  It  is  most  strildngly 
possessed  by  bone-black  or  animal  charcoal 
Iq.v.).  Charcoal  of  great  decolourising  power 
can  be  obtained  by  the  dry  distillation  of  birch- 
wood  or  other  substances  containing  carbon 
mixed  with  calcium  or  magnesium  chloride, 
without  access  of  air.  The  charcoal  so  obtained 
is  washed  with  water,  then  with  hydrochloric 
acid,  and  then  again  with  water  (Ostrejho,  J. 
Soc.  Chem.  Ind.  1900,  1099  ; 1902,  58). 

Charcoal  of  higher  decolourising  power  is 
obtained  from  blood,  horns,  hoofs,  clippings  of 
hides,  glue,  &c.,  in  contact  with  pearl-ash.  A 
good  decolourising  charcoal  is  also  obtained  by 
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carbonising  vegetable  matters  mixed  with  chalk, 
calcined  flints,  or  other  earthy  substances. 

According  to  Halse  (J.  Soc.  Chem.  Ind.  1903, 
504),  charcoal,  especially  applicable  for  use  in 
decolourising  and  purifying  saccharine  and  other 
liquids,  and  which  can  be  used  in  acid  solutions, 
is  obtained  by  heating  wood  or  a similar  material 
with  sulphuric  acid  to  a temperature  not  exceed- 
ing 200°.  The  charred  mass  is  then  washed  and 
dried,  and,  when  spent,  it  can  be  revivified  b^; 
treatment  with  a smaller  amount  of  sulphuric 
acid. 

Charcoal  also  precipitates  or  absorbs  certain 
substances  from  solution,  notably  iodine,  lime, 
and  its  salts  (being  used  for  the  purification  of 
highly  calcareous  waters),  lead  salts  and  most 
metallic  subsalts,  besides  many  organic  sub- 
stances, as  the  bitter  principles  of  hop,  gentian, 
and  aloe,  tannin,  alkaloids  and  resins,  from  their 
alcoholic  solution  (de  Coninck,  Compt.  rend.  130, 
1627  ; Laval,  Pharm.  J.  1900,  65,  213  ; Mal- 
megac,  J.  Pharm.  Chim.  1900,  12,  5 ; Davis, 
Chem.  Soc.  Trans,  1907,  1666). 

Crude  alcohol  is  occasionally  allowed  to  re- 
main for  some  time  in  contact  with  charcoal. 

Carbon  is  used  for  the  reduction  of  metals 
from  their  ores,  and  in  the  manufacture  of  glass 
for  the  reduction  of  alkaline  sulphates. 

Porous  carbon  can  also  be  used  with  advan- 
tage in  electrolytic  cells  (Lob.  Zeit.  f.  Elect. 
Chem.  1896,  3,  185).  When  used  as  an  anode  in 
strong  hot  sulphuric  and  other  acids,  which  give 
off  oxygen  at  the  anode,  carbon  is  dissolved, 
and  this  property  can  be  used  for  depositing 
carbon  on  suitable  cathodes  (Coehn,  J.  Soc.  Chem. 
Ind.  1897,  445). 

(For  the  treatment  of  carbon  articles  before 
use,  compare  Thomson  Houston,  ibid.  1905, 
1230 ; Eng.  Pat.  28062,  1904 ; Acheson 

U.S.  Pat.  74918,  1904.) 

Gas-carbon  {Glance  coal)  is  a very  dense  form 
of  carbon,  deposited  in  the  upper  part  of  the 
retorts  in  the  manufacture  of  coal  gas  and  in 
blast  furnaces.  It  often  exhibits  the  lustre  and 
sonority  of  a metal,  is  very  hard,  and  a good 
conductor  of  heat  and  electricity.  It  is  used  to 
form  the  negative  element  in  a Bunsen  battery. 

Materials  used  for  manufacture  of  carbon 
electrodes  are  coke,  hard  and  soft  pitch,  coal 
tar,  and  petroleum  oil ; in  some  cases,  to  obtain 
electrodes  of  better  mechanical  wearing  power, 
a small  portion  of  the  coke  is  replaced  by  soot. 
The  proportions  of  the  various  substances 
depend  on  the  kind  of  electrode  required. 
Roush  (J.  Ind.  Eng.  Chem.  1909,  1,  286  ; Lake, 
J.  Soc.  Chem.  Ind.  1900,  1001  ; Cooper,  Shrews- 
bury and  Marshall,  ibid.  1896,  25  ; Starts,  ibid. 
1906,  544  ; U.S.  Pat.  819606,  1906). 

According  to  Niewerth  (J.  Soc.  Chem.  Ind. 
1894,  1206),  carbons  of  less  resistance  and  greater 
illuminating  power  when  used  in  arc  lamps,  can 
be  obtained  by  mixing  the  carbon  with  alummous 
earths,  magnesia,  or  other  metalliferous  minerals 
before  moulding,  after  which  process  it  is  heated 
by  means  of  an  electric  current.  The  carbon, 
when  being  heated,  is  supported  in  a holding 
sleeve  of  non-conducting  material  to  prevent 
warping.  Castner  (J.  Soc.  Chem.  Ind.  1894, 
1067  ; Acheson,  ibid.  1894,  407)  adds  10  p.c. 
carbide  of  silicon  to  the  carbon  used  for  arc  lamps; 
Rivers  {ibid.  1906,  483  ; Kuffrath,  ibid.  1907, 
309)  adds  yttrium  salts.  Langville  {ibid.  1892, 


935)  describes  a process  for  obtaining  carbon  for 
electrical  purposes  from  paper  pulp  (Eng.  Pat. 
13847,  1892). 

Carbon  filaments  are  also  prepared  for  use  in 
incandescent  lamps  and  electric  lamps  (Thomson 
Houston,  J.  Soc.  Chem.  Ind.  1905,  62  ; Pring  and 
Fielding,  Chem.  Soc.  Trans.  1909,  1497  ; Chate- 
lier  and  Wolagdine,  Compt.  rend.  1909,  148, 
1715 ; Howell,  Electrician,  1905,  55,  588 ; 
Levis,  J.  Soc.  Chem.  Ind.  1905,  721,  882  ; Eng. 
Pat.  6959,  1904). 

Graphite  is  formed  in  the  manufacture  of 
carborundum  {q.v.},  and  its  production  on  a 
commercial  scale  has  been  established  by 
Acheson  (U.S.  Pat.  568523)7  It  is  used  to  form 
lamp  carbons,  crucibles,  electrodes,  &c.  For 
the  lower  qualities  of  graphite  articles  anthracite 
may  be  employed  ; for  the  finer  kinds,  and  for 
the  manufacture  of  lubricating  graphite,  petro- 
leum coke  mixed  with  a catalytic  oxide  is 
used.  For  a discussion  of  the  properties,  mode 
of  formation,  and  structure  of  graphitic  carbon, 
V.  Kohlschutter,  Zeitsch.  anorg.  Chem.  1919, 
105,  35. 

Lampblack  is  prepared  on  the  large  scale  by 
burning  fat,  oil,  resin,  tar,  &c.,  with  an  imperfect 
supply  of  air,  either  in  a brick  furnace  or  in 
cast-iron  chambers. 

The  resulting  dense  black  smoke  is  conducted 
into  large  chambers,  where,  on  account  of  the 
extremely  sluggish  draught,  it  -is  allowed  to 
roll  about  until  the  particles  gradually  coalesce 
into  masses  which  after  some  time  fall  on  the 
floor  as  soot.  The  condensation  of  the  particles 
may  be  greatly  facilitated  by  sending  a current 
of  electricity  through  the  atmosphere  of  smoke, 
or  else  it  can  be  agitated  by  mechanical  means 
(Irvine,  J.  Soc.  Chem.  Ind.  1890,  1110). 

For  an  account  of  the  history  and  develop- 
ment of  the  lamp  black  and  carbon-black  industry, 
see  Cabot,  8th  Int.  Cong.  Appl.  Chem.  1912,  Ve, 
12,  13. 

When  commercial  lampblack  is  strongly 
heated,  a large  amount  of  empyreumatic  matter 
is  given  off,  which  condenses  into  a brown  greasy 
mass  consisting  of  chrysene,  pyrene,  capnomar, 
&c.  This  causes  ordinary  lampblack  to  cohere 
when  pressed.  After  calcination  it  loses  this 
property. 

Creosote  or  other  suitable  carbonaceous  fuel 
is  burnt  in  a furnace  with  an  adjustable  air 
supply,  and  the  products  of  combustion  are  sent 
through  a cooler,  where  by-products  are  con- 
densed in  centrifugal  separators,  the  carbon, 
deposited  being  collected  m underlying  receivers 
(Adam,  J.  Soc.  Chem.  Ind.  1907,  701  ; Eng.  Pat. 
13301,  1906). 

An  arrangement  of  lamps  for  the  preparation 
of  an  especially  fine  quahty  of  lampblack  from 
waste  fat  and  mineral  oils  is  described  in  Payen- 
Paul,  64,  65. 

Numerous  improvements  in  the  apparatus  for 
the  production  of  lampblack  have  been  described 
(Wegelin,  J.  Soc.  Chem.  Ind.  1898,  747  ; 1899, 
925  ; 1900,  56  ; 1902  1022  ; 1903,  1190  ; 1908, 
81,  579  ; Fr.  Pat.  380983,  1907  ; Irvine,  J.  Soc. 
Chem.  Ind.  1890,  1110  ; Sanders,  ibid.  1900,  753  ; 
Lembdner,  ibid.  1903,  1238  ; U.S.  Pat.  741726, 
1903  ; Smith,  J.  Soc.  Chem.  Ind.  1909,  430  ; 
Meiser,  ibid.  1908,  1212 ; D.  R.  P.  203711  ; 
Lennard,  J.  Soc.  Chem.  Ind.  1899,  1009  ; Ogilvy, 
ibid.  1902,  1084). 
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Carbon  has  also  been  obtained  direct  from 
smoke  (Ward,  ibid.  1897,  902).  Irvine  {ibid. 
1894,  532)  obtains  lampblack  by  spraying  tars 
or  oils  rich  in  carbon  over  incandescent  coke, 
mixing  the  gases  so  produced  with  air  and  steam, 
and  burning  them  with  a hmited  supply  of  air. 

Lampblack,  carbon  black,  also  sometimes 
spoken  of  as  gasblack,  hydrocarbon  black,  jet- 
black,  and  so  forth,  is  used  in  the  production  of 
printer’s  ink,  paints,  mineral-black,  stove  polish, 
shoe  leather,  rubber  goods,  fertilisers,  colouring 
cement,  mortar  pulp,  and  artificial  stone, 
harness  oil,  stencilmg,  &c.  It  varies  in  composi- 
tion and  properties  with  the  material  and 
method  used  in  its  production.  When  produced  j 
from  the  natural  gas  in  American  oil  wells,  the 
carbon-black  differs  from  ordinary  lampblack, 
by  mixing  with  water  on  being  shaken  with  it ; 
ordinary  lampblack  will  not  do  this.  It  is  also 
quite  different  in  appearance  from  lampblack  | 
obtained  from  oils,  having  a fine  velvet-like 
gloss. 

{See  description  of  figure  and  apparatus  for 
manufacture,  Cabot,  J.  Soc.  Chem.  Ind.  1894, 
130.  Cf.  also  Purtle  and  Rowlands,  ibid.  1908, 
234  ; U.S.  Pat.  877596,  1908  ; Prosch,  J.  Soc. 
Chem.  Ind.  1903,  640  ; Buffer,  Min.  and  Eng. 
World,  Oct.  28,  1911.) 

A good  lampblack,  said  to  be  superior  to  the 
best  American  blacks,  is  also  obtained  by  spark- 
ing a mixture  of  hydrocarbons  under  pressure 
and  with  or  without  admixture  of  carbon  di-  or  1 
mon-oxide  (Koppers,  J.  Soc.  Chem.  Ind.  1906, 
13  ; Machtolf,  ibid.  894,  1909  ; 482,  1050 ; 
D.  R.  P.  207520,  1907  ; Gollwert,  J.  Soc.  Chem.  i 
Ind.  1909,  1050).  According  to  Prank  {ibid.  \ 
1900,  545  ; 1905,  29,  1044),  the  carbon,  at  the 
moment  of  liberation,  is  readily  taken  up  by  | 
metals  ; it  can  thus  be  made  to  pass  into  silver, 
imparting  to  the  latter  the  appearance  of  so- 
called  oxidised  silver. 

According  to  Peters,  lampblack  suitable  for 
use  in  the  preparation  of  paints,  can  also  be  ! 
obtained  by  heating  the  waste  carbons  from  arc  | 
lamps  to  1200°-1400°,  and  then  allowing  the 
mass  to  cool  slowly  {see  also  Acetylene  black).  \ 

Colloidal  carbon.  By  the  careful  addition  I 
of  sugar  to  concentrated  sulphuric  acid,  filtering  : 
and  dialysing  the  liquid,  a clear  black  stable  | 
solution  of  colloidal  carbon  may  be  obtained 
(Sabbatani,  Kolloid-Zeitsch.  1914,  14,  29). 

Carbon  monoxide ; carbonous  or  carbonic 
oxide ; formic  anhydride  CO  ; sp.gr.  0’96716 
(Rayleigh),  0’96702  (Leduc)  (air  = 1).  V.D.  14. 

( — 186°)  (Wroblewski,  Compt.  rend.  98,  982). 
S.H.p.  0'2346.  S.H.v.  0’16844  (Wiedemann,  j 
Pogg.  Ann.  157,  1).  C.E.  0'003667  (Regnault).  j 
S.  (6°)  0-0287;  (9°)  0-0269;  (18-5°);  0-02315  1 
(Bunsen).  S.  alcohol  (2°)  0-20356  ; (13°)  | 

0-20416  ; (16°)  0-20566  ; (24°)  0-20452  (Bunsen) ; I 
1-000301  ; = 1-00035  ; 1-000391  i 

(Croullebois,  Ann.  Chim.  Phys.  [4]  20,  136).  j 
Does  not  exactly  obey  Boyle’s  law;  PV/P^Vi 
= 1-00293  (Regnault).  Its  critical  temperature  | 
is  — 138-7=i::0-l,  and  the  corresponding  pressure  | 
34-6±l  atmospheres,  critical  density  0-3110. 
It  boils  at  —190°. 

Discovered  by  Lassonne,  and  independently 
by  Priestley.  Composition  first  established  by 
Clement  and  Desormes. 

Carbon  monoxide  is  present  in  eoal-  and 
water-gas,  from  both  of  which  it  is  sometimes 


obtained  industrially  (Williams,  J.  Soc.  Chem. 
Ind.  1891,  270  ; Claus,  ibid.  1890,  170). 

Produced  by  the  oxidation  of  charcoal  at  high 
temperatures  {cf.  Johnson  and  McIntosh,  Trans. 
Roy.  Soc.  Canada,  1913,  7,  iii.  161).  By  the 
reduction  of  carbon  dioxide  by  means  of  hydro- 
gen, carbon,  metals,  &c.,  at  a red  heat,  or  over 
carbon  made  incandescent  electrically  and 
coated  with  a bad  conducting  material  (Engels, 
J.  Soc.  Chem.  Ind.  1901,  350).  On  the  rate  of 
reduction  of  carbon  dioxide  by  carbon,  see 
Rhead  and  Wheeler  (Chem.  Soc.  Trans.  1912, 
101,  831,  which  contains  a number  of  references 
to  previous  work  on  the  subject).  In  thereduc- 
j tion  of  metallic  oxides  by  charcoal  or  coke. 
By  the  dry  distillation  of  many  organic  com- 
pounds, and  together  with  hydrogen  and  carbon 
dioxide  when  steam  is  passed  over  red-hot 
charcoal.  By  passing  electric  sparks  through 
I carbon  dioxide  (Buff  and  Hofmann,  Annalen, 
113,  140)  or  by  heating  carbon  dioxide  to  1300° 
(Deville,  Compt.  rend.  59,  873).  By  heating 
dehydrated  oxalic  acid,  or  by  heating  dry 
alkaline  formates  and  acetates  with  formic 
acid  (Lorin,  ibid.  82,  750).  By  heating  an 
oxalate  or  formate  or  these  acids  with  concen- 
trated sulphuric  acid. 

Carbon  monoxide  is  also  produced  in  con- 
siderable quantities  from  various  explosives, 
such  as  mellinite,  gun  cotton,  &c.  It  is  evolved 
by  an  alkaline  pyrogallol  solution  during  the 
absorption  of  oxygen,  unless  a large  excess  of 
potash  is  employed  (Clowes,  Chem.  Soc.  Proc. 
1895,  200). 

Prepared  by  the  decomposition  of  (i)  oxalic 
or  formic  acid,  (2)  potassium  ferrocyanide,  or 
(3)  potassium  cyanide,  by  concentrated  sulphuric 
acid  (Boudouard,  Compt.  rend.  1899,  128,  98, 
307,  822  ; Wade  and  Panting,  Chem.  Soc.  Trans. 
1898,  257). 

(1)  C2H2O4  = CO  + COa-fH^O 

(2)  CH2O2  = CO  + H,0 

(3)  K4Fe(CN)6+6H2S04+6H20 

-6C0+2K2S04+3(NH4)2S04+EeS04 

In  the  first  case  the  gas  is  mixed  with  carbon 
dioxide,  which  must  be  removed  by  passing 
through  potash  or  lime-water.  In  the  last  re- 
action it  is  free  from  carbon  dioxide  if  the 
temperature  does  not  exceed  200°,  but  above 
this  point  this  gas  and  sulphur  dioxide  are 
produced  by  the  reducing  action  of  carbon 
monoxide  upon  sulphuric  acid  : 

H2S04+C0-C02-fS02+H20 
It  is  liable  also  to  contain  a small  quantity  of 
hydrocyanic  acid  vapour. 

Dry  calcium  oxalate  or  barium  oxalate  is 
mixed  with  about  dry  lime,  and  strongly 
heated,  the  gas  passed  through  lime  and  dried  : 
CaC204  = CaCOg-fCO,  any  carbon  dioxide 
formed  being  absorbed  by  the  lime.  Carbon 
monoxide  is  evolved  in  the  manufacture  of 
carbides,  and  is  collected  and  stored.  It  is 
also  produced  in  the  decomposition  of  sugars. 

Carbon  monoxide  is  manufactured  practically 
pure  by  bringing  a mixture  of  oxygen  and  carbon 
dioxide  in  contact  with  incandescent  graphite, 
coke,  anthracite,  &c.  As  thus  obtained,  it  may 
be  used  for  the  manufacture  of  special  steels, 
the  reduction  of  refractory  oxides,  the  treatment 
of  iron  ores  in  the  blast  furnace,  and  for  other 
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purposes  (Loiseau,  J,  Soc.  Chem.  Ind.  1908, 1112 ; 
Fr.  Pat.  390673,  1908).  Carbon  monoxide 
passed  over  heated  sodium  or  potassium  hydrox- 
ide, soda  lime,  or  calcium  hydroxide,  yields 
a formate  and  hydrogen,  together  with  methane 
and  ethylene.  Carbon  monoxide  may  be  con- 
verted into  hydrogen  and  hydrocarbons  to  the 
extent  of  99 ’5  p.c.  by  passage  over  hot  lime 
several  times,  and  it  is  suggested  that  in  this 
way  illuminating  gas  might  be  freed  from  this 
toxic  constituent  (Vignon,  Bull.  Soc.  chim. 
1911,  [iv.]  9,  18). 

Properties. — Colourless  gas  of  metallic  odour 
and  taste,  combustible,  non-supporter  of  com- 
bustion. Absorbed  by  carbon,  by  several 
metals,  and  by  a solution  of  cuprous  chloride  in 
hydrochloric  acid  or  ammonia.  It  acts  as  an 
energetic  reducer.  It  is  a highly  poisonous  gas, 
producing  giddiness,  and  ultimately  asphyxia 
when  inhaled.  0’43  p.c.  in  air  is  fatal  to  man 
(Mosso,  J.  Gas  Lighting,  1902,  80,  1334)  ; 
0*2  p.c.  is  also  poisonous  if  breathed  for  any 
time. 

When  carbon  monoxide  is  passed  over  dry 
silver  oxide,  the  latter  is  reduced  thus : CO + AggO 
= Aga+COg.  Ammoniacal  silver  oxide  is  also 
reduced,  and  the  reaction  may  be  employed  for 
the  detection  of  small  quantities  of  carbon 
monoxide  in  air  (Dejust,  Compt.  rend.  1905,  140, 
1250 ; Berthelot,  ibid.  1891,  112,  597  ; Haber- 
mann,  Zeitsch.  angew.  Chem.  1892,  324).  It 
reduces  Barreswil’s  (Fehhng’s)  solution,  and  in 
contact  with  metallic  copper  moistened  with 
aqueous  potassium  hydroxide  is  rapidly  oxidised 
when  mixed  with  air.  The  copper  is  converted 
into  a peroxide,  CugOg  or  CuCg,  which  is  the 
active  oxidising  agent.  The  rate  of  oxidation 
is  increased  when  the  copper  surface  is  coated 
with  iridium. 

0’02  p.c.  carbon  monoxide  may  be  detected 
by  the  decolouration  of  a mixture  of  silver 
nitrate,  and  weak  permanganate  solution  acidi- 
fied with  nitric  acid  (Merwet,  Compt.  rend.  1897, 
124,  621). 

According  to  Grehant  {ibid.  1891,  113,  289  ,* 
114,  309),  1 part  of  carbon  monoxide  may  be 
detected  in  10,000  parts  of  air,  by  aspirating  the 
air  through  dog’s  blood,  and  testing  the  respira- 
tory capacity  of  the  blood  before  and  after  the 
experiment.  When  the  air  is  passed  under  a 
pressure  of  5 atmospheres,  the  test  becomes  still 
more  delicate.  It  can  also  be  detected  by  passing 
the  gas  through  palladium  chloride,  when  a 
metallic  precipitate  is  formed  and  the  colour 
indicates  the  quantity  present,  to  ggg'ggg 

carbon  monoxide  can  be  detected  in  the  atmo- 
sphere by  passing  several  litres  of  the  suspected 
air  through  iodic  acid,  when  the  following 
reaction  occurs  : — 

5CO+2HIO3  = 5CO2+H2O-I-I2 

The  iodine  is  absorbed  in  chloroform  or  carbon 
disulphide,  when  the  relative  tint  indicates  the 
quantity  of  carbon  monoxide,  or  else  the  carbon 
dioxide  is  absorbed  by  standard  potash  solution 
and  the  carbon  monoxide  calculated  (Gautier, 
Compt.  rend.  1898,  126,  793,  871,  931,  1299  ; 
St.  Martin,  Compt.  rend.  14,  1036  ; Kinnicutt 
and  Sandford,  J.  Amer.  Chem.  Soc.  1900,  22,  14  ; 
Fillanger,  Chem.  Zeit.  1903,  27,  Rep.  126  ; Levy 
and  Pecoul,  Compt.  rend.  1905,  140,  98  ; Fr; 
Pat.  349714,  1904;  142162,  1906;  Morgan 


and  McWhorter,  J.  Amer.  Chem.  Soc.  1906,  29, 
1589 ; Goutal,  Ann.  Chim.  anal.  1910,  15 ; 
Graham  and  Winmill,  Chem.  Soc.  Trans.  1914, 
105,  1996  ; Sinnatt  and  Cramer,  Analyst,  1914, 
163  ; Froboese,  Zeitsch.  anal.  C!hem.  1915,  54, 
1 ; Graham.  J.  Soc.  Chem.  Ind.  1919,  10  T.). 

Carbon  monoxide  is  oxidised  quantita- 
tively to  carbon  dioxide  by  passing  it  over 
yellow  mercuric  oxide  heated  to  100°  (Moser 
and  Schmid,  Zeitsch.  anal.  Chem.  1914,  53,  217)} 
Clowes  recommends  the  flame  cap  test  as  an 
accurate  and  rapid  method  for  detecting  carbon 
monoxide  (Brit.  Assoc.  Report,  Chem.  Zeit. 
1896)  ; whilst  to  detect  the  presence  of  carbon 
monoxide  in  mines,"" Haldane  and  also  Herman 
(J.  Soc.  Chem.  Ind.  1896,  854)  recommend  the 
use  of  mice,  which  are  very  rapidly  afiected  by 
small  quantities  of  carbon  monoxide.  For  a 
method  of  determining  small  quantities  of 
carbon  monoxide  in  hydrogen  as  used  for 
ammonia  synthesis,  see  E.  K.  Rideal  and 
Taylor,  Analyst,  1919,  89. 

According  to  Leblanc  (Ann.  Chim.  Phys.  j 3 ] 
5,  223),  it  is  chiefly  the  presence  of  this  gas  that 
causes  the  poisonous  action  of  air  in  which 
charcoal  has  been  burnt.  The  gases  from  a 
charcoal  fire  may  contain  up  to  F8  p.c.  of  carbon 
monoxide,  those  from  a petrol  engine  7*32  p.c. 
(in  these  gases  the  quantity  of  carbon  monoxide 
exceeds  that  of  the  carbon  dioxide),  whilst  the 
combustion  products  from  gas-heaters  contain 
from  1 part  in  15,000  to  0'3  p.c.,  according  to 
the  supply  of  air  to  the  burner.  A small  pro- 
portion of  carbon  monoxide  in  a dusty  atmo- 
sphere constitutes  a dangerously  explosive 
mixture.  It  combines  with  the  red  colouring 
matter  of  the  blood-forming  carboxyheemo- 
globin,  and  may  be  recognised  by  its  absorption 
spectrum,  which  is  almost  identical  with  that 
of  oxygenated  blood,  and  is  characterised  by 
two  bands  between  D and  E.  On  the  addition 
of  ammonium  sulphide,  these  disappear  in  the 
case  of  oxygenated  blood,  and  the  spectrum 
shows  one  band  midway  between  D and  E,  but 
remains  unchanged  if  carbon  monoxide  is 
present  (Vogel,  Ber.  11,  235 ; Hoppe-Seyler, 
Zeitsch.  anal.  Chem.  3,  439 ; also  Preyer, 
J.  1867,  802  ; Nawrocki,  J.  16,  640 ; Grehaut, 
Compt.  rend.  87,  193  ; St.  Martin,  ibid.  1892, 
1 4,  1006).  According  to  Nicloux  (ibid.  1898, 
126,  1526,  1595),  carbon  monoxide  is  a normal 
constituent  of  dog’s  blood,  but  this  has  been 
denied  by  Buckmaster  and  Gardner  (Proc.  Roy. 
Soc.  B,  1909,  81,  515).  Carbon  monoxide  burns 
ordinarily  with  a blue  flame,  which,  by  previous 
heating,  becomes  red,  generating  carbon  dioxide. 
The  temperature  of  its  flame  in  air  is  about 
1400°  (Valerius,  J.  1874,  58).  According  to 
Wieland  (Ber.  1912,  45,  679),  formic  acid  is  an 
intermediate  product  in  the  combustion  of 
carbon  monoxide,  and  can  be  detected  by 
allowing  the  flame  to  play  upon  ice.  When 
dry  it  is  not  changed  by  the  electric  current  nor 
by  ignited  platinum  wire,  but  when  standing 
over  water  it  is  decomposed  by  a glowing 
platinum  spiral  (Buff  and  Hofmann,  Chem.  Soc. 
Trans.  1860,  12,  273).  When  not  absolutely 
dry,  it  may  be  exploded  with  oxygen  by  the 
electric  spark  or  by  platinum  wire  heated  to 
300°  or  by  spongy  platinum  at  ordinary  tem- 
peratures. 2 vols.  CO  unite  with  1 vol.  Oj 
forming  2 vols.  COg. 
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Dixon  (Phil,  Trans.  1884,  617)  has  shown  that 
no  action  takes  place  when  a spark  is  passed  into 
a mixture  of  perfectly  dry  carbon  monoxide  and 
oxygen,  but  that  a mere  trace  of  moisture  renders 
the  mixture  explosive.  The  combination  takes 
place  very  slowly  in  presence  of  small  quantities 
of  steam,  and  increases  in  rapidity  with  the 
quantity  of  steam  present.  Probable  reactions  : 

2C0+2H20=2C0o+2H2 

2H2+02=2H20 

Hence  the  steam  acts  as  a carrier  of  oxygen 
to  carbon  monoxde  {v.  Dixon,  Chem.  Soc.  Trans. 
49,  94). 

Small  quantities  of  other  gases  than  steam 
were  tried  : if  the  gas  contained  hydrogen,  ex- 
plosion occurred,  if  the  gas  contained  no  hydro- 
gen, no  explosion  occurred.  When  a mixture  of 
carbon  monoxide  and  steam  is  heated  to  about 
600°,  a portion  of  the  carbon  monoxide  is 
oxidised.  If  the  carbon  dioxide  is  removed  as 
it  is  formed,  the  whole  may  be  oxidised.  L. 
Meyer’s  experiments  (Ber.  19,  1099)  seem  to 
prove  that  a dry  mixture  of  carbon  monoxide  and 
oxygen  can  be  exploded  if  a very  strong  spark  is 
used,  and  a sufficiently  high  temperature  then 
obtained,  and  if  the  gases  are  under  considerable 
pressure.  When  sparks  from  an  induction  coil 
are  passed  through  a mixture  of  carbon  mon- 
oxide and  steam,  carbon  dioxide,  a little  formic 
acid,  and  sometimes  carbon,  are  formed  (Dixon, 
Chem.  Soc.  Trans.  49,  94).  When  to  a mixture 
of  dry  carbon  monoxide  and  hydrogen,  oxygen 
insufficient  for  complete  combustion  is  added, 
and  the  mixture  exploded  by  the  spark,  carbon 
dioxide  and  steam  are  formed  in  a ratio  dependent 
upon  the  shape  of  the  vessel  and  the  pressure  up 
to  a certain  limit,  called  the  ‘ critical  pressure.’ 
Above  this  pressure  the  ratio  of  the  formation 
of  carbon  dioxide  and  water  is  independent  of 
the  shape  of  the  vessel.  The  critical  pressure 
becomes  lower  the  larger  the  quantity  of  oxygen 
used.  The  ratio  CO+HgO  : COa+Hg  remains 
constant  so  long  as  the  vol.  of  the  hydrogen  is 
more  than  twice  that  of  the  oxygen,  provided 
no  steam  condenses,  and  the  pressure  is  above 
the  critical  pressure.  When  the  vol.  of  hydrogen 
is  less  than  twice  the  vol,  of  oxygen,  the  above 
ratio  diminishes.  The  presence  of  an  mert 
gas  increases  the  formation  of  carbon  dioxide 
and  diminishes  that  of  water,  hence  it  lowers 
the  value  of  the  ratio  CO  + HgO  : CO2+H2. 

This  ratio  is  called  the  ‘ coefficient  of  affinity  ’ 
of  the  reaction  (Dixon,  Phil.  Trans.  1884,  617  ; 
Chem.  Soc.  Trans.  49,  94).  According  to 
Brodie,  when  carbon  monoxide  and  hydrogen 
are  submitted  to  the  action  of  the  silent  discharge, 
marsh  gas  is  formed  by  synthesis  ; when  pure  and 
dry  carbon  monoxide  is  circulated  through  the 
induction  tube,  it  is  decomposed,  carbon  dioxide 
being  formed  together  with  other  ‘ oxy-carbons  ’ 
of  the  formulae  C4O3  and  C5O4  (Brodie,  Proc. 
Roy.  Soc.  21,  245). 

Carbon  monoxide  is  converted  into  carbon 
dioxide  under  the  influence  of  nascent  oxygen 
from  chromic  acid  (Ludwig,  Annalen,  142,  47), 
but  not  by  ozone,  either  in  diffused  daylight  or 
in  direct  sunshine  (Remsen  and  Southwark, 
Amer.  J.  Sci.  [3]  11,  136).  It  is  likewise  oxidised 
by  palladium  charged  with  hydrogen  in  presence 
of  oxygen  and  water  (Traube,  Ber,  15,  2325, 
2854  ; 16,  123  ; Remsen  and  Reiser,  ibid.  17, 
Vol.  II.— T. 


83  ; Wieland,  Ber.  1912,  45,  679)  ; by  mixing 
with  oxygen  and  passing  over  platinum  black  ; 
by  nitric  oxide  (Hasenbach,  J,  pr.  Chem.  [2]  4, 
1)  ; by  heating  with  metallic  oxides  and  with 
many  oxysalts.  Adsorbed  on  ‘ activated  ’ 
platinum  it  is  rapidly  converted  into-  carbon 
dioxide  in  contact  with  oxygen. 

When  passed  over  finely  divided  metals,  such 
as  nickel,  cobalt,  or  iron,  the  quantity  of  carbon 
dioxide  formed  depends  on  the  temperature  and 
the  metal  (Zimmermann,  Ber.  1903,  36,  1231  ; 
Sabatier  and  Senderens,  Bull.  Soc.  chim.  1903, 
29,  294 ; Berthelot,  Compt.  rend.  1891,  112, 
594  : Van  Breakedensen  and  Horst,  Rec.  trav. 
chim.  19,  27  ; Smits  and  Wolff,  Zeitsch.  physikal. 
Chem.  1903,  45,  199  ; Charpy,  Compt,  rend. 
1903,  137,  120 ; Boudouard,  ibid.  1899,  128, 
1522).  In  some  cases  a volatile  carbonyl  com- 
pound is  formed  of  the  type  M(CO)4  (Lange  and 
Quincke,  Chem.  Soc,  Proc.  1890,  112 ; 1891, 
117  ; Wartha,  Chem.  Zeit.  1891,  15,  915  ; 
G-arnier,  Compt.  rend.  1891,  113,  189  ; Gautz, 
Bull,  Soc.  chim.  1892,  13,  278  ; Bertholet,  1892, 
431,  434  ; Sabatier  and  Senderens,  l.c.).  Accord- 
ing to  Gautz  (Compt.  rend.  1892,  114,  115),  at 
400°  carbon  monoxide  reacts  with  manganese 
and  iron,  thus : CO+Mn=MnO  + C.  Carbon 
monoxide  passes  through  cast  and  wrought  iron 
when  heated  to  redness,  and,  according  to  Sie verts 
and  Krumbhaar  (Ber.  1910,43,  893),  it  dissolves 
in  nickel  and  cobalt,  but  not  in  copper. 

Minute  quantities  of  carbon  monoxide  reduce 
gold  chloride,  and  also  gold,  silver,  and  mercury 
oxides  (Pay  and  Seeker,  J.  Amer,  Chem.  Soc. 
1903,  25,  641).  Brunck  (Zeitsch.  angew.  Chem. 
1912,  25,  2479)  has  proposed  to  employ  its 
reducing  action  on  palladium  chloride  (sodium- 
palladous  chloride)  as  a method  of  estimating 
small  quantities  of  carbon  monoxide. 

When  an  electric  spark  is  sent  through  a 
mixture  of  ammonia  and  carbon  monoxide, 
ammonium  cyanate  is  chiefly  formed  (Northall 
Laurie,  Chem.  Soc.  Trans.  1905,  433). 

Pure  carbon  monoxide  forms  a colourless 
transparent  liquid  under  200-300  atmospheres 
at— 139°,  and  solidifies  to  a snowy  mass  in  vacuo 
at  —211°  (Olszewski,  Compt.  rend.  99,  706  ; 100, 
350  ; Wroblewski  and  Olszewski,  Ann.  Chim. 
Phys.  [6]  1,  112). 

Carbon  monoxide  combines  with  potassium 
at  about  80°  to  form  an  explosive  compound, 
KCO  (Brodie,  Chem.  Soc.  Trans.  1860,  12,  269). 
It  is  rapidly  absorbed  by  a solution  of  cuprous 
chloride  in  ammonia  or  hydrochloric  acid,  by 
which  means  it  may  be  directly  estimated  in  a 
gaseous  mixture  (c/.  Thomas,  Chem.  News,  37,  6). 
According  to  Manchot  and  Brandt  (Annalen, 
1909,  370,  286),  it  forms  the  compound 
CuCkC0,2Il20,  with  copper  chloride,  and  the 
2H2O  can  be  replaced  by  2NH3.  It  is  also  ab- 
sorbed by  moist  silver  oxide.  It  unites  directly 
with  chlorine,  forming  phosgene  gas  (Schiitzen- 
berger,  Zeitsch.  f.  Chem.  [2]  4,  321).  It  is  absorbed 
by  heated  potassium  hydroxide  at  about  200°, 
forming  potassium  formate  (Berthelot,  Ann. 
Chim.  Phys.  [3]  61,  463).  Frohhch  and  Geuther 
(Annalen,  202,  317)  recommend  passing  carbon 
monoxide  over  soda-lime  for  this  purpose.  It 
combines  with  sulphur  to  form  carbon  oxysul- 
phide ; with  platinum  tetrachloride  to  form 
C303PtCl4  and  CgOaPtClg  (Schiitzenberger,  Ann. 
Chim.  Phys.  [4]  21,430).  It  is  rapidly  absorbed 
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by  anhydrous  hydrocyanic  acid  cooled  by  a 
freezing  mixture,  two  layers  being  formed,  but 
the  gas  is  evolved  on  removing  the  tube  from 
the  mixture  (Bottinger,  Ber.  10,  1122).  It  acts 
on  metallic  alcoholates  with  formation  of  acids 
by  synthesis  (G-euther,  Annalen,  202,  288  ; 
Schroeder,  ibid.  221,  34). 

Carbon  monoxide  has  been  used  in  electro- 
lytic cells  by  Haber  and  Moser  (Zeitsch.  Elektro- 
chem.  1905,  ii.  593). 

Carbon  dioxide,  Carbonic  anhydride,  Car- 
bonic acid.  Gaseous. — Sp.gr.  1 ‘52909  (Rayleigh)  ; 
1*52894  (Leduc).  V.D,  22*42  at  800°;  21*2  at 
1180°  (Meyer  and  Goldschmidt,  Ber.  1882,  15, 
1165). 

Specific  heat  (const.  voL),  0*33  (equal  vol. 
air=l)  ; 0*2169  (equal  wt.  air=l)  (Regnault, 
Compt.  rend.  36,  676,  etc.  ; Wiedemann,  Pogg. 
Ann.  157,  24).  Ratio  of  specific  heat  at  const, 
press,  to  specific  heat  at  constant  volume 
= 1*29  — 1*305  (Amagat  and  Rontgen,  Compt. 
rend.  71,  336 ; 77,  1325).  Coefficient  of  ex- 
pansion=0*0037  (Regnault,  Magnus,  and  Joly). 
PV/PjVi  = 1*00722  (Regnault,  ibid.  20,  975)  ; at 
200°  carbon  dioxide  obeys  Boyle’s  Law  (Amagat, 
68,  1170  ; 73,183). 

=1*000395;  =1*000356;  ua  =1*000496 

(Croullebois,  Ann.  Chim.  Phys.  [4]  20,  136  ; 
Chapman  and  Rivime,  Compt.  rend.  103,  37). 
Heat  of  formation  (const,  press.)  (C+Og) 
=96*96  ; (C0+0)=67*96  : heat  of  formation 

(const,  vol.)  (C+02)=9B*96  ; (C0  + 0)=67*67  ; 
(C+O2+Aq)  = 102*84  ; (CO-f  0+Aq)=73*84  ; 
(COg  + Aq)  = 5*88  ; (COgAq  + ^iNaOHAq) 
= 11*016  (w=l);  20*184  (w=2);  20*592  (w=4) 
(Thomsen). 

Solubility  of  COg  in  water  (Bunsen,  Annalen, 
93,  1) 


at  0°  = 1*7967 
1°= 1-7207 
2°  = 1*6481 
3°  = 1*5787 
4°  = 1*5126 
5° =1*4497 
6°  = 1*3901 


at  7°  = 1*3339 
8°  = 1*2809 
9°  = 1*2311 
10°  = 1*1847 
11°=1*1416 
12°=1*1018 
13°=1*0653 


at  14°  = 1*0321 
15°  = 1*0020 
16°=0*9753 
17°=0*9519 
18°=0*9318 
19°=0*9150 
20°=0*9014 


whence  absorption  coefficient 

= 1*7967-0*0776H+0*0016424/.® 

For  influence  of  non- electrolytes  on  the 
solubility  of  carbon  dioxide  in  water,  see  Usher 
(Chem.  Soc.  Trans.  1910,  97,  66). 

Solubility  of  COg  in  alcohol : — 

at  3*2°=4*0442  at  14*3°=3*3257 

6*8°=3*7374  18°  =3*0391 

10*4°=3*4875  22*6°=2*8277 


whence  absorption  coefficient 

=4*32955-0*09395^-f 0*00124^2 

For  the  solubility  of  carbon  dioxide  in  beer, 
see  Langer  and  Schultze  (Zeitsch.  fiir  des  ges. 
Brauwesen,  1879,  2,  369);  Emslander  and 
Freundlich  (Zeitsch.  physikal.  Chem.  1904,  49, 
317)  ; Findlay  and  Spen  (Chem.  Soc.  Trans. 
1911,  1313). 

Liquid. — Sp.gr.  1*057  at  —34°;  0*966  at 
-11°;  0*84  at+ll°;  0*726  at  -f22*2°  (Caille- 
tet  and  Mathias,  Compt.  rend.  102,  1202).  Co- 
efficient of  expansion  very  large,  120  vols.  at 
— 20°  become  150  vols.  at  -j-30°  (Thilorier,  Ann. 
Chim.  Phys.  60,  ii.  427). 

Critical  temperature  30*9°  (Andrews,  Phil. 


Trans.  1869,  575),  31*35°  with  a corresponding 
pressure  of  72*0  atmos.  (Amagat).  31*9°  and  a 
pressure  of  77  atmos.  (Dewar).  Vap.  press,  in 
atmos.  (Regnault)  17*1  at  —25°  ; 30*9  at  —5°  ; 
35*4  at  0°  ; 40*5  at  +5°  ; 52*2  at  15°  ; 66  at 
25.  B.p.  —78*2°  at  atmos.  press.  (Regnault). 

Solid. — Sp.  gr.  slightly  under  1*2  (Landolt, 
Ber.  1884,  17,  309).  Vap.  press,  in  atmos. 
(Faraday)  5*33  at —57°  ; 2*2  at —70*5°  ; 1*14  at 
—99*4°.  When  solid  COg  is  exposed  to  the  air, 
the  temperature  remains  constant  at  —78°  to 
—79°  (Villard  and  Jarry ; Pouillet ; Reg- 
nault). 

Carbon  dioxide  was  known  to  Paracelsus  and 
Van  Helmont,  and  was  carefully  studied  by 
Cavendish.  Its  true  composition  was  first 
demonstrated  by  Lavoisier  in  1775.  It  was 
liquefied  by  Davy  and  solidified  by  Thilorier. 
It  is  formed  by  the  combustion  of  carbon  in 
oxygen  or  air  (Dixon,  Chem.  Soc.  Proc.  1899, 
118 ; Nauwaan,  Zeitsch,  angew.  Chem.  1896, 
200).  According  to  Potter  (Proc.  Roy.  Soc. 
1908,  80,  B,  239),  amorphous  carbon,  such  as 
charcoal,  lampblack,  coal,  &c.,  when  exposed 
to  air,  is  slowly  oxidised  by  the  agency  of  bacteria, 
to  carbon  dioxide,  the  amount  of  which  increases 
with  rise  in  temperature.  The  temperature 
at  which  carbon  -will  form  carbon  dioxide 
and  monoxide,  when  heated  in  oxygen,  de- 
pends largely  on  whether  the  temperature  has 
been  reached  by  heating  or  cooling  (Manville, 
Compt.  rend.  1906,  142,  1190).  The  presence  of 
moisture  is  necessary  for  the  combustion  of 
carbon  in  oxygen  (B rereton  Baker,  Chem.  Soc. 
Trans.  1885,  349  ; Rhead  and  Wheeler,  Chem. 
Soc.  Trans.  1912,  101,  846;  ibid.  1913,  103, 
1210).  It  is  a constant  product  of  ordinary 
processes  of  combustion.  It  is  also  formed  by 
the  respiration  of  animals,  in  various  processes 
of  fermentation,  and  by  the  decay  of  animal 
and  vegetable  substances.  It  is  evolved  from 
fissures  in  the  ground  in  volcanic  districts,  and 
from  the  craters  of  active  volcanoes,  and  exists 
in  solution  in  natural  waters,  some  of  which 
contain  it  in  such  quantities  as  to  effervesce.  It 
is  found  also  in  mines,  quarries,  wells,  and 
caverns,  particularly  in  limestone  districts.  It 
is  a constant  constituent  of  the  atmosphere, 
which  contains  on  the  average  about  0*034  p.c, 
The  air  in  streets  often  contains  as  much  as  0*05 
to  0*09  p.c.  In  crowded  rooms  it  may  reach 
0*3  p.c.  It  is  further  produced  by  the  decom- 
position of  carbonates  either  by  the  action  of 
heat  or  of  stronger  acids,  and  is  frequently 
formed  when  organic  bodies  are  subjected  to  high 
temperatures.  In  the  reduction  of  many  metallic 
oxides  by  carbon : by  burning  carbon  monoxide ; 
by  heating  together  carbon  monoxide  and  steam; 
and  by  the  action  of  steam  on  calcium  carbonate 
at  red  heat ; by  heating  a mixture  of  potassium 
dichromate  and  sodium  carbonate. 

Best  prepared  by  acting  on  chalk,  marble,  or 
magnesite  with  dilute  hydrochloric  acid  solution. 
The  gas  may  be  collected  over  water  or  by  dis- 
placement of  air.  On  the  large  scale  it  is  obtained 
by  heating  chalk  or  limestone  to  redness  in  iron 
or  earthen  vessels  (in  lime  burning)  or  by  burn- 
ing charcoal.  It  is  manufactured  also  as  a by- 
product in  the  combustion  of  fuel.  Also  pure 
on  large  scale  by  heating  carbonates  -with  steam 
(J.  Soc.  Chem.  Ind.  3,  568). 

According  to  Thom  and  Pryor  {ibid.  1909, 
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1087),  pure  carbon  dioxide  can  be  manufactured 
from  limestone  by  the  following  process  : The 
limestone  is  heated  in  closed  retorts  around  a 
central  combustion  chamber,  beneath  which  is 
a furnace,  the  whole  apparatus  being  enclosed 
in  a casting  which  excludes  air  from  the  retorts. 
Superheated  steam  is  admitted  to  the  retorts  at 
their  lower  ends,  and  this  decomposes  the  lime- 
stone and  carries  the  carbon  dioxide  through 
outlets  at  the  top  of  each  retort,  leading  to  a 
collecting  gas  main  running  round  the  top  of  the 
casting.  The  retorts  have  closely  fitting  mouth- 
pieces, at  which  they  are  charged  and  discharged 
respectively.  By  a system  of  air  and  waste -gas 
flues,  perfect  combustion  and  the  fullest  use  of 
heat  from  the  waste  gases  is  ensured  (Eng.  Pats. 
20102,  24332,  1908).  ft 

Carbon  dioxide  is  obtained  commercially 
from  natural  waters  from  the  Saratoga  springsin 
New  York,  and  also  in  South  Germany.  In 
North  Germany  the  gas  is  obtained  by  the 
combustion  of  3oke,  which  is  generally  considered 
to  be  the  cheapest  and  best  commercial  method 
of  producing  carbon  dioxide.  Coke  is  burnt  in 
a generator,  A (Fig.  14)  ; the  products  pass  into 
a combustion  chamber,  b,  into  which  hot  air  is 


it  leaves,  almost  saturated,  by  the  overflow  siphon 
and  accumulates  in  the  tank  l.  The  pump  j 
then  drives  it  through  the  tubular  vessels  m and 
o (where  it  is  heated  to  60°  and  90°  respectively) 
into  the  heater  c,  where  its  temperature  is  raised 
to  100°.  The  ‘ poor  ley  ’ circulates  in  the 
opposite  direction  back  to  the  tank  k.  The 
carbon  dioxide  evolved  from  c passes  into  a 
cooler,  then  to  a gasholder  (Schwatolla,  Zeitsch. 
angew.  Chem.  1900,  1284). 

Other  methods  of  obtaining  carbon  dioxide 
from  coke  are  described  by  Candia  and  Merlini 
(J.  Soc.  Chem.  Ind.  1908,  847),  Leslie  {ihid. 
1905,  240),  Gravillon  {ihid.  1900,  164  ; Eng.  Pat. 
8377,  1904),  and  many  others. 

Numerous  patents  also  exist  for  obtaining 
carbon  dioxide  from  furnace  gases  and  from  lime 
kilns,  most  of  which  de- 
pend upon  its  absorption 
by  potassium  or  sodium 
carbonate  solution,  from 
which  it  is  then  boiled 
off  (Rylands,  J.  Soc. 

Chem.  Ind.  1892,  1005). 

I^eslie  {ihid.  1907,  

688)  describes  a some- 
what  different  method. 

The  furnace  gases  pass 
from  a purifier  to  a 
pump,  where  they  are  ^ 
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admitted  to  complete  the  combustion,  thus 
oxidising  all  the  carbon  monoxide  and  hydrogen 
sulphide.  The  hot  gases  now  pass  through 
tubes  contained  in  the  vessel  c,  thus  heating 
and  decomposing  the  bicarbonate  solution 
contained  in  this  vessel.  The  gas  now  passes 
through  one  or  more  wash  towers,  n,  containing 
limestone  over  which  water  trickles,  and  is 
freed  here  from  dust  and  sulphur  dioxide,  e is  a 
blower  or  fan,  which  sucks  the  gas  through  the 
furnace  and  drives  it*  through  the  absorbing 
apparatus,  e is  a rectangular  vessel  filled  with 
potash  ley,  and  provided  with  a number  of  semi- 
circular baffle  plates,  so  arranged  that  the  gas 
accumulates  under  each  successively,  thus  re- 
maining exposed  for  a considerable  time  under 
the  pressure  of  the  column  of  fluid  to  a large 
surface  of  liquid.  The  absorption  is  further 
helped  by  an  agitator,  which  throws  the  liquid 
into  the  upper  portion  of  the  vessel.  From  E 
the  gas  passes  into  the  tower  g,  where  the 
absorption  is  practically  completed,  and  then 
leaves  the  apparatus.  The  circulation  of  the 
potash  ley  starts  from  the  tank  k,  whence  it  is 
pumped  by  h through  the  Korting’s  jets  into  the 
upper  part  of  G,  which  is  thus  filled  with  fine 
spray.  The  siphon  at  the  bottom  of  the  tower 
delivers  the  partially  saturated  ley  into  e,  which 


compressed,  after  which  they  are  cooled  in  a heat 
interchanger,  from  which  they  are  led  to  a drying 
vessel,  containing  calcium  chloride,  into  a re- 
frigerator, in  which  the  carbon  dioxide  is  con- 
densed to  snow ; the  other  gases,  still  above 
their  critical  temperature,  are  passed  back 
through  the  interchanger,  whilst  the  carbon 
dioxide  is  liquefied  and  drawn  off  into  tubes 
and  cylinders  (Eng.  Pat.  11902,  1906). 

A method  of  obtaining  sterilised  carbon 
dioxide,  with  disinfecting  properties,  is  described 
by  Bouchaud-Praceiq  (J.  Soc.  Chem.  Ind. 
1908,  994). 

Many  attempts  have  been  made  to  collect 
the  carbon  dioxide  given  off  during  fermenta- 
tion processes,  and  some  of  these  have  been 
successful  from  a commercial  and  industrial 
point  of  view. 

Mixtures  of  a carbonate  or  bicarbonate  with 
a salt  or  double  salt,  which  is  readily  hydrolysed 
in  aqueous  solutions,  have  been  prepared  for 
the  generation  of  carbon  dioxide  (Menter  and 
Sedlitzky,  J.  Soc.  Chem.  Ind.  1908,  1151  ; Eng. 
Pat.  14863,  1908). 

Ageron  and  Remy  (J.  Soc.  Chem.  Ind.  1906, 
847)  have  prepared  a compound  by  heating  a 
mixture  of  magnesium  sulphate  and  sodium 
sulphate  or  bisulphate  with  sulphuric  acid. 
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which  they  use  as  a substitute  for  acids  in 
liberating  carbon  dioxide  from  carbonates. 

Carbon  dioxide  is  a colourless,  inodorous  gas, 
neither  combustible  nor  a supporter  of  combus- 
tion. Strongly  heated  potassium  or  sodium  and 
brightly  burning  magnesium  burn  in  carbon 
dioxide. 

When  quite  dry  it  has  no  action  upon  litmus, 
but  if  moisture  be  present  the  litmus  is  coloured 
wine-red.  The  colour  disappears  on  exposure 
to  air,  owing  to  escape  of  the  gas.  Passed  into 
lime-water,  carbon  dioxide  renders  it  turbid, 
owing  to  the  formation  of  calcium  carbonate, 
but  if  the  gas  be  in  excess,  the  neutral  carbonate 
is  converted  into  an  acid  carbonate,  and  the 
liquid  becomes  clear. 

Carbon  dioxide  is  rapidly  absorbed  by  a solu- 
tion of  caustic  potash. 

Between  —85°  and  -1-54°  absolutely  dry 
carbon  dioxide  does  not  react  with  absolutely 
dry  alkali  hydroxides.  At  or  above  54°,  the 
dry  substances  do  react,  and  at  85°  a trace  of 
moisture  at  once  starts  the  reaction,  which  is 
completed  very  rapidly  (Moissan,  Compt.  rend. 
1903,  136,  723).  It  is  also  absorbed  by  sulphuric 
acid  [100a=926],  where  a = Bunsen’s  absorption 
coefficient  (Bohr,-  Chem.  Zentr.  1910,  ii.  1414). 

Its  solution  in  water  has  a sp.gr.  1‘0018. 
It  has  a slightly  acid  taste,  colours  htmus  wine- 
red,  and  partially  neutrahses  alkalis  and  dissolves 
carbonates  of  barium,  strontium,  calcium,  and 
magnesium,  &c. 

The  solution  corrodes  iron.  Krohake  ( J.  Soc. 
Chem.  Ind.  1900,  520)  found  that  water  contain- 
ing about  40  mgrms,  of  CO  2 per  litre  reduced  iron 
pipes  in  a short  time  from  26  mm.  to  7 mm. 
diameter,  owing  to  the  formation  of  a brown 
crust,  the  pipe  itself  being  corroded  to  a depth 
of  1-3*5  mm. 

Its  solution  in  water  probably  contains 
carbonic  acid  HgCOg.  At  ordinary  tempera- 
tures, and  under  1 atmosphere,  * the  mass  of 
carbon  dioxide  dissolved  increases  as  the  pressure. 
But  at  pressures  of  2,  3,  or  more  atmospheres,  the 
mass  of  carbon  dioxide  dissolved  is  less  than  that 
calculated  by  Dalton  and  Henry’s  law  {v. 
Khanikoff  and  Louguinine,  Ann.  Chim.  Phys. 
[4]  11,  412).  By  the  action  of  carbon  dioxide 
under  pressure  on  water  at  low  temperatures, 
the  crystalhne  hydrates  C02,6H20  (Villard, 
Compt.  rend.  1891,  119,  368),  C02,8H20,  and 
C02,9H20  (Hempel  and  Seidel,  Ber.  1898,  31, 
2997)  have  been  obtained. 

Water  which  has  been  saturated  with  carbon 
dioxide  under  pressure  gives  it  up  as  soon  as  the 
pressure  is  removed.  This  property  is  made  use 
of  in  the  manufacture  of  effervescing  drinks  and 
aerated  waters  {v.  Aerated  waters). 

Under  the  same  pressure  the  volume  of  gas 
absorbed  by  water  diminishes  as  the  temperature 
rises,  the  whole  of  the  gas  being  expelled  at 
boiling  heat.  Hence  carbonic  acid  water,  hold 
ing  an  earthy  carbonate  in  solution,  deposits  it 
when  the  water  is  boiled.  This  is  the  cause  of 
the  furring  of  kettles,  boilers,  &c.,  in  which 
spring  or  river  waters  have  been  boiled. 

Potassium  burns  in  carbon  dioxide  at  a red 
heat  with  a red  incandescence,  depositing  char- 
coal mixed  with  potassium  carbonate.  Sodium 
decomposes  it  in  a similar  manner,  as  do  phos- 
phorus and  boron  in  presence  of  an  alkali. 

It  is  decomposed  by  the  electric  spark  into 


carbon  monoxide  and  oxygen,  if  hydrogen,  or 
mercury,  or  some  other  metal  is  present  to  com- 
bine with  the  oxygen,  otherwise  the  carbon 
monoxide  and  oxygen  recombine  to  form  carbon 
dioxide  (Collie,  Chem.  Soc.  Trans.  1901,  1063). 

Partly  decomposed  by  electric  sparks,  a 
condition  of  ecp.nlibrium  is  attained  when  change 
of  CO  2 into  CO-pO  equals  that  of  CO-j-O  into 
CO  2 (Dixon  and  Lowe,  Chem.  Soc.  Trans.  47,  571). 

Carbon  dioxide  is  decomposed  by  the  silent 
electric  discharge,  the  amount  of  decomposition 
varying  with  the  degree  of  dryness  of  the  gas, 
the  intensity  of  the  discharge,  and  the  form  of 
ozoniser  employed,  but  in  all  cases  a diminished 
pressure  of  the  gas  results  in  a greater  decompo- 
sition (Holt,  Chem.  Soc.  Proc.  1908,  24,  271). 

Ultra-violet  light  decomposes  dry  carbon 
dioxide  at  the  ordinary  temperature  into  carbon 
monoxide  and  oxygen  ; similar  results  are  ob- 
tained by  the  action  of  radium  emanations 
(Herschfinkel,  Compt.  rend.  1909,  149,  395  ; 
Ramsbottom,  Chadwick,  and  Chapman,  Chem. 
Soc.  Proc.  1906,  23). 

It  is  partly  changed  to  carbon  monoxide  and 
oxygen  by  heating  to  1300°  in  a porcelain  tube 
(Deville,  Compt.  rend.  56,  729  ; also  Berthelot, 
ibid.  68,  1035). 

When  heated  at  350°  with  hydrogen  over 
reduced  nickel  or  cobalt,  it  is  completely  reduced 
to  methane  (Sabatier  and  Senderens,  ibid.  1902, 
134  689). 

With  carbon  at  500°-650°,  it  forms  carbon 
monoxide,  equilibrium  being  reached  when  the 
mixture  of  gases  contains  61  p.c.  unreduced  CO  2 
(Boudouard,  ibid.  1899,  128,  824,  1524  ; 1905, 
141,  252). 

Mixed  with  hydrogen  and  heated  to  bright 
redness,  or  submitted  to  induction  sparks, 
carbon  monoxide  and  water  are  formed ; if 
the  water  is  removed,  the  whole  is  converted 
to  carbon  monoxide  (Dixon,  Chem.  Soc.  Trans. 
49,  94  ; Gautier,  Bull.  Soc.  chim.  1906,  35,  929). 
A mixture  of  carbon  dioxide  and  hydrogen 
passed  over  red-hot  pumice  yields  carbon  and 
water  (Dubrunfaut,  Compt,  rend.  74,  125). 

Mixed  with  sulphur-vapour  and  passed 
through  a red-hot  tube  it  gives  carbon  monoxide, 
sulphur  dioxide,  and  a little  carbon  oxy sulphide 
(Berthelot,  Bull.  Soc.  chim.  [2]  40,  362).  Passed 
through  a red-hot  tube  with  sulphuretted 
hydrogen,  it  forms  carbon  monoxide,  water,  and 
sulphur  (Kohler,  ibid.  11,  205).  Reduced  to 
carbon  monoxide  by  hydrogen,  iron,  and  zinc 
or  copper  which  has  occluded  hydrogen  (Tissan- 
dier,  Compt.  rend.  74,  531 ; Schrotter,  Wied.  Ann. 
34,  27)  ; by  potassium  cyanide  (Eiloart,  Chem. 
News,  54,  88)  ; by  protoxides  of  iron  and  tin 
(Wagner,  Zeitsch.  anal.  Chem.  1879,  559)  ; and 
partially  by  ferrous  sulphate,  and  a little  water 
in  a closed  tube  (Horsford,  Ber.  6,  1390). 

Carbon  dioxide  is  reduced  to  carbon  by 
heating  with  potassium,  sodium,  magnesium,  or 
silicon  (Schmole,  J.  Soc.  Chem.  Ind.  1895,  1060). 
Alkaline  carbonates  heated  strongly  with  phos- 
phorus or  boron  give  carbon  dioxide,  which  is 
reduced  to  carbon  (Tennant,  Crelles  Annalen, 
[1793]  1,  158;  Dragendorff,  J.  1861,  111; 
Leeds,  Bull.  Soc.  Chim.  12,  1834  and  2131)  ; 
decomposes  moist  potassium  iodide  at  high 
temperatures,  yielding  hydriodic  acid  (Papa- 
sogli,  Gazz.  chim.  ital.  1881,  227)  ; it  also 
decomposes  alkaline  aluminates  (Ditte,  Compt. 


CARBON. 


69 


rend.  1893,  116,  386)  ; and,  according  to  Moore, 
liberates  nitrous  acid  from  nitrites  (J.  Amer. 
Chem.  Soc,  1904,  26,  959).  Solution  of  carbon 
dioxide  in  water  yields  sodium  formate  with 
metallic  sodium  (Kolbe  and  Schmidt,  Annalen, 
119,  251).  Carbon  dioxide  is  assimilated  by  the 
chlorophyll  of  plants  under  the  influence  of 
sunlight,  carbon  being  abstracted  and  oxygen  set 
free.  Carbon  dioxide  diffuses  through  caoutchouc 
(Kobbe,  Chem.  Zeit.  1890,  14.  1142). 

The  specific  heat  of  carbon  dioxide  is  greater 
at  high  than  at  ordinary  temperatures  (Berthelot 
and  Vieille,  Compt,  rend.  98,  770  and  852). 
According  to  Hoppe-Seyler  (Zeitsch.  physikal. 
Chem.  10,  201,  and  10,  401),  the  carbonic  acid 
and  marsh  gas  found  in  water-logged  soils  is  due 
to  a widespread  process  of  fermentation  of 
cellulose. 

In  any  working-  or  living-room  the  carbon 
dioxide  should  not  be  more  than  10  volumes  per 
10,000  of  air. 

To  estimate  the  carbon  dioxide  in  air,  a 
measured  sample  of  the  air  is  passed  through  a 
known  quantity  of  barium  hydroxide,  coloured 
with  phenolphthalein,  and  by  noting  the  quantity 
of  air  needed  to  decolourise  the  hydroxide  the 
carbon  dioxide  can  be  calculated.  The  method 
is  sometimes  modified  by  using  a hmited  volume 
of  air,  and  titrating  the  hydroxide  remaining 
unneutralised  (Ballo,  Ber.  1884,  1097  ; Wiener, 
Monatsh.  1894,  15,  429  ; Henriet,  Compt.  rend. 
1896,  123,  125  ; Woodman,  J.  Amer.  Chem.  Soc. 
1903,  25,  150  ; Jean,  Compt.  rend.  1902,  135, 
746;  J.  Pharm.  Chim.  1903,  27,  418;  Pecoul 
and  Levy,  J.  Soc.  Chem.  Ind.  1906,  655  ; Davies 
and  McLellan,  ibid.  1909,  232). 

Carbon  dioxide  is  used  extensively  in  the  arts 
for  the  manufacture  of  aerated  waters,  in  sugar 
manufacture  for  separating  lime  from  the  juice  of 
the  sugar-cane,  in  bread  making,  and  for  raising 
and  clarifying  beer. 

It  is  also  employed  for  protecting  wines  from 
moulds  and  acetifying  organisms.  It  preserves 
their  aroma  and  bouquet,  and  makes  the  wine 
fresher,  sweeter,  and  stronger.  Wines  can  also 
be  revivified  by  the  gas  (Piaz,  J.  Soc.  Chem. 
Ind.  1894,  266  ; 1903,  644  ; Pini,  Bull,  de 

r Assoc,  des  Chim.  1898,  15,  741).  It  also  pos- 
sesses antiseptic  properties  and  retards  the  putre- 
faction of  meat  (Kolbe,  J.  pr.  Chem.  [2]  28,  61). 
It  has  also  been  proposed  to  use  it  as  a motive 
power  where  fuel  is  expensive  (Herbert,  Chem. 
Zentr.  1885,  543,  558,  572). 

Mixed  with  acetylene  (about  5-8  p.c.),  it 
decreases  the  smokiness  of  the  flame  and  prevents 
the  clogging  of  the  burners  (J.  Gas  Lighting, 
1898,  72,  916). 

Liquid  carbon  dioxide  (Buchner,  Zeitsch. 
physikal  Chem.  1906,  54,  665)  can  be  obtained 
in  large  quantities  by  an  apparatus  described  by 
Thilorier  (Annalen,  30,  122).  Natterer  com- 
pressed carbon  dioxide  by  a specially  constructed 
air-pump  (J.  pr.  Chem.  35,  169)  ; v.  also  Gore, 
Phil.  Trans.  1861,  63).  It  is  prepared  from  bisul- 
phates by  the  action  of  carbonates,  the  apparatus 
consisting  essentially  of  a leaden  vessel  containing 
a solution  of  the  bisulphate  and  having  a stirring 
apparatus  and  gear  fixed  air-tight  to  it.  By 
means  of  a tube  and  pump  an  equivalent  quantity 
of  calcium  carbonate  (obtained  as  a waste 
product  in  the  manufacture  of  caustic  soda) 
suspended  in  water  in  a second  vessel  is  forced  | 


in  and  the  stirrer  set  in  motion.  The  liberated 
carbon  dioxide  is  dried  and  passed  into  a gaso- 
meter from  which  it  is  afterwards  condensed. 
An  apparatus  is  also  described  which  allows  the 
evaporation  and  expansion  of  liquid  carbon 
dioxide  to  take  place  round  a tube  containing  a 
solution  of  calcium  chloride.  The  latter  is  so 
cooled  that  it  may  be  used  for  the  manufacture 
of  ice.  The  carbon  dioxide  thus  used  is  passed 
over  moist  sodium  carbonate,  converting  it  into 
bicarbonate,  which  may  be  agam  used  in  the 
carbonic  acid  manufactory  (Thomas,  Zeitsch. 
angew.  Chem.  1900,  386).  (For  description  and 
figure  of  apparatus  for  liquifying  CO  2 and  for 
bottles  in  which  it  is  stored  and  sold,  see  Sisson, 
J.  Soc.  Chem.  Ind.  1904,  242.) 

Liquid  carbon  dioxide  may  be  bought  in  iron 
or  steel  bottles  containing  8 kilos,  (about  4000 
litres  of  the  gas  at  ordinary  temperature  and 
pressure),  costing  about  1 sh.  per  kilo.  It 
furnishes  the  cheapest  means  for  aerating 
waters,  and  is  used  for  raising  sunken  ships,  for 
driving  torpedoes,  for  extinguishing  fires,  for 
cooling  purposes,  and,  as  ‘ Pictet’s  fluid,’  for 
freezing  machines,  and  by  the  firm  of  Krupp, 
in  Essen,  for  the  condensation  of  steel  and  other 
metals,  and  is  further  suggested  as  a motive 
power  for  tramcars  and  balloons  (J.  Soc.  Chem. 
Ind.  4,  610). 

It  is  also  used  for  making  carbonates  and 
other  chemical  products,  for  filtering  and  sterilis- 
ing organic  liquids  (d’Arsonval,  Compt.  rend. 
1891,  112,  667),  and  in  Germany  for  the  genera- 
tion of  pressure  on  storage  casks  of  beer  to  the 
faucets  above  where  the  beer  is  drawn  for  con- 
sumption. In  Engineering,  Dec.  3,  1903,  a 
description  is  given  of  its  use  in  railway  signalling 
in  outlying  stations,  to  supply  the  motive  power 
for  working  the  signals,  so  as  to  avoid  the  expense 
of  compression  machinery  or  of  long  lengths  of 
connecting  pipes. 

Liquid  carbon  dioxide  is  colourless,  very 
soluble  in  alcohol,  ether,  and  volatile  oils,  but 
does  not  mix  with  water.  When  the  pressure  is 
suddenly  relieved,  part  of  the  carbon  dioxide 
immediately  vaporises,  producing  sufficient  cold 
to  solidify  the  remainder.  Landolt  allows  the 
liquid  to  evaporate  freely  into  woollen  bags,  and  » 
compresses  the  solid  carbon  dioxide  in  conical 
wooden  moulds  by  wooden  pistons  (Ber.  17,  309)  ; 
cf.  Purcell  (J.  Soc.  Chem.  Ind.  1892,  936  ; Eng. 
Pat.  13684,  1891).  A vessel  for  storing  solid 
carbon  dioxide  is  described  by  Heyl  and  Wultze 
(J.  Soc.  Chem.  Ind.  1904,  1215 ; Eng.  Pat. 
344957,  1904). 

An  apparatus  for  obtaining  small  and  large 
quantities  of  solid  carbon  dioxide  is  described 
by  Fechlu  (J.  pr.  Chem.  1903,  67,  423  ; J.  Soc. 
Chem.  Ind.  1903,  626)  ; also  by  Elsworthy  (J. 
Soc.  Chem.  Ind.  1905,  1231).  (For  an  apparatus 
for  collecting  solid  carbon  dioxide,  v.  Ducretet, 
Compt.  rend.  99,  235.) 

Solid  carbon  dioxide  is  a white,  flocculent, 
snow-like  mass,  melting  at  — 56‘7°  at  5 atmo- 
spheres pressure,  and  may  be  left  exposed  to  the 
air  foF'some  time  without  sensible  evaporation. 
An  air  or  spirit  thermometer  immersed  in  it 
sinks  to  —79°  ; it  can,  however,  be  placed  on  the 
hand  without  any  acute  sensation  of  cold.  By 
mixing  with  ether  its  refrigerating  power  is 
greatly  increased.  This  is  denied  by  Villard 
and  Jerry  (Z.c.)  but  the  temperature  sinks  to 
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— 85°  when  it  is  mixed  with  chloroform.  The 
temperature  can  readily  be  reduced  to  —90°  by 
passing  a current  of  air  through  the  mixture.  At 
5 mm.  pressure  the  temperature  of  soHd  carbon 
dioxide  soon  falls  to  —125°. 

Magnesium  powder  burnt  in  a dish  of  solid 
COg  deposits  carbon  (Brunner,  Ber.  1905,  38, 
1432). 

’ Compounds  of  Carbon. 

Carbon  tetrabromide  or  Tetrabrommethane 
CBr^.  White  lustrous  crystals  of  a character- 
istic pungent  smell;  m.p.  91°;  b.p.  189*5° 
with  slight  decomposition  ; b.p.  101°  at  50  mm. 
without  decomposition.  Occurs  in  two  enantio- 
tropic  forms  (Rothmund,  Zeitsch.  physikal. 
Chem.  1899,  664).  Insoluble  in  water  ; soluble 
in  alcohol,  ether,  and  chloroform.  Best  ob- 
tained by  action  of  bromine  on  carbon  disulphide 
in  presence  of  iodine  (Bolas  and  Groves,  Chem. 
Soc.  Trans.  1870,  161  ; 1871,  773). 

Carbon  tribromide  or  Hexabromide,  Tetm- 
hrommethyhne  dibromide  C2Brg.  Small  rect- 
angular prisms  obtained  by  action  of  bromine 
on  ethylene  di bromide  ; or  by  heating  CgHBrg 
with  bromine  and  water  at  170°.  Soluble  in 
carbon  disulphide ; insoluble  in  alcohol  and  ether. 
Decomposed  at  200°  into  C2Br4  and  Br2  (Reboul, 
Annalen,  124,  271). 

Carbon  dibromide,  Tetrabrommethylene  C2Br4. 
White  crystals  ; m.p.  53°  ; formed  by  action  of 
nascent  hydrogen  on  C2Brg  (Lowig,  Annalen,  3, 
292  ; Lennox,  Chem.  Soc.  Trans.  1862,  14,  209). 

Carbon  bromide,  Dibromacetylidene  C : CBrg ; 
b.p.  76°.  Prepared  from  tetrabromoethane  by 
removal  of  two  molecules  of  hydrobromic  acid. 
Spontaneously  inflammable  in  air  and  very 
explosive  (Lemoult,  Bull.  Soc.  chim.  1905,  43, 
193).  It  contains  a double  bond  (Lawrie,  Amer. 
Chem.  J.  1906,  36,  487). 

Chlortribrommethane  CClBrg.  Colourless 
plates ; m.p.  55° ; b.p.  160°.  Prepared  by 
heating  chloroform  with  bromine  at  250°,  and 
retaining  fraction  distilling  at  160°  (Besson, 
Compt.  rend.  1892,  114,  223). 

Dichlordibrommethane  CCl2Br2.  Fine  needles; 
m.p.  22°  ; b.p.  135°.  Obtained  from  chloroform 
by  action  of  bromine  as  above,  retaining  the 
'fraction  of  the  product  boiling  at  about  135° 
(Besson,  lx.). 

Trichlorbrommethane  CClgBr  ; m.p.  —21° ; 
b.p.  104°.  From  chloroform  and  bromine  (Besson, 
I.C.).  From  bromine  and  trichloracetic  acid 
(J.  H.  van’t  Hoff,  Ber.  1877,  678). 

Chlorotribromethylene  CClBr  : CBrg ; m.p. 
34°  ; b.p.  203°-205°  at  734  mm.  (Denzel,  ibid. 
1879,  2208). 

aa-dichloro-^^-dibromoethylene  CCI2 : CBr, ; 
b.p.  194°  (Bourgoin,  Bull.  Soc.  chim.  1875,  116" ; 
and  Denzel,  Annalen,  1879,  208). 

a^-dichloro-a^-dibromoethylene  CClBuCClBr; 
b.p.  172°  at  765  mm.  (Swarts,  Chem.  Zeiitr.  1899, 
i.  588). 

Trichlorobromoethylene  CCI2 : CClBr  ; m.p. 
-12°  to  -13°  ; b.p.  145°-148°  (Besson,  Compt. 
rend.  1894,  119,  88). 

Chloropentabromoethane  C2ClBr5 ; m.p.  170° 
Denzel,  Ber.  1879,  2207). 

aa-dichloro-a^^^-tetrabromoethane 

CClgBr-CBr^ 

Colourless  crystals ; m.p.  180°  (Denzel,  Ber. 
1879,  2207). 


a8-dichloro-aa)3)S-tetrabromoethane 

CClBr  2 -CClBr  2 

m.p.  191°  (Swarts.  Chem.  Zentr.  1899,  [1]  588). 

a^^-trichloro-aa^-tribromoethane 

CClBr2*CCl2Br 

m.p.  178°-180°  (Besson,  Compt.  rend.  1894,  88). 
^-tetrachlor  0 -aa-  dibromoethane 
CClBr2*CCl2 

Prisms  from  alcohol ; smells  like  camphor.  May 
be  sublimed  (Paternb,  Gazz.  chim.  ital.  1,  593  ; 
Bourgoin,  Bull.  Soc.  chim.  [2]  23,  4 ; Gossner, 
Chem.  Zentr.  1903,  ii.  1053). 

aa^^-tetrachloro-aj8-dibromoethane 

CCl2Br*CCl2Br 

Tables  from  alcohol  (Malaguti,  Ann.  Chim.  Phys. 
1846,  24  ; Gossner,  Chem.  Zentr.  1903,  ii.  1053). 

Fluorotribromomethane  CBrgF,  a colourless, 
heavy,  pleasant -smelling  liquid,  b.p.  107°/760 
mm.,  obtained  by  heating  carbon  tetrabromide 
at  50°-60°  with  silver  fluoride. 

Difluorodibromomethane  CBrgFa,  a mobile 
liquid,  b.p.  24*5°/760  mm.,  m.p.  below  —80°, 
formed  by  the  action  of  the  preceding  compound 
on  silver  fluoride  (Rathsburg,  Ber.  1918,  51, 
669). 

Carbon  tetrachloride  or  Tetrachlormethane 

CCI4  was  first  obtained  by  Regnault  (Annalen, 
1840,  [33]  332),  who  prepared  it  by  the  action  of 
chlorine  on  chlorform  in  sunshine  : 

CHCI3+CI2  = HCH-CCI4 

Dumas  afterwards  obtained  it  by  the  action 
of  chlorine  upon  marsh  gas  (Annalen,  1840,  [33] 
187).  It  can  also  be  prepared  by  passing  carbon 
disulphide  saturated  with  chlorine  through  a 
red-hot  tube.  The  mixture  of  carbon  tetra- 
chloride and  sulphur  chloride  thus  obtained  is 
treated  with  potash  or  milk  of  lime  and  the 
tetrachloride  distilled  off  (Kolbe,  Annalen,  1843, 
45,  41  ; 1845,  54,  146).  The  tetrachloride  may 
contain  carbon  disulphide  if  that  substance  was 
, in  excess,  or  if  the  heat  was  insufficient.  This 
may  be  removed  by  leaving  the  liquid  for  some 
time  in  contact  with  potash.  Geuther  removes 
the  carbon  disulphide  by  converting  it  into 
potassium  xanthate  by  dissolving  the  mixture 
in  alcohol,  adding  alcoholic  potash  so  long  as  the 
liquid  becomes  darker  in  colour,  and  heating 
gently  ; the  unaltered  tetrachloride  is  separated 
by  water  and  purified  by  washing  (Geuther, 
Annalen,  1858,  107,  212  ; and  Selmitz-Dumont, 
Chem.  Zentr.  1897,  ii.  265). 

The  complete  chlorination  of  carbon  disul- 
phide and  of  many  other  carbon  compounds  can 
be  more  readily  accompUshed  in  the  presence  of 
a chlorine  carrier.  Thus,  in  the  case  of  carbon 
disulphide,  bromine  has  been  used  (Crump, 
Chem.  News,  1886,  14,  154)  and  iodine,  both 
alone  (Morel,  Compt.  rend.  1877,  84,  1460) 
and  in  the  presence  of  metallic  iron  (Serra, 
Chem.  Xentr.  1899,  ii.  1098)  : antimony  penta- 
chloride  reacts  with  carbon  disulphide  alone, 
without  the  addition  of  chlorine.  The  mixture 
becomes  hot,  and  on  cooling  deposits  crystals 
of  antimony  trichloride  mixed  with  sulphur, 
whilst  carbon  tetrachloride  remains  in  solution 
(Hofmann,  Annalen,  1860,  115,  264). 

A large  number  of  other  substances  can  ba 
used  as  catalytic  agents,  e.g.  molybdenum  pen- 
tachloride  (Aronheim,  Ber.  1876,  1788),  the 
chlorides  of  phosphorus  and  arsenic,  and  also  a 


CARBON. 


71 


series  of  chlorides  of  metals,  especially  those  of 
the  iron  group.  In  the  presence  of  these  sub- 
stances, sulphur  chloride  reacts  readily  with 
carbon  and  excess  of  chlorine,  giving  carbon 
tetrachloride.  A stream  of  chlorine  is  led  over 
a red-hot  mixture  of  charcoal  and  sulphur. 
Carbon  disulphide  is  first  formed,  then  carbon 
tetrachloride  and  sulphur  monochloride ; the 
latter  then  breaks  up  into  chlorine  and  sulphur, 
and  the  process  begins  over  again.  The  carbon 
tetrachloride  prepared  in  this  way  is  usually 
contaminated  with  sulphur  chlorides  and  chlor- 
ethane  compounds  (Combes,  Chem.  Zentr.  1909, 

I,  326  ; J.  Soc.  Chem.  Ind.  1902,  272  and  1469). 
In  the  presence  of  manganese  chloride  the 
reaction  can  be  carried  out  with  precipitation  of 
sulphur,  which  can  be  used  to  manufacture  more 
carbon  disulphide  (Cote  and  Pierron,  ihid. 
1903,  962  ; Febvre,  ihid.  1905,  1189).  Other 
carbon  compounds  beside  carbon  disulphide 
can  be  completely  chlorinated.  Thus  chloro- 
form heated  with  iodine  chloride  at  165°  gives 
carbon  tetrachloride  (Friedel  and  Silva,  Bull. 
Soc.  chim.  1872,  537),  the  same  reaction  taking 
place,  to  a slight  extent,  in  the  presence  of 
aluminium  trichloride  instead  of  iodine  chloride 
(Monneyrat,  ihid.  1898,  262). 

Perchlormethyl  formate,  when  treated  vdth 
aluminium  chloride  in  the  proportion  of  50 
parts  to  1 of  chloride,  also  yields  carbon  tetra- 
chloride CC102*CCl3=CCl4-f-C02  (Hentschel, 

J.  pr.  Chem.  1877,  306). 

The  technical  preparation  of  carbon  tetra- 
chloride is  generally  carried  out  by  the  direct 
chlorination  of  carbon  disulphide  in  the  presence 
of  powdered  aluminium  chloride,  the  quantity 
of  catalyst  necessary  being  only  about  1 p.c.  of 
the  carbon  disulphide  used. 

CS2+3CI2  = CCl4-f  S2CI2 

The  sulphur  chloride  reacts  separately  with 
more  carbon  disulphide  in  the  presence  of  iron 
filings,  and  the  crystalline  sulphur  which  is 
formed  is  employed  again  in  the  manufacture 
of  carbon  disulphide  (Urbain,  Chem.  Zeit.  1902, 
1086 ; Breteau,  J.  Pharm.  Chim.  1908,  110 ; 
Urbain,  J.  Soc.  Chem.  Ind.  1902,  926  ; Eng.  Pat. 
13733). 

Later  modifications  of  the  process  consist  in 
the  further  chlorination  of  the  sulphur  mono- 
chloride,  in  the  presence  of  antimony  chloride,  be- 
fore treatment  with  carbon  disulphide  (Haworth 
and  Baker,  J.  Soc.  Chem.  Ind.  1906,  559), 
and  the  use  of  a solution  of  sulphur  in  sulphur 
monochloride,  in  a finely  divided  condition,  as 
a chlorine  carrier  (Acker  and  Strue,  ihid.  1908, 
833).  Instead  of  aluminium  chloride,  aluminium 
amalgam  has  been  employed  (Castner  Co.  ihid. 
1905,  903).  Under  this  patent,  the  resulting 
carbon  tetrachloride  is  purified  by  treatment 
with  a solution  of  alkaline  sulphide  containing 
free  alkali,  the  carbon  disulphide  being  removed 
as  thiocarbonate  (c/.  Dow  Chemical  Co.  U.S. 
Pat.  1204608 ; J.  Soc.  Chem.  Ind.  1916,  35, 
1271). 

The  Isco  Chemical  Co.  (U.S.  Pats.  1260621 
and  1260622)  treat  carbon  disulphide  containing 
free  sulphur  with  chlorine  in  presence  of  a 
catalyst  to  form  sulphur  dichloride  and  carbon 
tetrachloride,  and  an  additional  quantity  of 
carbon  disulphide  is  then  added  to  convert  the 
sulphur  dichloride  into  sulphur  monochloride. 


with  the  formation  of  more  carbon  tetrachloride. 
The  product  is  treated  with  sufficient  tin  to 
convert  the  sulphur  monochloride  into  sulphur, 
with  the  formation  of  stannic  chloride,  and 
after  separating  the  sulphur,  water  is  added 
to  hydrate  the  stannic  chloride,  and  the  carbon 
tetrachloride  is  recovered  from  the  mixture  by 
distillation. 

A number  of  electric-heating  processes  have 
been  suggested.  A mixture  of  sodium  chloride 
and  silica  is  heated  in  the  lowest  portion  of  a 
furnace  lined  with  magnesia,  and  provided  with 
three  sets  of  electrodes,  one  above  the  other. 
The  middle  electrodes  heat  a mass  of  coke,  and 
the  chlorine  from  the  alkali  chloride  reacts 
with  the  incandescent  carbon,  forming  carbon 
tetrachloride,  which,  after  passing  through  the 
arcs  between  the  third  set  of  electrodes,  is  dis- 
tilled off.  The  temperature  does  not  exceed 
2000°  (Machalske  and  Lyon,  J.  Soc.  Chem. 
Ind.  1903,  1298 ; Machalske,  Chem.  Zentr. 
1904,  1,  1069).  The  chlorine  can  also  be  supplied 
from  an  external  source,  the  cartoon  only  being 
heated  by  electricity  (Maywald,  J.  Soc.  Chem. 
Ind.  1907,  1253). 

Another  process  consists  in  heating  together 
lime,  calcium  chloride,  and  carbon  in  the  absence 
of  air  in  an  electric  furnace,  in  the  proportions 
indicated  by  the  equation 

2CaO +2CaCl2+  10C=4CaC2+2COCl2 

The  carbonyl  chloride  is  led  over  heated 
coke,  animal  charcoal,  or  pumice,  where  it  is 
decomposed  into  carbon  tetrachloride  and  carbon 
dioxide  by  surface  contact  (Machalske  and 
Darlington,  J.  Soc.  Chem.  Ind.  1906,  559). 

A mixture  of  calcium  chloride  and  coke, 
heated  in  the  electric  furnace  in  a stream  of 
chlorine,  also  yields  carbon  tetrachloride  (Mat- 
thews and  Darlington,  ihid.  1906,  1232). 

The  halogenation  of  metallic  or  other  car- 
bides, such  as  acetylene,  also  yields  carbon 
halides,  so  long  as  the  temperature  is  kept 
below  the  dissociation  point  of  the  halide 
required  (Blackmore,  ihid.  1908,  712). 

Carbon  tetrachloride  is  a transparent  colour- 
less lic[uid,  with  a pungent  aromatic  odour ; 
m.p.  —22-7°;  b.p.  76-74°;  andsp.gr.  1-63195, 
0°/4°  (Thorpe,  Chem.  Soc.  Trans.  1880,  201)  ; 
76-96°  (corr.)  (Thorpe  and  Rodger)  ; (Moles, 
Anal.  Fis.  Quim.  1912,  10,  30).  Its  specific 
heat  increases  regularly  from  0-2010  at  0°  to 
0-2031  at  70°.  The  specific  heat  of  the  vapour 
falls  from  0-14  at  0°  to  0-115  at  70°  (Mills  and 
MacRae,  J.  Physical  Chem.  1911,  15,  54). 

The  vapour  pressure  of  carbon  tetrachloride 
has  been  measured  by  Schreinemakers  (Zeitsch. 
physikal.  Chem.  1904,  48,  445).  The  compressi- 
bility has  been  measured  by  Richards  and  Stull 
(Amer.  Chem.  J.  1904,  26,  408).  In  the  solid 
state  carbon  tetrachloride  is  trimorphous,  the 
three  modifications  melting  at  —28-6°,  —23-77°, 
and  —21-2°  respectively,  the  second  being  the 
form  usually  obtained  (Tammann,  W.  Ann. 
1898,  489).  The  refractive  index  for  the  line 
F is  1-4726,  and  for  the  line  D is  1-4658  (Glad- 
stone, Chem.  Soc.  Trans.  1886,  623). 

Its  dielectric  constant  has  been  measured 
by  Turner  (Zeitsch.  physikal.  Chem.  1900,  385), 
Drude  (Zeitsch.  physikal.  Chem.  23,  267), 
and  Veley  (Phil.  Mag.  [6J  11,  73).  Its  solu- 
bility in  water,  which  is  extremely  small. 
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has  been  measured  by  Rex  (Zeitsch.  physikal. 
Chem.  55,  355). 

It  is  soluble  in  alcohol  and  ether,  and 
dissolves  a large  number  of  organic  substances, 
especially  those  of  a fatty  nature,  whence  its 
wide  application  in  the  arts.  It  is  preferable  to 
carbon  disulphide  on  account  of  its  non-inflam- 
mability. With  sulphonated  oils  and  resins  it 
yields  a gelatinous  soap,  which  is  miscible  with 
water  (Stockhausen,  Chem.  Zentr.  1906,  ii.  731). 
It  yields  chlorine  and  lower  chlorides  of  carbon 
on  passing  through  a red-hot  tube  (Regnault, 
lx.).  When  mixed  with  hydrogen  and  passed 
through  a red-hot  tube  with  pumice,  it  yields 
marsh  gas  and  ethylene  (Berthelot,  Ann.  Chim 
Rhys.  1858,  53,  69). 

The  same  mixture  passed  over  reduced  nickel 
yields  hexachlorethane  (carbon  trichloride)  at 
270°.  With  excess  of  hydrogen  at  the  same 
temperature,  tetrachlorethylene  (carbon  dichlo- 
ride) is  obtained  (Sabatier  and  Mailhe,  Compt. 
rend.  1904,  138,  407). 

Mixed  with  sulphuretted  hydrogen  and 
passed  through  a red-hot  tube,  the  vapour  of 
carbon  tetrachloride  yields  hydrochloric  acid 
and  carbon  sulphochloride  CSClg  (Kolbe, 
Annalen,  1843,  45,  41,  and  1845,  54,  146). 

Heated  under  pressure  with  oxygen  and 
water  at  250°,  it  forms  carbonyl  chloride  and 
carbon  dioxide  (Goldschmidt,  Ber.  1881,  [14] 
928).  In  alcohohc  solution,  and  treated  with 
potassium  amalgam,  it  yields  chloroform,  marsh 
gas,  and  methylene  chloride  (Regnault,  l.c.). 
Phosphorus  pentoxide  at  200°  acts  in  two 
ways  : in  the  first,  carbonyl  chloride  and  carbon 
dioxide  are  produced ; in  the  second,  in  the 
presence  of  more  phosphorus  pentoxide,  carbon 
dioxide  alone  is  obtained. 

2CCl4+P205=C0Cl2-fC02+2P0Cl3 
3CCl4+2P205=3C02+4POCl3 
(Gustavson,  Zeitsch.  f.  Chem.  1871,  615). 

A similar  reaction  takes  place  at  100°  with 
sulphur  trioxide,  carbonyl  chloride  being  formed : 

CCl4  + 2S03  = S2Cl2O5  + COCl2 
(Erdmann,  Ber.  1893,  26,  1993). 

With  the  oxides  of  many  metals,  a similar 
production  of  carbonyl  chloride,  together  with 
carbon  dioxide  and  the  chloride  of  the  metal, 
takes  place  (Demarcay,  Compt.  rend.  1887,  104, 
111  ; Quantin,  ibid.  1887,  104,  223  ; 1888,  106, 
1074 ; Delafontaine  and  Linebarger,  Amer. 
Chem.  J.  1896,  532). 

With  zinc  and  dilute  acid,  carbon  tetrachloride 
is  converted  into  hydrochloric  acid  and  chloro- 
form (Geuther,  l.c.).  Alcoholic  potash  slowly 
converts  it  into  potassium  chloride  and  carbonate 
(Regnault,  l.c.).  By  long-continued  action  at 
100°  in  sealed  tubes,  alcoholic  potash  converts 
it  partially  into  ethylene  (Berthelot,  Ann.  Chim. 
Phys.  1859,  109,  118).  With  alcoholic  potash 
and  aniline  it  yields  phenylfsocyanide  {cf. 
Chloroform).  With  phenylamine  it  yields  di- 
phenylaminobenzamide  (Hofmann,  Proc.  Roy. 
Soc,  9,  284,  and  10,  184  ; Wieth,  Ber.  1877,  10, 
358  ; Michler  and  Walder,  Ber.  1881,  14,  2174), 
a reaction  facilitated  in  presence  of  a copper- 
mercury  couple  (Hartung,  Chem.  Soc.  Trans. 
1918,  113,  163).  By  the  action  of  sulphur  at 
220°,  a number  of  sulphochlorides  of  carbon 
are  formed,  the  final  product  being  carbon 
disulphide  (Klason,  Ber.  1887,  20,  2376).  It  is 


decomposed  at  200°  by  molecular  silver,  being 
converted  into  hexachlorethane  CgClg  (Gold- 
schmidt, Ber.  1881,  14,  927).  By  heating  with 
aluminium  bromide  it  is  readily  converted  into 
carbon  tetrabromide  (Gustavson,  Bull.  Soc. 
chim.  1881,  556). 

Heated  in  a sealed  tube  for  10  hours  at 
130°  with  hydriodic  acid,  carbon  tetrachloride 
yields  iodoform  and  hydrochloric  acid  (Walfisz, 
ibid.  1893,  7,  256).  Acetylene  reacts  with 
carbon  tetrachloride,  yielding  free  carbon  in  a 
very  finely  divided  form,  hydrochloric  acid  being 
formed  at  the  same  time  (Sandman,  Chem.  Soc. 
Abstr.  1902,  82,  i.  581).  Carbon  tetrachloride 
reacts  with  benzene  in  the  presence  of  aluminium 
trichloride,  giving,  as  chief  product,  diphenyl- 
dichloromethane,  CCl2(C6H5)2  (Boeseken,  Chem. 
Soc.  Abstr.  94,  i.  189).  Carbon  tetrachloride 
absorbs  ozone,  giving  a blue  solution. 

In  its  physiological  action,  carbon  tetra- 
chloride strongly  resembles  chloroform. 

Its  popularity  as  a solvent  in  the  arts  has 
been  somewhat  diminished  by  the  increasing 
manufacture  of  tetrachlorethane  C2CI4H2,  as 
the  latter  is  more  indifferent  toward  metals,  and 
is  readily  produced  by  the  action  of  chlorine  on 
a double  compound  of  antimony  pentachloride 
and  acetylene  (D.  R.  P.  154657,  1906). 

Carbon  trichloride,  Carbon  hexachloride, 
Tetrachlorethylene  dichloride,  Hexachlorethane, 
Perchloi ethane  C^Clg,  discovered  by  Faraday 
(Phil.  Trans.  1821,  47);  also  investigated  by 
Regnault  (Ann.  Chim.  Phys.  1838,  [2]  69,  166, 
and  1839,  [2]  71,  371 ).  Is  obtained  by  the  action 
of  chlorine  in  sunshine  upon  various  derivatives 
of  ethyl  and  ethylene  ; on  carbon  dichloride  ; on 
ethylene  chloride  (Faraday,  Lc.) ; and  also  (Liebig, 
Annalen,  1,  219)  on  ethyl  chloride,  first  in  the 
shade,  afterwards  in  sunshine  (Laurent,  Ann. 
Chim.  Phys.  1837,  [2]  64,  328) ; on  mono-,  di-, 
or  tri-chlorinated  ethyl  chloride  (Regnault,  l.c.)  ; 
on  ethyl  sulphite  (Ebelmen  and  Bouquet,  ibid. 
1846,  [3]  17,  66) ; on  ethyl  oxide  (Regnault)  ; on 
hydrochloride  of  ethy  famine  (Geuther  and 
Hof  acker,  Annalen,  1858,  108,  51)  (in  this  process 
some  chloride  of  nitrogen  is  produced) ; by 
passing  the  tetrachloride  through  a red-hot  tube 
(Kolbe,  Annalen,  1845,  54,  147)  ; by  distilling 
perch  lore thylic  oxide,  and  repeatedly  treating 
the  distillate  with  water  (Malaguti,  Ann.  Chim. 
Phys.  1846,  [3]  16,  14)  ; by  heating  carbon 
tetrachloride  with  copper  powder  at  120° 
(Radziszewski,  Ber.  1887,  17,  834)  or  with 
molecular  silver  at  200°  (Goldschmidt,  ibid. 
1881,  14,  928) ; by  heating  acetyl  chloride 
with  excess  of  phosphorus  pentachloride  at 
180°  (Hiibner  and  Muller,  Zeitsch.  f.  Chem. 
1870,  328)  ; by  heating  propyl  chloride  or  iso- 
butyl  chloride  with  iodine  trichloride  at  200° 
(Krafft  and  Merz,  Ber.  1875,  8,  1298)  ; by  treating 
pentachlorethylchloroformic  ester  with  aluminium 
chloride  (Muller,  Annalen,  1890,  258,  63). 

Carbon  trichloride  crystallises  from  a mixture 
of  alcohol  and  ether  in  right  rhombic  prisms 
(Gossner,  Chem.  Zentr.  1903,  ii.  1052).  Colour- 
less, transparent,  and  nearly  tasteless,  but  having 
an  aromatic  odour  resembling  that  of  cam- 
phor ; sj).gr.  2-0 ; m.p.  184°-186°  (Bolton, 
Zeitsch.  Elektrochem.  1902^  8,  165 ; 1903, 

9,  209),  volatilising  even  at  ordinary  tempera- 
tures ; b.p.  185°  (Hahn,  Ber.  1878,  11,  1735). 
Insoluble  in  water  ; soluble  in  alcohol  and  ether. 
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and  in  all  oils.  Converted,  by  repeated  distilla- 
tion, into  the  dichloride  and  free  chlorine. 
Burns  with  a red  light  in  the  flame  of  a spirit 
lamp.  Mixed  wth  hydrogen  and  passed  through 
a red-hot  tube,  it  yields  dichloride  and  hydro- 
chloric acid  (Geuther,  lx.).  Metals  heated  in 
its  vapour  form  metalhc  chlorides,  charcoal 
being  deposited.  Heated  in  sealed  tubes  with 
potassium  hydroxide,  it  yields  potassium  oxalate 
and  chloride 

C2C]6+8KH0=K2C204-1-6KC1+4H20 

(Geuther,  J.  1859,  277).  The  same  products  to- 
gether with  hydrogen  and  ethylene  are  formed 
when  it  is  heated  with  alcohohc  potash  in  sealed 
tubes  (Berthelot,  Annalen,  1859,  109,  118). 

Reducing  agents  such  as  zinc  and  dilute 
sulphuric  acid,  or  alcohohc  potassium  hydrogen 
sulphide  (Regnault,  l.c.),  reduce  it  to  tetrachlor- 
ethylene  (carbon  dichloride).  The  same  reaction 
takes  place  when  it  is  heated  with  silver  at  280°. 
Sulphur  trioxide  acts  upon  it  at  150°  according 
to  the  equation 

CCl3-CCl3+2S03=CCl3-C0Cl+S205Cl2 

(Prudhomme,  Annalen,  1870,  156,  342). 

Carbon  dichloride,  Tetrachlorethylene  CgCl^ 
(Faraday,  Phil.  Trans.  1821,  47  ; Regnault, 
Ann.  Chim.  Phys.  1839,  [2]  70  ; [2]  71,  372),  is 
formed  as  a liquid  coloured  with  chlorine  when 
the  vapour  of  carbon  trichloride  is  passed 
through  a red-hot  tube  filled  with  fragments  of 
glass.  It  is  purified  by  passing  it  repeatedly 
through  a red-hot  tube,  then  shaking  up  with 
mercury  and  rectifying  at  a low  temperature 
(Faraday).  More  easily  obtained  by  adding 
carbon  trichloride  in  small  portions  to  an  alcoholic 
solution  of  hydrogen  potassium  sulphide,  as  long 
as  sulphuretted  hydrogen  is  given  off.  The  liquid 
is  distilled  and  carbon  dichloride  separates  from 
the  distillate  on  dilution  with  water  (Regnault, 
l.c)  ; or  by  reduction  of  carbon  trichloride  with 
zinc  and  sulphuric  acid.  Mobile  liquid  of  sp.gr. 
1‘619  at  20°  (Regnault),  1'612  at  10°  (Geuther)  ; 
b.p.  122°  (Regnault),  116°  (Geuther)  ; 120‘74° 
(corr.)  ; sp.gr.  P6551  0°/4°  (Thorpe  and  Rodger) ; 
remains  liquid  at  —18°,  and  does  not  conduct 
electricity.  Insoluble  in  water,  acids,  and 
alkalis,  but  dissolves  in  alcohol  and  ether,  and 
oils.  Decomposed  at  a red  heat  into  the 
hexaclorohenzene  CgClg  and  free  chlorine.  When 
its  vapour  is  passed  over  baryta  at  a red  heat, 
it  is  decomposed  with  vivid  ignition  into  barium 
chloride,  carbon  dioxide,  and  charcoal.  It 
absorbs  bromine  in  the  sunshine,  forming 
carbon  chlorolromide  C2Cl4Br2.  It  is  converted 
by  continued  heating  to  200°  with  potassium 
hydroxide  into  potassium  oxalate  and  chloride, 
hydrogen  being  given  off  (Geuther,  Annalen, 
247).  It  absorbs  dry  chlorine  in  sunshine, 
forming  the  trichloride,  but  is  converted  into 
trichloracetic  acid  when  exposed  to  an  atmosphere 
of  chlorine  under  water 

C2CI4+2H2O  + CI2  = 3HCI+C2HCI3O2 
(Kolbe,  Annalen,  1845,  54,  181). 

as-Heptachloropropane  CgClio?  a crystalline 
substance,  m.p.  32°,  formed  by  the  action  of 
phosphorus  pentachloride  on  pentachloroace- 
tone  ; also  obtained  by  the  direct  addition  of 
chloroform  to  tetrachloroethylene  under  the 
influence  of  aluminium  chloride  (Boeseken 
and  Prins). 


Hexchlorobenzene  CgClg ; m.p.  225° ; dis- 
covered in  1821  by  Julin  and  investigated  by 
Phillips  and  Faraday  (Phil.  Trans.  1821),  and 
by  Regnault  (Ann.  Chim.  Phys.  [2]  70,  144), 
who  prepared  it  by  passing  the  vapour  of 
chloroform  or  tetrachlorethylene  through  a 
porcelain  tube  filled  with  fragments  of  porcelain 
and  heated  to  redness.  Obtained  from  methylene 
chloride  by  ICl  or  ICI3  (Holand,  Annalen,  240, 
234)  ; the  crystalline  product  is  dissolved  in 
ether,  filtered,  evaporated  to  dryness,  and 
sublimed.  Obtained  by  Hugo  Muller  as  a 
final  product  of  the  action  of  antimony  penta- 
chloride or  chlorine  in  presence  of  iodine  on 
benzene.  It  is  also  obtained  by  sending  a 
current  of  5 ’5  amperes  and  42  volts  for  ^ hour 
between  carbon  electrodes  in  an  atmosphere  of 
chlorine.  If  a higher  current  and  voltage  are 
used,  and  it  is  continued  for  much  longer,  the 
trichloride  CaClg  is  formed.  Bromine  yields 
similar  compounds  (Bolton,  l.c.).  Forms  white 
delicate  needles  with  a silky  lustre,  tasteless, 
but  with  an  odour  resembhng  spermaceti ; 
sublimes  without  fusion  at  120°. 

Insoluble  in  water,  acids,  and  alkalis,  but 
soluble  in  alcohol,  ether,  and  hot  oil  of  turpen- 
tine. Decomposed  into  chlorine  and  charcoal 
on  passing  through  a red-hot  porcelain  tube 
filled  with  glass  or  rock  crystal.  Burns  with  a 
bluish  colour  in  the  flame.  Potassium  burns  on 
being  strongly  heated  in  its  vapour.  Formerly 
regarded  as  carbon  monochloride : molecular 
formula  established  by  Bassett  (Chem.  Soc. 
Trans.  [2]  5,  443). 

Carbon  tetraiodide,  Tetraiodomethane  CI4. 
Dark-red  octahedra  ; sp.gr.  4 '32  ; obtained  by 
action  of  aluminium  iodide  on  a mixture  of 
carbon  tetrachloride  and  disulphide  (Gustavson, 
Ber.  14,  1705).  For  other  methods,  see  Spindler, 
Annalen,  231,  257  ; Moissan,  Compt.  rend.  113, 
19  ; Robineau  and  Rollin,  Chem.  Centr.  1894, 
i.  1140 ; Lantenois,  Compt.  rend.  1913,  156, 
1385. 

Carbon  nitride  {v.  Cyanogen,  art.  Cyanides). 

Carbon  snbnitride  C4N2  has  been  obtained 
by  Moureu  and  Bongrand  (Compt.  rend.  1910, 
150,  225)  by  removing  two  molecules  of  water 
from  the  diamide  of  acetylene  dicarboxylic  acid. 
CONHa-C  : C CONHa-N  • C C : C C : N+2H2O. 
It  forms  fine  white  needles  ; m.p.  20‘5°-21°  ; 
b.p.  76°  at  753  mm.,  and  its  vapour  has  an 
odour  and  an  irritating  action  resembling  that  of 
cyanogen.  It  is  readily  combustible,  and  takes 
fire  spontaneously  at  130°,  burning  with  a 
purple  flame,  also  resembling  that  of  cyanogen. 
It  has  an  abnormally  high  molecular  refraction 
and  dispersion,  and  a density  of  0‘9703  at  25°/4°. 
For  its  behaviour  towards  ammonia  and  amines, 
see  Moureu  and  Bongrand,  Compt.  rend.  1914, 
158,  1092. 

Carbon  oxychloride  COClg,  Carbonyl  di- 
chloride, Chlorocarbonic  acid,  Phosgene  gas. 
First  obtained  by  J.  Davy  by  action  of  sunlight 
on  mixture  of  carbon  monoxide  and  chlorine. 
(For  details  of  this  mode  of  prejiaring  it,  v.  Em- 
meling  and  Lengyel,  Annalen  Sujipl.  7,  101,  and 
Wilm  and  Wischin,  ibid.  J47,  450.)  By  passing 
the  gases  over  heated  animal  charcoal  combina- 
tion occurs  in  the  dark.  Also  obtained  by 
passing  carbon  monoxide  into  boiling  antimony 
pentachloride  (Hofmann,  ibid.  70,  .129;  Butle- 
row,  Zeitsch.  f.  Chem.  1863,  484 ; Kraut, 
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Gm.-K.  I 2,  380)  ; by  heating  carbon  tetra- 
chloride with  zinc  oxide  in  closed  tubes  at  200°, 
or  by  mutual  action  of  carbon  tetrachloride 
and  carbon  monoxide  at  400°  ; or  by  heating  a 
mixture  of  chloroform,  potassium  dichromate, 
and  sulphuric  acid  (c/.  Plotnikow,  J.  Russ. 
Phys.  Chem,  Soc.  1916,  48,  457). 

Carbon  oxychloride  is  a colourless  liquid, 
boihng  at  8*2°,  and  of  sp.gr.  P432  0/4°.  Soluble 
in  acetic  acid  and  benzene ; decomposed  by 
water:  COClg+HaO  = CO2+2HCI.  Withalcohol 
forms  chlorocarbonic  ester  ChCOOCgHg.  Com- 
bines with  ammonia  to  form  mea  and  ammo- 
nium chloride.  With  aniline  it  forms  diphenyl- 
urea.  Its  presence  in  air  may  be  detected  by 
this  reaction  (Kling  and  Schmutz,  Compt.  rend. 
1919,  168,  773). 

Carbonyl  cyanide  CO(CN)2  is  a yellow  amor- 
phous non-volatile  solid,  formed  by  subjecting 
a mixture  of  carbon  monoxide  and  cyanogen 
to  the  ultra-violet  rays  from  a mercury-quartz 
lamp.  It  dissolves  in  alkahs,  forming  a yellow 
solution,  and  slowly  hydrolyses  on  the  addition 
of  acid,  giving  carbon  dioxide  and  hydrogen 
cyanide  (D.  Berthelot  and  Gaudechon,  Compt. 
rend  1913,  156,  1766). 

Carbon  disulphide,  Thiocarbonic  anhydride, 
Sulphocarbonic  acid  CSo.  This  compound  was 
discovered  by  Lampadius,  in  1796,  by  heating 
pyrites  with  charcoal.  Clement  and  Desormes, 
in  1802,  in  examining  the  action  of  sulphur  on 
red-hot  charcoal,  obtained  the  same  product. 
Its  nature  was  estabhshed  by  Vauquelin. 

Manufacture. — Schrotter  in  Germany,  and 
Peroncel  in  France,  first  prepared  carbon  disul- 
phide on  a manufacturing  scale.  Schrotter  em- 
ployed a cylinder  of  Hessian  clay  in  which  the 
charcoal  was  heated  ; the  sulphur  was  introduced 
through  a hole  near  the  bottom,  to  the  upper  end 
was  fixed  an  exit  tube  for  the  vapour  of  the 
carbon  disulphide  formed.  The  apparatus  pro- 
duced about  20  kilos,  of  the  disulphide  in  12  hours. 

Deiss  and  Fisher  employed  cast-iron  cy finders 
in  which  the  vapour  of  sulphur  passed  over 
charcoal  heated  to  redness.  Fireclay  retorts 
glazed  internally  to  prevent  the  escape  of 
vapour  through  the  pores  were  also  used,  each 
cylinder  was  about  5 feet  high  and  nearly  20 
inches  diameter.  Four  retorts  were  arranged 
in  a single  furnace  in  such  a way  that  the 
flame  of  the  fire  could  play  entirely  round 
them.  Each  retort  was  divided  internally  into 
two  parts  by  means  of  a perforated  shelf  ; the 
upper  compartment,  which  was  the  larger  of 
the  two,  served  to  contain  the  charcoal,  which 
could  be  thrown  in  through  a special  open- 
ing in  the  fid  without  interrupting  the  working. 
A second  opening  in  the  top  of  the:  retort  was 
pro  voided  with  a tube  about  2 inches  in  dia- 
meter, which  led  directly  into  the  lower  com- 
partment, and  was  used  to  throw  in  sulphur  as 
required.  The  vapour  of  carbon  disulphide  which 
was  formed  during  the  process  was  conducted 
through  a delivery  pipe  connected  with  a third 
opening  in  the  retort  into  the  condensers.  The 
four  retorts,  having  been  filled  with  charcoal  and 
the  fids  closed,  were  heated  to  redness  by  a coal 
fire.  Pieces  of  sulphur  wrapped  in  cylindrical 
paper  packets  were  then  dropped  in  the  pipes 
leading  to  the  lower  partitions  of  the  retorts. 
Two  such  packets,  each  containing  about 
oz.  of  sulphur,  were  thrown  in  at  intervals  of 


about  3 minutes,  tne  openmg  at  the  end  of 
each  tube  being  closed  at  each  successive  addi- 
tion. The  charcoal  was  renewed  every  7 
hours,  and  was  heated  about  an  hour  and 
three-quarters  each  time  before  the  necessary 
temperature  was  attained  for  its  combination 
with  sulphur.  The  vapour  of  carbon  disulphide 
mixed  with  that  of  sulphur  escaped  through  the 
delivery  tubes,  passing  into  the  first  row  of  con- 
densers, where  it  was  partially  condensed,  to- 
gether with  some  sulphur ; the  undissolved 
sulphur  was  recovered  and  used  over  again. 
Thence  the  uncondensed  vapours  passed  on  into 
the  second  row  of  condensers,  and  so  on  till  the 
last  row.  The  condensers,  amounting  to  18  or 
20  in  all,  were  connected  together  by  pipes,  the 
last  of  which  was  connected  with  the  chimney  of 
the  works,  or  better,  with  vessels  or  tubes  con- 
taining layers  of  pulverised  lime  to  absorb  the 
sulphuretted  hydrogen  which  would  otherwise 
create  a nuisance  in  the  neighbourhood  of  the 
factory. 

The  condensers  were  made  of  sheet  zinc, 
were  cylindrical  in  shape  and  about  26  inches  in 
diameter,  bottomless,  with  slotted  sides,  and 
stood  in  a kind  of  shallow  cistern  containing 
water  a little  deeper  than  the  openings,  so  as  to 
form  a water  lute,  permitting  the  passage  of  the 
condensed  liquid  while  closing  the  exit  against 
v^apours.  The  fids  of  these  condensers  were  fur- 
nished with  rims  forming  a kind  of  saucer,  con- 
taining water  to  assist  in  the  condensation  of 
the  vapour.  Each  fid  had  two  openings  in  the 
form  of  tubulures,  into  which  the  pipes  were 
fixed  for  the  transmission  of  the  vapours  from 
condenser  to  condenser. 

Gerard  employed  a vessel  of  cast  iron  6|-  feet  in 
height,  about  4 feet  8 inches  in  diameter,  and  sides 
If  inch  thick  (Fig.  15).  The  retort  was  elliptical 


in  section,  stood  upon  a brickwork  arch,  and  was 
heated  from  below  by  a fire.  Near  the  bottom 
was  a pipe  fitted  with  a valve,  through  which 
sulphur  could  be  introduced  into  the  cylinder. 
At  the  upper  extremity  was  a wide  pipe  which 
could  be  closed  with  a fid,  and  served  for  the 
introduction  of  charcoal  into  the  apparatus. 
Another  pipe,  cast  in  one  piece  with  the  upper 
one,  sloped  forward  and  passed  into  a receiver  in 
which  the  sulphur  which  passed  over  during  the 
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operation  was  condensed,  and  could  be  easily  re- 
moved by  opening  a valve  in  a tubulus  placed 
at  a bend  in  the  pipe  ; the  more  volatile  carbon 
disulphide  passed  forward  into  the  condensers. 
The  condenser  consisted  of  three  vessels,  cyhn- 
drical  in  form,  arranged  one  above  the  other, 
and  communicating  by  vertical  pipes.  The 
topmost  condenser  had  an  exit  pipe  for  sulphur- 
etted hydrogen,  &c.,  and  the  condensed  carbon 
disulphide  could  be  drawn  off  into  a receiving 
vessel  beneath  by  opening  a cock  in  a pipe 
proceeding  from  the  lower  condenser. 

The  three  condensers  were  contained  in  a 
tank  5 feet  high  and  5 feet  wide,  filled  with  water, 
which  could  be  renewed  at  pleasure. 

The  sulphur  was  added  in  portions  of  about 
3 lbs.  at  intervals  of  3 minutes.  The  oven  was 
heated  during  the  night  to  volatilise  the  sulphur, 
and  the  residual  charcoal  was  added  to  the  new 
charge.  This  apparatus  yielded  in  24  hours 
about  570  lbs.  of  carbon  disulphide,  consisting 
theoretically  of  480  lbs.  of  sulphur  and  90  lbs. 
of  carbon  ; in  practice  530  lbs.  of  sulphur  and 
242  lbs.  of  wood  charcoal  were  used.  Gerard 
found  it  advantageous  to  surround  the  generating 


vessels  with  brickwork,  which  rendered  them 
more  durable. 

Only  retorts  of  a certain  size  could  be  em- 
ployed, as,  when  they  were  too  large,  the  heating 
was  irregular,  causing  waste  of  sulphur.  When 
using  unrefined  sulphur,  the  retorts  needed 
cleaning  every  fortnight,  but  with  purified 
sulphur  they  could  be  kept  working  for  two 
months. 

The  present  mode  of  manufacture  is  thus 
described  by  Ignatius  Singer  (J.  Soc.  Chem.  Ind. 
8,  1889,  83)  (see  Fig.  16)  : 

A is  a vertical  cast-iron  retort,  or,  better  still, 
made  of  earthenware,  glazed  inside,  of  eUiptical 
shape,  about  66  inches  high,  and  20  by  12  inches 
internal  diameter.  It  rests  on  a support,  b, 
made  of  firebricks,  and  is  protected  by  a mantle 
of  best  firebricks,  c,  about  4 inches  thick,  leav- 
ing a space  of  from  ^ to  f inch  between  it  and 
the  retort.  The  metal  of  the  retort  should  not 
be  less  than  2 inches  in  thickness,  d is  the 
outer  brickwork  of  the  furnace  lined  on  the  in- 
side with  firebricks,  n' ; e,  e,  fire-grates  ; e', 
ash  pits  ; e,  furnace  doors,  made  of  frames,  a, 
into  which  a fire-proof  slab,  6,  is  inserted.  The 
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furnace  doors  are  suspended  by  cables  running  ’ 
over  pulleys,  and  are  counterpoised,  so  that  they 
can  be  raised  or  lowered.  At  d is  shown  a small 
peep-hole,  through  which  the  temperature  in  the 
furnace  may  be  watched.  In  the  lid  of  the 
retort  are  cast  two  tubes,  G and  g',  of  about  5 
inches  internal  diameter  and  not  less  than  1 
inch  in  thickness,  but  it  is  advisable  to  have 
them  made  somewhat  stronger,  as  the  lid  will 
then  outlast  several  retorts.  Over  the  openings, 
G,  a vent-pipe  or  flue,  h,  is  suspended  by  a lever, 
so  that  it  can  be  raised  or  lowered  at  will,  one 
end  of  which  passes  through  the  roof.  When 
fresh  charges  of  charcoal  are  to  be  introduced 
into  the  generator  a,  which  is  done  through  the 
tubulure  g',  the  lid  closing  the  tube  G is  first 
removed,  and  the  vent-pipe  h quickly  lowered, 
which  serves  the  purpose  of  earrying  off  the 
noxious  gases  that  would  otherwise  be  iniurious 
to  the  workmen,  g'  may  now  be  opened,  and 
the  carbon  fed  in  without  the  slightest  incon- 
venience. 

From  the  tubulure  g'  issues  a pipe,  i,  inclined 
upwards,  through  which  the  disulphide  of  carbon 
vapours  escape.  Most  of  the  free  sulphur  pass- 
ing over  will  condense  here  and  run  back  into 
the  retort.  But  the  partially  cooled  sulphur 


' falling  on  to  the  surface  of  the  incandescent 
carbon  would  be  immediately  vapourised  again, 
at  the  same  time  cooling  down  the  top  layer  of 
the  charcoal.  To  obviate  this.  Singer  suggests 
that  an  opening  should  be  made  in  the  lower 
part  of  the  pipe  i,  to  which  a hopper  can  be 
fitted,  as  shown  at  J,  terminating  in  an  earthen- 
ware pipe  K,  reaching  nearly  to  the  bottom  of 
the  retort.  By  this  means  the  sulphur  distilling 
over  uncombined  would  be  eonducted  back  to 
the  bottom  of  the  generator,  the  pipes  would  be 
less  liable  to  be  choked  up,  while  the  resulting 
product  would  be  purer. 

From  the  lower  end  of  the  retort,  close  to 
the  bottom,  a pipe  m branches  off,  a little 
upwards  inclined,  passing  through  the  brick- 
work and  terminating  in  a chamber  n,  with 
door  n.  During  work  this  pipe  is  carefully  closed 
by  a lid.  It  serves  the  purpose  of  raking  the 
ashes  out  of  the  retort,  which  is  done  once 
a week.  At  m a flue  is  shown,  carrying  the 
noxious  gases  into  the  chimney.  The  ashes 
are  allowed  to  cool  here  before  their  removal. 
Adjoining  this  chamber  is  a hearth  into  which 
an  iron  vessel,  o,  is  fitted,  for  melting  the  sul- 
phur. It  is  heated  by  a flue  from  the  furnace 
passing  underneath  it,  provided  with  a damper 
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to  regulate  the  heat.  (In  Fig.  16  this  sulphur 
vessel  is  raised  so  as  to  make  it  visible  in  the 
drawing. ) A pipe,  o',  closed  by  a conical  valve 
to  which  an  iron  rod,  o,  is  attached,  connects  the 
sulphur  pot  with  the  arm  m of  the  retort,  by 
which  means  the  sulphur  can  conveniently  be 
introduced  into  the  latter. 

The  sulphur  flowing  down  the  incline  of  the 
arm  m arrives  at  the  bottom  of  the  retort,  where 
it  is  volatilised  ; the  vapours,  passing  upwards, 
combine  with  the  carbon.  The  generated  di- 
sulphide vapours  escape  through  pipe  i,  and 
then  pass  down  the  vertical  tube  i'  into  a vessel 
P,  where  any  excess  of  sulphur  is  deposited. 
The  hd  of  this  vessel  rests  in  hydraulic  seals, 
and  is  connected  with  the  inlet  and  outlet  pipes 
by  a kind  of  telescopic  tube  made  air-tight  by 
water.  When  the  vessel  p is  to  be  removed,  the 
lid  is  raised,  the  vessel  taken  away,  another 
similar  one  put  in  its  place,  and  the  lid  lowered 
again.  This  should  be  done  once  a week  only, 
and  never  while  distillation  is  going  on. 

The  carbon  disulphide  vapours,  now  freed 
from  the  greater  part  of  uncombined  sulphur, 
pass  through  a Liebig’s  condenser,  l,  about 
30  feet  long,  into  a receiver,  s,  partially  filled 
with  water.  The  crosspiece  T,  connecting  the 
Liebig’s  condenser  with  the  receiver,  is  made  so 
that  it  can  be  detached — being  secured  at  v 
by  flanges  bolted  together,  and  at  by  water 
seal — for  purposes  of  cleaning,  &c.  From  here 
the  disulphide  is  allowed  to  run  through  a siphon, 
•p,  direct  to  the  storage  tanks.  A better  plan, 
however,  is  to  keep  the  storage  tanks  for  the 
crude  product  on  a high  level,  which  greatly 
facilitates  the  after-process  of  purification.  In 
this  case  the  disulphide  of  carbon  is  allowed  to 
flow  into  a montejus,  u,  as  shown  in  drawing, 
A pipe  q,  reaching  nearly  to  the  bottom,  is 
passed  through  the  cover  of  the  montejus  to  the 
high-level  tank.  A second  pipe,  r,  connects  the 
vessel  u with  a force-pump.  On  air  being 
pumped  into  u through  r,  the  stop-cocks  and 
p*  having  been  shut  off,  the  disulphide  is  pressed 
up  through  pipe  7 into  the  tank.  This  is  a far 
better  method  than  using  pumps,  as  in  the  latter 
it  is  difficult  to  prevent  leakage,  the  crude  di- 
sulphide having  a very  corrosive  action  on  most 
metals.  For  the  same  reason,  the  receivers, 
tanks,  &c.,  for  the  crude  substance  should  all  be 
lined  with  sheet-lead,  as  wrought-iron  vessels 
soon  perish,  while  copper  is  even  more  ener- 
getically acted  upon.  Cast  iron  withstands  cor- 
rosion much  better,  but  is  objectionable  on 
account  of  its  porosity.  This  might  be  remedied, 
however,  by  giving  the  vessels  repeated  coatings 
of  dilute  silicate  of  soda,  both  inside  and  out- 
side, the  vessels  being  first  slightly  heated  with 
steam  and  the  sihcate  apphed  while  warm. 

Near  to  the  top  of  the  receiver  s is  a pipe,  s, 
for  carrying  off  the  uncondensable  vapours — 
chiefly  sulphuretted  hydrogen.  The  gases  are 
conducted  into  a rectangular  vessel,  w,  where 
they  are  made  to  circulate  in  zigzag  over  a series 
of  shallow  trays  filled  with  a vegetable  oil,  to  ab- 
sorb any  disulphide  vapours  which  have  escaped 
condensation.  The  oil  can  be  made  to  trickle 
from  a reservoir,  x,  as  shown,  through  a goose- 
necked pipe,  which,  passing,  from  tray  to  tray 
in  an  opposite  course  to  that  of  the  gases,  finally 
trickles  through  x into  a receiver  y.  When  a 
sufficient  quantity  has  accumulated  here,  the 


disulphide  is  distilled  off  and  the  oil  returned  to 
X.  Before  the  gases  enter  this  absorber  they  are 
‘ washed  ’ by  making  the  end  of  the  pipe  s dip 
into  the  oil  as  shown  at  y whereby  the  apparatus 
is  disconnected  from  contact  with  air.  The  gases 
are  now  passed  through  a second  vessel,  z,  simi- 
lar in  construction  to  the  one  just  described,  only 
substituting  lime  or  oxide  of  iron  for  the  oil,  to 
absorb  the  II ^S,  and  are  then  allowed  to  escape 
into  the  open  air  through  the  pipe  z. 

Above  the  retort  a,  and  between  it  and  the 
chimney,  set  at  right  angles  to  each  other,  is 
a smaller  retort,  similar  in  construction  to  a,  but 
only  about  one-third  the  capacity  of  the  latter, 
and  is  heated  by  causing  the  products  of  com- 
bustion coming  from  the  furnace  to  circulate 
round  it  before  finally  passing  into  the  chimney. 
(Only  the  discharge  hole  h',  corresponding  to  the 
arm  m of  the  retort  a,  is  visible  in  the  drawing.) 
As  the  generator  a requires  fresh  charges  of  car- 
bon every  8 hours,  it  is  very  economical  to  keep 
this  small  retort  always  filled  with  charcoal, 
which  by  the  time  it  is  required  will  be  red  hot, 
and  no  more  time  need  be  lost  than  is  required 
for  transferring  it  from  the  one  into  the  other 
retort.  By  this  arrangement,  part  of  what 
would  otherwise  be  waste  heat  is  utilised,  and  a 
great  saving  in  time  and  fuel  effected.  A still 
better  plan  is  to  make  the  charcoal  on  the  spot, 
8 hours  being  more  than  sufficient  to  char  the 
wood  and  to  heat  it  up  to  bright  redness.  Spent 
dyewoods,  tanner’s  refuse,  or  sawdust,  are 
excellent  for  the  purpose,  and  as  these  would  not 
require  crushing — as  when  charcoal  is  bought 
in  lumps — a saving  in  labour,  possibly  also  in 
money,  might  be  made,  besides  being  more 
cleanlj^  By  a small  outlay,  the  vapours  might 
be  condensed,  and  pyroligneous  acid  obtained  as 
a by-product. 

The  apparatus  is  worked  as  follows  : After 
having  allowed  the  brickwork  to  set  and  partially 
dry  for  a few  days,  the  fires  are  started,  at  first 
gently,  to  prevent  the  brickworl?  from  cracking, 
then  gradually  increasing  the  heat  until  the 
retort  becomes  a dull-red  colour.  The  latter  is 
now  filled  with  small  charcoal,  and  the  smaller 
retort  with  chips,  sawdust,  &c.,  and  the  fires  are 
now  urged  until  the  retort  and.  the  charcoal  in  it 
have  become  a ‘ cherry  red.’  This  heat  should 
never  be  exceeded,  nor  should  it  be  allowed  to 
fall  below  this,  as  in  either  case  it  would  result 
in  a lesser  yield  of  carbon  disulphide. 

When  the  proper  temperature  is  attained,  the 
two  openings  in  the  lid  of  the  retort  are  closed, 
the  lids  being  screwed  down  tightly,  with  some 
clay  made  into  a thick  paste  as  a lute.  A better 
way  would  be  to  cast  in  the  top  of  these  tubu- 
lures  grooves,  and  the  lids  with  a rim  loosely 
fitting  into  these  grooves,  forming  what  is  called 
an  hydraulic  seal,  only  using  lead  in  the  place  of 
water.  The  heat  there  is  suffieient  to  melt  lead, 
but  not  so  great  as  to  prevent  its  use.  This 
would  form  a much  better  lute,  and  could  be 
opened  and  closed  in  much  less  time,  which,  in 
the  case  of  disulphide  of  carbon  manufacture,  is 
a great  desideratum.  Having  previously  secured 
all  the  joints  throughout  the  apparatus,  sulphur 
is  now  run  in  by  raising  the  rod  o'  in  the  sulphur 
pot.  A bubbling  will  immediately  be  heard  in 
the  gas  washer  at  y,  caused  by  the  escape  of 
sulphuretted  hydrogen,  &c.  In  a few  minutes, 
this  bubbling  ceases,  and  carbon  disulphide 
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begins  to  distil  over.  • Distillation  is  now  pro-  ! 
ceeding,  sulphur  being  charged  in  every  5 i 
minutes,  about  to  If  lbs.  each  time,  for  7 
hours,  when  the  supply  of  sulphur  is  stopped, 
and  one  hour  allowed  to  elapse  before  fresh 
charcoal  is  filled  in.  The  hd  is  then  removed 
from  c,  and  the  hue-pipe  h lowered,  c'  may  now  ! 
be  opened,  and  last  of  all  the  lid  h'  is  removed 
from  h of  the  carboniser,  and  the  red-hot  char- 
coal raked  from  the  carboniser,  by  means  of  a 
funnel  or  hopper,  into  the  retort  a.  The  retort 
is  now  closed,  taking  care  that  the  opening  ! 
communicating  with  the  hue  h is  the  last  to  be 
shut  off,  and  work  started  again.  At  the  end  of  ; 
each  week,  neither  coal  nor  sulphur  is  charged  | 
in  for  8 hours,  after  which  the  whole  apparatus  | 
is  cleaned  out  in  the  following  manner  : The  j 
hue  H having  been  lowered  on  to  g as  described 
above,  the  cover  at  the  end  of  the  delivery  pipe  i 
is  removed,  and  wet  bags  or  pieces  of  canvas  are 
tightly  rammed  down  the  pipe  i,  and  past  its 
junction  with  the  vertical  pipe  i',  so  as  to  isolate 
the  condensers,  &c.,  from  the  furnace.  The 
ashes  are  now  raked  out  through  m,  as  described 
above,  the  retort  rehlled  with  fresh  charcoal, 
and  while  this  is  getting  heated  up,  the  other 
portions  of  the  apparatus  are  examined,  and 
where  sulphur  is  present  it  is  removed. 

With  one  such  retort,  from  4 to  5 cwts.  of 
carbon  disulphide  can  be  made  in  a day,  but  it 
is  much  more  economical,  both  in  labour  and 
fuel,  to  have  several  retorts — say  four — in  the 
same  furnace. 

Manufacture  of  Carbon  Disulphide  by  the 
Electric  Furnace. 

Carbon  disulphide  is  now  made  on  the  large 
scale,  near  Penn  Yan,  N.Y.,  America,  by  the 
Taylor  Chemical  Company,  by  means  of  an 
electric  furnace,  devised  and  patented  by  Mr. 
Edward  R.  Taylor  (U.S.  Pat.  688364,  Dec.  10, 
1901  ; 871971,  Nov.  26,  1907),  who  hs.s  kindly 
supplied  the  information  upon  which  the  follow- 
ing description  of  the  process  is  based.  The 
construction  of  the  furnace  is  shown  in  Figs.  17, 
18,  19,  20,  21.  Fig.  17  shows  a section  in  eleva- 
tion through  the  electrodes,  and  Fig.  18,  shows  a 
cross  section  in  elevation  at  right  angles,  the 
figures  being  taken  from  the  patent  specifications. 
In  Fig.  17  is  shown  the  position  of  the  electrodes 
d,  D,  near  the  bottom  of  the  furnace  shaft,  which 
is  represented  as  filled  with  charcoal ; in  Fig.  18, 
they  are  seen  at  d.  At  h (Fig.  17)  are  pipes 
through  which  are  passed  broken  carbons,  i.e. 
refuse  from  the  factories  of  carbons  for  arc  lights, 
for  the  purpose  of  reinforcing  the  main  carbons  ; 
these  pass  down,  upon,  and  over  the  ends  of  the 
main  carbons,  and  convey  the  current  from  the 
electrodes  to  the  charcoal.  The  intermediate 
conductive  material  protects  the  electrodes 
proper  from  the  intense  heat  and  eroding  action 
and  thereby  prolongs  their  life.  It  also  tends  to 
steady  the  current,  fluctuations  being  mainly 
due  to  variations  in  power  and  not  to  changes  of 
resistance  in  the  furnace  itself.  The  charcoal 
for  the  reaction  is  fed  into  the  furnace  through 
the  opening  x (Fig.  17).  Preferably  four  electrodes 
are  used  in  this  construction,  supplied  with  two- 
phase  alternating  current.  Provision  is  made 
for  keeping  the  metallic  portions  of  them  com- 
paratively cool  by  feeding  cold  sulphur  on  to 
them  through  the  inlets  shown  as  o (Fig.  17),  and 


which  can  be  replenished  through  the  hoppers  n, 
the  sulphur  passing  into  the  annular  chambers 

Fig.  19. 


Fig!*  17.  Fig.  20. 


shown  below  the  hoppers,  seen  in  detail  in 
Figs.  19,  20,  and  21.  The  interior  of  the  furnace 
thus  filled  with  sulphur,  which  is  gradually 
melted  and  finds  its  way  to  the  reaction  zone. 
By  this  construction,  the  heat  that  would 
otherwise  be  radiated  from  the  external  walls  of 


the  furnace  is  absorbed,  and  no  outside  lagging 
is  needed.  The  furnace  is  16  feet  in  diameter 
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and  41  feet  high.  It  needs  much  less  care  and 
is  easier  to  manage  than  one  of  the  small  iron  or 
clay  retorts  generally  used. 

In  working,  charcoal  is  put  into  the  charger 
above  the  bell  and  the  opening  sealed.  The 
charcoal  falls  into  the  shaft  of  the  furnace  as 
often  as  there  is  room  for  it,  the  charger  being 
replenished  from  time  to  time.  The  shaft 
should  be  kept  filled  with  charcoal  and  the 
internal  spaces  filled  with  sulphur : thus  there 
is  no  loss  of  heat  by  radiation  and  the  heat 


absorbed  in  melting  the  sulphur  is  returned  to 
the  furnace. 

Electricity  is  supplied  in  such  quantity  that 
the  electrodes  are  not  submerged  in  the  melted 
sulphur  to  such  an  extent  as  to  restrict  the 
passage  of  the  current.  The  electricity  is 
ordinarily  passed  from  the  one  electrode  to  the 
other  immediately  opposite,  but  the  direction 
can  be  changed  at  any  time  so  as  to  pass  to  the 
adjacent  electrode,  thus  burning  out  any  piers 
or  ‘ scaffolds  ’ that  may  form  in  the  corners  and 
which  would  prevent  the  regular  descent  of  the 


charge.  The  sulphur  within  the  working 
chamber  z soon  becomes  melted,  and  its  level 
rises  more  or  less  nearly  to  the  top  of  the  elec- 
trodes. As  it  approaches  the  heat  zone,  the 
sulphur  is  vapourised  and  rises  through  the 
charcoal  which,  when  sufficiently  heated,  com- 
bines with  it,  forming  the  disulphide,  the 
vapour  of  which  ascends  through  the  charcoal 


Fig.  23. 


in  the  shaft,  and  passes  out  through  the  pipe  x. 
to  a condenser.  The  furnaces  are  run  for  about 
a year  before  renewing  the  electrodes  or  cleaning 
out.  Aluminium  bars,  6 inches  wide  and 
I inch  thick,  connect  the  insulated  electrodes 
with  two  Stanley  inductive  type  dynamos,  each 
of  330  kilowatts  capacity,  run,  as  a rule,  by  water 
power.  The  average  voltage  is  about  50.  The 
yield  is  usually  about  14,000  lbs.  of  the  di- 
sulphide in  24  hours,  but  it  is  capable  of  being 
increased  to  25,000  lbs. 

An  improved  type  of  electric  furnace,  more 
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particularly  adapted  for  a smaller  installation, 
is  seen  in  Figs.  22  and  23,  reproduced  from  the 
patent  specifications. 

Fig.  22  shows  the  furnace  in  sectional  eleva- 
tion. Fig.  23  shows  a sectional  elevation  with 
the  plane  of  the  section  at  right  angles  to  that 
of  Fig.  22,  and  with  portions  broken  away  at 
top  to  expose  parts  behind  the  plane  of  the 
section.  Fig.  24  is  a top  view  on  which  the  planes 
of  Figs.  22  and  23  respectively  are  indicated  by 
broken  lines,  a-b  and  c-d  ; and  Fig.  25  repre- 
sents a horizontal  section  on  the  line  e-f 
(Fig.  23).  Like  reference  characters  refer  to  fike 
parts  in  all  the  figures.  There  is  an  outer  shell 
of  iron  or  steel  within  which,  at  the  bottom,  is  a 
flat  hearth  of  floor  4 (Figs.  22,  23,  and  25)  of  fire- 
brick, which  supports  a circular  wall  of  like 
material,  within  which  is  the  working  chamber  a 
of  the  furnace,  and  an  outer  wall,  6,  concentric 
with  the  wall  5,  extending  upward  a short 
distance  and  terminating  substantially  on  a 
level  with  the  bolster,  formino;  lower  ends  of  a 
pair  of  diametrically  opposite  embrasures,  7 
and  8. 

The  wall  5 of  the  working  chamber  a is  con- 
tinued upward  to  the  top  of  the  outer  shell 
1,  2,  3 ; a feed  chamber  b for  sulphur  being 
formed  between  the  walls  5 and  6 at  bottom 
and  between  the  wall  5 of  the  working  chamber 
and  the  outer  shell  above  the  top  of  the  outer 
wall  6. 

The  shell  1,  2,  3 terminates  at  top  in  a hori- 
zontal annular  top  portion,  9 (Figs.  22,  23,  24), 


which  is  provided  at  suitable  intervals  with 
hoppers  h'  and  with  openings  10  (Fig.  23)  at  their 
bottoms,  communicating  with  said  feed  space  b, 
each  of  the  hoppers  being  provided  with  a 
suitable  plug  11,  having  a handle,  11',  extending 
above  the  top  of  the  hopper,  so  that  the  hoppers 
may  be  filled  above  the  plugs,  and  the  plugs  then 
lifted  to  drop  the  contents  of  the  hoppers  into 
the  feed  space  b,  and  quickly  replaced  to  prevent 
the  escape  of  fumes  and  the  admission  of  air. 
Within  the  central  opening  of  the  top  portion  9,  of 
the  shell,  a charcoal  hopper,  a'  (Figs.  22,  23,  24), 
is  supported  : this  is  constructed  with  a conical 
top,  12,  provided  with  a capped  charging  neck. 


13,  through  which  the  charcoal  is  introduced  into 
the  hopper,  and  a conical  bottom,  14,  depending 
within  the  upper  end  of  the  working  chamber 
and  provided  with  a central  opening  closed  by  a 
bell,  15  ; the  top  of  the  hopper  being  further 
provided  with  the  supporting  link  16  of  a 
weighted  lever,  17,  connected  with  the  said  bell 
15,  by  a rod,  18,  and  rendering  the  hopper  a' 
normally  closed  at  bottom.  A discharge  pipe,  c 
(Figs.  23  and  24),  extends  from  the  working 
chamber  a through  the  top  portion  9 of  the 
shell,  in  an  oblique  direction,  as  shown  in  Fig.  23. 

Openings  19  and  20  (Figs.  22,  23,  and  25)  for 
the  sulphur,  are  formed  in  the  working  chamber 
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Fig.  25. 

wall  5,  immediately  above  the  floor  4,  and  at 
one  or  more  higher  points,  connecting  the  feed 
space  b with  the  working  chamber  a,  and  pipe 
openings  21  and  22  extend  through  the  outer 
wall  6 and  the  lower  shell  section  1 at  different 
heights  to  allow  the  sulphur  to  enter  the  furnace 
proper.  Metallic  conductors,  d and  e (Figs.  22 
and  24),  connected  with  the  source  of  electricity, 
are  attached  respectively  to  the  protruding 
upper  ends  of  metallic  electrode  stems  / and  g, 
which  extend  to  the  top  of  the  outer  wall  6,  and 
rest  upon  the  top  of  this  wall,  as  in  Fig.  22. 
Each  of  the  electrode  stems  d and  e is  made  in 
three  sections,  numbered  respectively,  1',  2',  and 
3'  in  Fig.  22  ; the  upper  section  1'  of  each  of  the 
stems  being  hollow  and  cylindrical,  and  ex- 
tending through  a stuffing  box,  23,  mounted  on 
the  top  of  the  shell,  and  preferably  constructed 
with  a water  chamber,  24,  for  keeping  the  gland 
sufficiently  cool.  The  lower  end  of  the  upper 
section  has  flanges  25,  on  opposite  sides, 
adapting  it  to  be  coupled  to  the  partly  closed 
upper  end  of  a flat  middle  section  2',  which  is 
tubular,  excepting  its  lower  end,  and  this  end  is 
trough-shaped  in  common  with  the  lowermost 
section  3',  which  is  detachably  bolted  to  the 
trough-shaped  lower  end  of  the  middle  section  2'. 

A pair  of  manholes,  26  and  27  (Fig.  22),  in  the 
middle  section  2'  of  the  outer  shell,  afford  access 
to  the  bolts  connecting  the  middle  and  lowermost 
sections  2'  and  3'  of  the  electrode  stems,  and 
facilitate  disconnecting  the  lowermost  sections  3' 
when  the  latter  need  to  be  renewed. 

The  electrodes  proper,  h and  i,  are  of  carbon, 
made  in  sections  of  different  lengths,  but  all  of 
one  and  the  same  size,  and  all  rectangular  in 
cross  section  (compare  Figs.  22  and  25).  Such 
carbon  sections  project  at  right  angles  from  the 
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lower  ends  of  the  stems  / and  g,  and  may  be 
clamped  within  the  trough-shaped  stem  sections 
3'.  A sufficient  number  of  the  longer  carbon 
sections  are  united  at  bottom  to  form  the  main 
body  of  each  electrode  and  above  these  the 
shorter  sections  are  arranged  in  steps,  as  shown 
in  Fig.  22.  The  electrodes  li  and  i project  in- 
wardly, as  shown  in  Figs.  22  and  25,  and  are 
supported  beneath  by  the  bolster-forming  lower 
ends  of  the  embrasures  7 and  8,  through  which 
the  respective  electrodes  extend  toward  each 
other,  into  the  working  chamber  a,  as  shown  in 
Fig.  22. 

The  tubular  or  hollow-stem  sections  V and 
2'  provide  for  feeding  the  material  downwards 
upon  the  electrodes.  The  upper  end  of  each 
stem  is  provided  with  a conical  plug,  29,  and 
with  a gallows  or  yoke,  30,  between  which  and 
the  top  of  the  plug  29  a wooden  wedge,  31,  is 
driven  to  render  the  closure  air-tight. 

In  charging  the  furnace,  the  lower  part  of 
the  worldng  chamber  a is  filled  with  broken 
sulphur  to  the  plane  of  the  electrodes  Ji,  and  a 
sufficient  quantity  of  charcoal  is  superimposed. 
The  lower  part  of  the  furnace  is  then  tightly 
closed  and  sealed,  and  the  working  chamber  a is 
thereafter  fiUed  with  , charcoal  to  any  desired 
extent  by  way  of  the  charcoal  hopper  a'  by  de- 
pressing the  bell  15  by  means  of  the  lever  17. 
The  hopper  a'  is  then  automatically  closed  at 
bottom  by  the  re-elevation  of  the  bell  15. 
Crushed  sulphur  is  fed  into  the  annular  feed 
space  h surrounding  the  working  chamber  wall 
from  time  to  time  as  required  by  way  of  the 
hoppers  h',  which  are  filled  with  the  sulphur, 
and  may  serve  to  measure  the  quantity  intro- 
duced, and  are  emptied  into  the  feed  space  h by 
partly  vdthdrawing  their  plugs  11  and  replacing 
them  immediately  to  prevent  the  entrance  of  air 
and  the  escape  of  fumes.  The  disulphide 
vapour,  as  it  is  formed,  passes  off  through  the 
pipe  c into  a suitable  condenser. 

An  upper  manhole,  32,  extending  outward 
from  the  working  chamber  a through  the  shell 
sections  1 and  2,  as  shown  in  Figs.  22,  23,  and  25, 
facilitates  access  to  the  interior  of  the  furnace 
when  it  is  cold  for  adjusting  or  renewing  the 
electrodes  h and  i,  and  for  arranging  the  charge 
at  the  beginning  of  an  operation  ; and  a sub- 
jacent manhole,  33  (Fig.  23),  facilitates  removing 
the  ash  from  time  to  time  as  may  be  necessary. 
The  electrode  stems  / and  g,  and  their  stuffing 
boxes  23,  are  insulated  with  mica  and  asbestos 
paper. 

This  furnace  is  designed  to  be  8 or  10  feet  in 
diameter  and  18  or  20  feet  high,  and  will  produce 
5000  lbs.  of  carbon  disulphide  in  24  hours.  Two 
electrodes  only  are  employed. 

Purification  of  Carbon  Disulphide. — The 
crude  product,  which  contains  considerable  quan- 
tities of  sulphur,  may  be  purified  by  distillation. 
The  distilling  vessel  is  made  of  sheet  zinc,  and 
is  fitted  in  a water-bath.  The  vapours  of  carbon 
disulphide  are  passed  through  a vfide  tube  into 
a worm  surrounded  by  cold  water,  and  ending 
in  a lap  at  the  bottom  ; the  liquid  as  it  con- 
denses is  allowed  to  trickle  into  a vessel  placed 
to  receive  it. 

Deiss  employed  large  boilers  with  flat  bot- 
toms, which  were  10  feet  in  length,  6|  feet  in 
diameter,  and  3J  feet  high.  They  had  domed 
covers,  externally  coated  by  badly  conducting 


materia],  so  as  to  reduce  to  a minimum  the 
amount  of  carbon  disulphide  returned  to  the 
boiler  by  condensation.  The  boiler  was  capable 
of  receiving  5 tons  of  crude  disulphide  at  a 
single  charge,  and  had  six  delivery  tubes  which 
terminated  in  six  vertically  placed  condensers. 
At  the  bottom  of  the  boiler,  there  were  two 
serpentine  pipes,  through  one  of  which  steam  was 
passed  until  the  crude  carbon  disulphide  boils. 
For  the  purpose  of  distilhng  off  the  last  portions 
steam  was  passed  through  the  second  serpentine 
pipe  direct  into  the  boiler,  by  which  means 
carbon  disulphide  vapour  and  steam  pass  over 
together  into  the  condensers,  when  the  former 
accumulated  in  a layer  below  the  surface  of  the 
water.  The  distillation  of  5 tons  lasted  3 or 
4 days,  and  the  products  of  the  distillation  at 
different  stages  were  separately  collected,  and 
served  for  difierent  purposes.  In  the  first  por- 
tions, foul-smelling  constituents  predominate, 
such  as  sulphuretted  hydrogen ; the  inter- 
mediate portions  are  the  purest,  while  the  last 
portions  are  contaminated  with  sulphur.  Much 
of  the  sulphuretted  hydrogen  was  removed 
by  placing  a small  quantity  of  caustic  soda  in 
the  boiler. 

Boniere  purified  the  crude  material  by  run- 
ning it  into  a still  containing  a strong  solution 
of  caustic  soda  and  heated  externally  by  steam  ; 
the  vapour  was  then  passed  through  several 
other  vessels  of  a similar  kind  containing  alka- 
line liquids,  solutions  of  salts  of  iron,  lead,  or 
copper,  from  which  it  was  distilled  and  condensed. 
Millon  patented  a process  which  consisted  in 
mixing  the  disulphide  with  half  its  weight  of 
milk  of  lime,  and  then  carefully  distilling. 

Sidot  first  distils  the  crude  product,  and 
then  agitates  it  with  mercury  till  the  shining 
surface  of  the  metal  is  no  longer  blackened  by 
it.  Carbon  disulphide,  when  pure,  is  not  affected 
by  contact  with  mercury  for  any  length  of  time. 
Or  it  may  be  shaken  with  0'5  p.c.  of  mercuric 
chloride,  which  removes  a foetid  compound  of 
sulphur.  The  clear  liquid  is  then  decanted,  0'02 
of  its  weight  of  an  inodorous  fat  is  added,  and 
the  mixture  distilled  m a water-bath  at  a low 
temperature  (Cloez). 

Another  method  of  purification  is  to  add  to 
100  parts  of  commercial  product  from  2 to  3 
parts  of  dried  copper  sulphate,  and  to  shake  the 
mixture.  The  copper  salt  blackens  and  settles 
down,  with  removal  of  the  smell  of  sulphuretted 
hydrogen.  Absolute  purity  is  obtained  by  again 
rectifying  over  dry  copper  sulphate.  The  latter 
can  be  rendered  fit  for  further  use  by  ignition, 
treating  with  sulphuric  acid,  and  again  igniting. 
The  sulphide  may  be  retained  in  a state  of  purity 
by  allowing  it  to  stand  constantly  over  dry 
copper  sulphate  (J.  Soc.  Chem.  Ind.  2,  246). 

Singer  has  employed  the  following  simple 
method  with  very  satisfactory  results  : — 

A cyhndrical  vessel,  about  30  inches  in 
diameter  and  6 feet  high,  is  provided  with  a 
perforated  coil  of  lead  pipe  at  the  bottom.  Into 
this  vessel  the  impure  carbon  disulphide  is  run 
to  about  one-third  its  height.  Lime-water  is 
then  pumped  into  it  by  means  of  a force-pump 
through  the  perforated  coil.  The  lime-water, 
being  specifically  fighter  than  the  carbon  disul- 
phide, rises  to  the  surface,  and,  while  traversing 
the  body  of  the  disulphide  in  a finely  divided 
spray,  the  lime  combines  with  the  sulphuretted 
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hydrogen,  &c.  This  washing  is  continued  until 
the  lime-water,  which  leaves  this  vessel  through 
an  overflow  pipe  near  to  the  top,  is  perfectly 
clear.  The  carbon  disulphide  is  now  run  into  a 
still,  about  1 p.c.  its  weight  of  a cheap  colourless 
oil  added,  and  covered  with  a layer  of  about  1 
inch  of  water,  to  which  some  sugar  of  lead  may 
be  added.  The  carbon  disulphide  is  now  distilled 
in  a water-bath  and  condensed  in  the  usual  way. 

Carbon  disulphide  comes  into  the  market  in 
sheet-iron  drums,  the  plates  forming  the  top  and 
bottom  being  bent  inwards  for  their  better  pro- 
tection from  blows  in  moving  about,  and  in  the 
upper  end  there  is  an  opening  which  can  be 
closed  by  a screw  stopper.  Great  care  should 
be  taken  in  the  storing  of  carbon  disulphide  on 
account  of  its  extreme  volatihty,  the  explosive 
nature  of  a mixture  of  the  vapour  with  air,  and 
the  fact  that  its  products  of  combustion  are 
three  irrespirable  gases,  viz.  carbon  dioxide, 
sulphurous  oxide,  and  nitrogen.  The  store 
room  ought  to  be  isolated  from  other  buildings, 
and  should  be  well  ventilated.  The  vessels  in 
which  the  substance  is  kept  ought  to  be  tolerably 
large  and  placed  where  they  are  not  hkely  to 
receive  a blow  or  get  thrown  over.  When  re- 
quired for  use,  the  carbon  disulphide  can  be 
drawn  off  by  means  of  a siphon. 

Properties, — Carbon  disulphide  is  a colour- 
less and  extremely  volatile  liquid  ; the  com- 
mercial product  has  a repugnant  and  foetid 
smeU,  but  when  purified  it  has  a sweetish 
ethereal  odour,  and  an  acrid  pungent  taste.  It 
is  highly  refractive,  its  power  in  this  respect 
being  1-645  ; its  sp.gr.  is  1-29215,  074°  (Thorpe). 
Water  dissolves  about  ydVo  of  its  volume  of  the 
disulphide,  and  yields  it  up  again  unchanged  on 
distilling ; the  solution  in  water  possesses  the 
odour  of  the  disulphide,  and  has  a sHght  burning 
taste.  The  aqueous  solution  acts  as  an  anti- 
septic. Carbon  disulphide  dissolves  sulphur, 
phosphorus,  iodine,  bromine,  chlorine,  camphor, 
caoutchouc,  oils,  and  fats,  and  may  be  mixed 
in  almost  any  proportions  with  alcohol,  ether, 
benzene,  and  the  fixed  and  volatile  oils.  Sulphur 
and  phosphorus  may  be  obtained  in  crystals  by 
the  spontaneous  evaporation  of  their  solutions 
in  carbon  disulphide.  _When  a rapid  stream  of 
air  is  passed  through  it,  the  vapour,  as  it  rises, 
is  condensed  to  cauliflower-like  masses,  which 
make  their  appearance  on  the  surface  of  the 
liquid  (Wartha,  Ber.  9,  80).  When  the  whole  of 
the  liquid  has  disappeared,  the  resulting  solid 
has  a constant  temperature  of  —12°,  so  long  as 
it  remains  unvolatilised.  According  to  Wro- 
blewski  and  Olzewski,  it  solidifies  at  — 116°,  and 
remains  solid  for  a considerable  time,  emitting 
a peculiar  aromatic  odour. 

Carbon  disulphide  boils  at  46-0°  (Thorpe), 
46-42°  (corr.)  (Thorpe  and  Rodger),  and  the 
vapour  ignites  in  air  at  149°.  When  mixed 
with  three  times  its  volume  of  oxygen,  or  an 
amount  of  air  containing  that  volume  of  oxygen, 
it  is  very  explosive.  The  flame  of  burning 
carbon  disulphide  is  blue,  and  gives  rise  to 
sulphurous  and  carbonic  acid  gases  : CS+SOg 
= C0.2+2S02.  When  carbon  disulphide  is  burnt 
in  a lamp  on  the  principle  of  the  Bunsen  burner, 
and  special  precautions  taken  to  prevent  explo- 
sions, it  produces  a flame  with  an  actinic  power 
superior  to  that  of  magnesium  (Compt.  rend.  79, 
1078). 
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A mixture  of  the  vapour  of  carbon  disul- 
phide with  nitric  oxide  burns  with  a blue 
flame,  which  is  very  rich  in  rays  of  high  refrangi- 
bility,  and  on  this  account  has  been  employed 
in  photography. 

Carbon  disulphide  is  highly  poisonous,  inhala- 
tion of  the  vapour  producing  giddiness,  vomit- 
ing, congestion,  and  finally  coma.  Even  in 
small  quantity  only,  it  produces  in  time  very 
serious  effects  on  the  nervous  system.  In  the 
workmen  employed  in  its  manufacture,  it  causes 
weakness,  depression,  and  loss  of  memory. 
Solution  of  ferrous  carbonate  in  carbonic  acid 
water  has  been  found  in  some  cases  effectual 
as  a remedy.  Carbon  disulphide  vapour,  when 
passed  through  a tube  heated  to  bright  redness, 
is  partly  resolved  into  its  elements,  carbon  de- 
positing and  sulphur  passing  off  with  the  un- 
decomposed compound. 

The  following  table  represents  its  vapour 
tension  at  varying  temperatures  (Seyferth)  : — 

45-5°  . . . .1  atmosphere 

57-7  ....  11  „ 

66-9  . . . .2  atmospheres 

74-3  ....  21 

80-6  ....  3 

86-1  ....  34 

90-9  ....  4 

95-5  ....  41 

99-0  . . . .5 

(For  table  of  vapour  pressures  between  0°  and 
50°,  V.  Ramsay  and  Young,  Chem.  Soc.  Trans. 
47,  653  ; also  Herwig,  Pogg.  Ann.  137,  69  ; 141, 
83  ; 147,  161.) 

The  vapour  of  carbon  disulphide,  when 
passed  over  metalhc  oxides  at  a red  heat,  yields 
sulphur  dioxide  and  carbon,  together  with 
metallic  sulphides,  which  are  generally  found 
crystalhsed  and  resemble  those  found  in  nature. 
Carbon  disulphide  is  one  of  the  most  powerful 
sulphurising  agents  known,  and  by  means  of  it 
many  sulphides  may  be  produced  which  are  not 
otherwise  obtainable  (Fremy).  It  converts 
oxides  into  sulphides  when  heated  with  them  in 
sealed  tubes.  The  vapour  is  strongly  attacked 
by  nitric  acid,  yielding  sulphuric  acid  and 
nitrous  vapours. 

A mixture  of  the  vapour  of  carbon  disulphide 
and  sulphuretted  hydrogen,  when  passed  over 
red-hot  copper,  yields  copper  sulphide  and 
marsh  gas  : CS2  + 2SH24-4Cu=4CuS-j-CH4. 

The  vapour  of  carbon  disulphide  when 
passed  over  wood  undergoing  destructive  distil- 
lation alters  the  character  of  the  carbonaceous 
residue,  producing  a material  having  high  con- 
ducting powers  for  heat  and  electricity,  and 
extremely  sonorous  when  struck. 

Carbon  disulphide  is  a powerful  disinfectant. 
Meat  and  other  putrescible  bodies  have  been 
kept  in  an  atmosphere  containing  its  vapour  for 
months  without  change. 

Heated  potassium  burns  in  the  vapour  of 
carbon  disulphide  with  formation  of  potassium 
sulphide  and  liberation  of  carbon. 

When  brought  in  contact  with  a solution  of 
an  alkaline  hydroxide,  carbon  disulphide  is  de- 
composed, a carbonate  and  a sulphocarbonate 
being  formed  : 

6KH0-f3CS2=2K2CS3-f3H20+K2C03 
When  the  vapour  of  carbon  disulphide  is 
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passed  over  heated  calcium  hydroxide,  it  is 
decomposed,  carbon  dioxide  and  sulphuretted 
hydrogen  being  evolved. 

This  reaction  has  been  utilised  in  the  removal 
of  carbon  disulphide  from  coal  gas. 

Chlorine  has  but  little  action  on  carbon  di- 
sulphide at  the  ordinary  temperatures,  but  in  the 
presence  of  iodine,  the  chlorides  of  antimony 
and  molybdenum,  &c.,  chlorine  replaces  the 
sulphur  with  conversion  of  the  carbon  disulphide 
into  carbon  tetrachloride,  and,  if  the  action  is 
interrupted  before  it  is  complete,  intermediate 
compounds  or  sulphochlorides  are  formed  (J. 
Soc.  Chem.  Ind.  6,  728). 

Carbon  disulphide  combines  with  triethyl- 
phosphine  P(C2H5)3  to  form  a solid  compound, 
crystallising  in  red  crystals  of  the  composition 

Owing  to  its  volatility  it  may  be  made  to 
produce  great  cold  by  its  own  evaporation,  and 
if  this  takes  place  very  quickly  under  the  air- 
pump,  a temperature  of  —60°  may  be  obtained. 

An  aqueous  or  alcoholic  solution  of  caustic 
potash,  boiled  with  carbon  disulphide,  yields 
with  lead  salts  a black  precipitate  of  lead  sul- 
phide. This  is  a delicate  test  for  the  substance. 

Carbon  disulphide  may  be  detected  in  coal 
gas  by  passing  the  gas  when  completely  freed 
from  sulphuretted  hydrogen  over  red-hot  copper 
foil,  when  the  copper  acquires  an  iridescent 
lustre,  and  its  nitric  acid  solution  diluted  with 
water  yields  after  some  time  a precipitate  with 
barium  chloride  (A.  Vogel,  Zeitsch.  anal.  Chem. 
[2]  6,  253). 

Carbon  disulphide  combines  with  metallic 
sulphides,  forming  sulphocarbonates 

CSa+NaaS^NaaCSg 

Sulphocarbonic  acid  is  a yellow  oily  hquid, 
obtained  by  decomposing  its  potassium  salt  with 
hydrochloric  acid 

K2CS3+2HCl=:H2CS3-f2KCl 
Potassium  sulphocarbonate  has  been  used  for 
the  destruction  of  phylloxera. 

Uses. — Carbon  disulphide  is  applied  to  a 
large  number  of  useful  purposes,  the  chief  of 
which  is  in  the  preparation  of  vulcanised  caout- 
chouc, and  as  a solvent  for  the  latter  in  the 
manufacture  of  waterproof  goods,  by  the  de- 
position of  a thin  layer  of  the  dissolved  caout- 
chouc on  the  fabric  ; for  the  extraction  of  fat 
from  crude  wool ; fatty  oils  from  oil  seeds  and 
pressed  residues  ; and  for  the  purification  of 
paraffin.  It  is  used  in  the  extraction  of  un- 
combined sulphur,  and  of  bitumen  from  minerals. 
A solution  of  guttapercha  in  carbon  disulphide 
is  employed  in  making  seamless  joints  and 
for  the  preparation  of  caoutchouc  cement, 
various  colours,  ammonium  thiocyanate,  &c. 
It  is  also  used  for  filling  prisms  on  account  of 
its  high  dispersive  power. 

Advantage  is  taken  of  its  poisonous  pro- 
perties to  expel  weevils  and  other  insects  from 
stored  grain  without  injuring  the  cereal.  For 
this  purpose,  a small  quantity  of  the  carbon 
disulphide  is  sprinkled  over  the  grain  ; both  the 
larvae  and  eggs  are  killed  without  injury  to  the 
grain  (Doyere).  It  is  also  employed  to  destroy 
chicken  hce  and  fleas,  moths  in  furs,  and  in 
America  to  kill  burrowing  animals,  such  as 
gophers,  ground  squirrels,  woodchucks,  prairie 
dogs^  rats,  mice,  moles,  &c.,  and  as  a plant 


insecticide.  It  is  used  in  Brazil  to  expel  the 
Sauba  ant  from  the  foundations  of  houses.  It 
may  also  be  used  in  the  analyses  of  oil  seeds  as  a 
solvent  for  the  purpose  of  ascertaining  the  pro- 
portion of  oil  which  the  ground  seeds  contain. 

As  carbon  disulphide  dissolves  iodine  in  large 
quantity,  but  does  not  appreciably  dissolve  in 
water,  it  is  employed  for  determining  the  amount 
of  moisture  in  commercial  iodine. 

It  may  be  used  for  dissolving  quinine  and 
other  alkaloids ; for  extracting  the  aromatic 
principles  from  seeds  and  spices  ; and  for  the 
extraction  of  the  scent  of  flowers.  For  these 
purposes,  however,  the  purest  quality  of  the 
disulphide  can  alone  be  employed. 

A solution  of  phosphorus  in  carbon  disul- 
phide has  been  employed  in  the  electrotyping  of 
very  dehcate  objects,  such  as  grasses,  flowers, 
feathers,  &c.  These  are  dipped  into  the  solu- 
tion, when,  by  exposure  to  the  air,  the  carbon 
disulphide  evaporates  and  leaves  a thin  film  of 
phosphorus  on  the  surfaces ; they  are  then 
dipped  into  a solution  of  silver  nitrate,  by  which 
silver  is  precipitated  in  a thin  film,  upon  which, 
by  the  electrotype  process,  any  thickness  of 
silver,  gold,  copper,  &c.,  can  be  deposited.  If 
a few  drops  of  carbon  disulphide  are  put  into 
a solution  of  silver  cyanide,  from  which  the 
metal  is  being  electro -deposited,  the  silver  is 
deposited  bright,  whereas  without  the  disulphide 
it  would  be  dull. 

Deiss,  who  first  employed  carbon  disulphide 
in  the  extraction  of  fatty  oils  from  seeds,  oil- 
cakes, and  other  pressed  residues,  used  the  fol- 
lowing arrangement : — 

Carbon  disulphide  was  introduced  into  a 
large  cemented  brickwork  reservoir,  with  a man- 
hole, which  is  generally  kept  closed,  22  feet 
long,  6 feet  in  diameter,  and  nearly  6 feet  deep, 
and  lined  with  lead  up  to  the  point  to  which  it 
was  filled  with  the  disulphide  and  water,  the 
latter  being  added  as  a thin  layer  to  prevent  the 
too  rapid  evaporation  of  the  carbon  disulphide. 
Immediately  above  this  reservoir  is  a worm  con- 
denser, whose  tail  pipe  dips  into  the  hquid  in 
the  reservoir  below  ; on  one  side  of  the  condenser 
there  is  an  extractor  having  a capacity  of  4400 
gallons,  and  capable  of  receiving  a charge  of  12 
tons  of  oilcake.  This  extractor  is  supplied  by 
means  of  a pump  with  carbon  disulphide  from 
the  reservoir  below  through  a pipe  leading  up 
from  the  reservoir  to  the  extractor.  The  latter 
apparatus  has  two  perforated  shelves,  one  nearly 
at  the  top  and  the  other  nearly  at  the  bottom, 
between  which  the  substance  to  be  operated  upon 
is  placed.  In  the  space  between  the  lower  per- 
forated shelf  and  the  bottom  of  the  extractor  is 
a coil  of  pipe  through  which  steam  can  be 
passed.  Just  above  the  upper  perforated  shelf 
there  are  nine  pipes  on  the  same  level  for  the 
purpose  of  carrying  the  vapours  produced  in  the 
operation  to  the  condenser.  There  are  also 
pipes  just  above  this  shelf  which  are  in  direct 
communication  with  a still  on  the  opposite  side 
of  the  condenser,  to  which  disulphide  saturated 
with  oil  is  carried,  the  saturated  disulphide 
rising  to  the  surface  in  the  operation  owing  to 
the  difference  in  the  sp.gr.  of  the  carbon  disul- 
phide (1*29)  and  oil  (about  0*900).  The  still  in 
which  this  liquid  is  distilled  is  about  11  feet 
long,  5 feet  wide,  and  15  inches  deep,  holding 
when  half  filled  about  400  gallons.  The  liquid 
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is  heated  by  steam  supplied  through  two  pipes 
coiled  several  times  round  the  bottom  of  the 
still,  and  the  vapour  of  the  volatilised  carbon 
disulphide  is  led  through  nine  pipes  into  the 
condenser,  and  thence  into  the  reservoir  below 
the  condenser,  and  is  ready  to  be  used  again  in 
the  extractor  for  macerating  a fresh  quantity  of 
material. 

The  time  taken  to  fill  the  extractor  with 
carbon  disulphide  is  8 hours,  the  maceration 
of  the  material  4 hours,  the  emptying  of  the 
contents  of  the  extractor  into  the  reservoir  at 
the  close  of  the  operation  2 hours,  and  the 
steaming  of  the  oil  in  the  still  in  order  to  free  it 
from  carbon  disulphide  from  8 to  12  hours. 
Working  with  an  apparatus  such  as  described, 
about  2|  tons  of  oil  can  be  obtained  in  30  hours 
from  25  tons  of  oilcake. 

Extraction  of  fat  from  wool. — Morson  and 
Jerome  employ  for  this  purpose  a large  cylindri- 
cal vessel  with  a close-fitting  cover  and  double 
walls,  between  which  hot  water  circulates.  The 
wool  is  placed  on  a perforated  shelf  near  the 
bottom  of  the  cylinder,  whilst  a perforated  plate, 
a kind  of  piston,  could  be  pressed  upon  the  wool 
by  an  arrangement  of  screws.  Carbon  disul- 
phide is  pumped  from  a reservoir  into  the 
extractor,  and  as  the  liquid  becomes  saturated 
with  fat  it  is  led  through  a pipe  into  a still, 
heated  by  a coil  of  steam  pipe  at  the  bottom,  the 
vapour  being  passed  to  a worm  condenser  and 
the  liquid  disulphide  passed  into  the  reservoir 
which  is  immediately  beneath.  By  a second 
arrangement  of  steam  pipes,  steam  can  be  passed 
directly  into  the  still  so  as  to  remove  the  last 
portions  of  disulphide,  A current  of  air,  heated 
to  70°,  is  then  forced  through  the  wool  by  means 
of  an  air-pump.  As  all  the  parts  of  the  apparatus 
are  in  direct  communication  with  each  other,  it 
is  necessary  to  supply  the  diminished  pressure 
in  the  reservoir.  When  air  is  pumped  out  of  it 
and  sent  through  a tube  several  times  bent  and 
the  last  portion  fitted  with  a hot- water  jacket, 
the  equilibrium  of  pressure  should  be  maintained, 
and  this  is  done"  by  a supply  of  air  from  a gas- 
holder in  connection  with  the  apparatus.  The 
last  portions  of  carbon  disulphide  are  thus  swept 
out  of  the  extractor  and  are  carried  through  a 
pipe  into  a second  worm  condenser,  and  thence 
to  the  reservoir.  At  convenient  points  between 
the  macerating  vessel  and  the  still,  as  well  as  at 
the  ends  of  the  condensing  worms,  there  are 
windows  in  the  pipes,  which  serve  to  form  an 
idea  of  the  state  of  the  operation,  and  close  to 
each  of  these  windows  is  a cock  from  which  a 
little  of  the  liquid  can  be  drawn  and  evaporated, 
in  order  to  see  if  a residue  of  fat  remains. 

The  macerating  vessel  or  extractor  is  charged 
with  about  10  tons  of  wool,  which  is  then  re- 
duced to  about  half  its  bulk  by  screwing  down 
the  perforated  plate.  The  carbon  disulphide  is 
pumped  into  the  extractor,  and,  after  filtering 
through  the  wool,  ascends  through  the  perfora- 
tions and  passes  into  a pipe  leading  to  the  con- 
denser. This  is  continued  until  the  liquid  comes 
over  colourless,  and  leaves  no  residue  on  evapo- 
ration. When  the  extracting  process  is  finished, 
the  cock  admitting  carbon  disulphide  into  the 
extractor  is  closed,  and  a partial  vacuum  is 
formed  by  drawing  air  out  of  the  extractor  by 
the  air-pump,  the  greater  part  of  the  disulphide 
adhering  to  the  wool  being  carried  with  it  at 


the  first  few  strokes.  The  water-jacket  is  then 
heated  by  water  at  70°,  and  the’  cocks  are  so 
arranged  as  to  allow  the  heated  air  to  pass 
through  the  wool,  and  thence  into  the  open  air. 
By  this  method  a considerable  quantity  of  fatty 
substance  is  obtained  from  sheep’s  wool  which 
was  formerly  lost. 

The  following  materials  are  treated  with 
carbon  disulphide  in  order  to  obtain  fatty 
matters  from  them  : — 

1.  The  dark-coloured  residues  of  stearin 
manufactories,  which  are  products  of  the  treat- 
ment with  sulphuric  acid.  They  yield  from  18 
to  20  p.c.  of  fatty  acid,  which  was  formerly 
almost  entirely  lost.  The  residues  are  mixed 
with  sawdust  to  facilitate  the  filtration  of  the 
dissolved  portion. 

2.  The  dark-brown  cart-grea°e  from  the  axles 
of  carts,  carriages,  &c.  This  is  first  treated  with 
sulphuric  acid,  washed,  and  dried. 

3.  Tow  and  rags  used  in  cleaning  machinery. 
This  treatment  of  rags,  &c.,  has  a threefold  ad' 
vantage  ; recovery  of  fat  or  fatty  acids,  purifi- 
cation of  the  rags  so  that  they  can  be  used  again, 
and  the  prevention  of  spontaneous  combustion, 
which  these  materials  are  liable  to  on  exposure 
to  air. 

4.  The  refuse  of  the  preparation  of  bees- 
wax, which  on  treatment  with  carbon  disulphide 
yields  a yellow  wax  useful  for  many  purposes. 

5.  Sawdust  that  has  been  used  for  filtering 
oils  after  purification  with  sulphuric  acid. 

6.  The  sediment  produced  by  the  treatment 
of  various  oils  with  sulphuric  acid  contains  about 
50  p.c.  of  oil,  which  may  be  extracted  by  carbon 
disulphide  after  washing  with  boiling  water, 
drying,  and  mixing  it  with  sawdust. 

7.  Bones  from  slaughter-houses  and  kitchens 
to  be  used  in  the  preparation  of  bone-black 
yield  to  carbon  disulphide  from  10  to  12  p.c. 
of  fat. 

8.  The  expressed  residues  of  oil  seeds,  such 
as  rape,  sesame,  flax,  &c.,  when  they  cannot  be 
properly  employed  as  fodder.  In  all  cases  it  is 
necessary  to  break  up  the  oilcake  into  small 
pieces  before  treating  it  with  carbon  disulphide, 
so  as  to  ensure  thorough  penetration  of  this  sub- 
stance. The  residue  left  after  extracting  the 
fat  is  hardly  suitable  for  fodder,  but  is  valuable 
as  a manure. 

9.  The  ‘ cracklings  ’ or  greaves  obtained  by 
the  melting  of  tallow. 

10.  The  pressed  cacao  beans  from  which  no 
further  cacao  butter  can  be  obtained  by  pressing. 

11.  The  pressed  residues  obtained  in  the 
preparation  of  olive  oil. 

Extraction  of  bitumen,  cfec.,  from  minerals. — ■ 
Carbon  disulphide  can  be  employed  in  the  ex- 
traction of  bitumen  from  mineral  bodies  which 
contain  so  small  a percentage  as  not  to  pay  when 
obtained  by  the  ordinary  process  of  distillation. 
The  apparatus  used  consists  of  a close  reservoir 
for  the  carbon  disulphide,  over  which  is  a 
cooling  apparatus  which  serves  as  condenser. 
Below  the  reservoir  are  two  filters  provided  near 
the  bottom  with  perforated  shelves.  INIinerals 
are  introduced  into  the  filters  upon  the  shelf 
through  doors  near  the  bottom,  which  are  then 
closed  and  made  air-tight.  Carbon  disulphide 
is  now  admitted  through  a pipe  at  the  bottom  of 
each  filter,  and  as  the  liquid  rises  it  percolates 
through  the  minerals,  dissolving  out  the  bitumen, 
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and  when  full  flows  out  at  the  top  through 
a pipe  leading  to  a still,  where  the  saturated 
liquid  is  distilled,  the  vapour  of  carbon  disul- 
phide ascending  into  the  condenser,  and  the 
liquid  carbon  disulphide  as  it  condenses  trickles 
into  the  reservoir  beneath.  The  bituminous 
matters,  which  remain  in  the  still,  are  drawn  off 
by  a cock  at  the  bottom,  and  the  disulphide 
which  remains  absorbed  by  the  minerals  in  the 
filters  is  expelled  by  a current  of  steam.  This 
apparatus  is  practically  continuous,  very  little 
loss  of  the  disulphide  taking  place  at  each  opera- 
tion, and  as  much  as  12  p.c.  of  bitumen  can  be 
obtained,  whereas  only  7 or  8 p.c.  could  be  had 
by  distillation. 

Extraction  of  spices,  <kc. — Boniere  has  de- 
vised an  apparatus  for  extracting  the  aromatic 
principles  of  various  spices  and  other  substances 
used  for  seasoning  food,  by  means  of  carbon 
disulphide.  It  is  on  the  same  principle  as  the 
apparatus  already  described,  and  consists  of  a 
series  of  wire -gauze  sieves  arranged  one  over 
the  other  in  an  air-tight  case.  The  carbon  disul- 
phide is  made  to  pass  through  the  sieves,  which 
contain  the  substance  to  be  operated  upon,  e.g. 
pepper,  thus  dissolving  out  the  active  principles, 
and  as  it  reaches  the  top  it  flows  through  a 
pipe  into  a boiler.  The  boiler  contains  salt, 
sugar,  lactose,  dextrin,  saltpetre,  or  other 
material.  The  liquid  is  distilled  in  the  boiler, 
by  admitting  steam  into  a kind  of  jacket,  when 
the  disulphide  distils  over  and  is  condensed  in 
a worm  condenser,  while  the  salt  or  sugar 
remains  behind,  retaining  all  the  aromatic  or 
active  principles  of  the  spice. 

Bergot  has  constructed  an  apparatus  for 
rapidly  determining  the  quantity  of  oil  in  seeds, 
&c.,  by  means  of  carbon  disulphide.  It  consists 
of  a glass  vessel  in  the  neck  of  which  a cylin- 
drical glass  vessel  is  accurately  fitted,  and  at  the 
side  in  a tubulure  is  inserted  a small  air-pump. 
50  grams  of  the  finely  ground  seed  to  be  ex- 
amined are  placed  in  the  cyhndrical  glass 
vessel,  and  are  covered  with  a diaphragm 
upon  which  50  more  grams  are  placed  and 
covered  with  a second  diaphragm.  Carbon 
disulphide  is  now  poured  on  until  the  seed  is 
fully  moistened,  and  after  a few  minutes  a 
partial  vacuum  is  made  in  the  apparatus  by 
means  of  the  air-pump,  when  the  pressure  of  the 
air  drives  out  the  disulphide  and  oil  in  solution 
into  the  vessel  beneath.  This  is  repeated  until 
the  carbon  disulphide  comes  off  colourless  and 
leaves  no  oily  stain  on  contact  with  filter 
paper.  About  400  or  500  grams  of  carbon  di- 
sulphide are  sufficient  to  exhaust  the  above 
amount  of  seed. 

The  oily  solution  thus  obtained  is  heated 
ver  a water-bath,  and  as  soon  as  the  disulphide 
is  expelled,  the  residue  is  allowed  to  cool  and  is 
weighed. 

H.  L.  Greville  has  extracted  with  advantage 
the  carbon  disulphide  absorbed  in  the  purifiers 
of  the  gasworks.  The  lime  used  for  this  pur- 
pose, after  being  discharged  from  the  purifiers, 
is  introduced  into  a boiler  capable  of  receiving  a 
charge  of  several  hundredweights,  fitted  with  a 
perforated  false  bottom,  pressure  gauge,  and  an 
arrangement  for  admitting  steam.  The  yield  of 
carbon  disulphide  from  100  tons  of  spent  lime 
is  about  1|  tons.  In  addition  to  the  value  of 
the  crude  product  thus  obtained,  the  lime 


remaining  is,  with  a small  addition  of  fresh 
lime,  fit  for  further  use  in  the  purification  of 
coal  gas.  As  is  well  known,  oxide  of  iron, 
after  continued  use  in  the  absorption  of  sulphur- 
etted hydrogen  from  coal  gas,  contains  about 
50  p.c.  of  free  sulphur.  The  crude  carbon  di- 
sulphide, obtained  as  described,  can  be  used  for 
the  extraction  of  this  sulphur,  and  the  oxide 
which  remains  is  revivified,  and  is  again  fit  for 
purifying  purposes.  The  sulphur  is  recovered 
by  distillation,  and  the  carbon  disulphide  can 
be  used  over  again  (J.  Soc.  Chem.  Ind.  2,  488). 

The  principal  seats  of  manufacture  of  carbon 
disulphide  in  England  are  London,  Manchester, 
certain  towns  in  Yorkshire,  and  Ironbridge  ; in 
France,  Paris,  Bordeaux,  and  Marseilles.  Ger- 
many, Austria,  and  Sicily  have  several  manufac- 
tories. 

Carbon  monosulphide  (a;CS).  A reddish-brown 
powder  obtained  by  exposing  carbon  disulphide 
to  sunlight.  Insoluble  in  water,  alcohol, 
turpentine,  and  benzene  (Sidot,  Compt.  rend. 
69,  1303  ; 74,  180  ; 81,  32). 

It  is  also  formed  when  thiocarbonyl  chloride 
reacts  at  ordinary  temperature  with  nickel  car- 
bonyl: a;CSCl2+a;Ni(CO)4=a;NiCl2+4a;CO+(CS)*. 
The  reaction  also  takes  place  at  — 20°,  although 
more  slowly.  The  nickel  chloride  produced  is 
extracted  with  water,  and  the  brown  residue  is 
dried  by  heating  at  100°,  then  at  150°-200° 
under  reduced  pressure. 

Carbon  monosulphide  has  sp.gr.  1’6,  but  after 
compression  into  a sohd  block  the  sp.gr.  is  1 ’83. 
It  is  a non-conductor  of  electricity.  In  concen- 
trated sulphuric  acid  it  forms  a purplish-brown 
solution,  the  colour  of  which  is  destroyed  on 
boiling,  when  carbon  dioxide  and  sulphur  di- 
oxide are  evolved.  When  poured  into  water 
the  purplish-brown  solution  yields  the  unchanged 
monosulphide.  It  also  forms  brown  solutions 
in  aqueous  or  alcoholic  ammonia,  in  ammonium 
sulphide,  in  potassium-hydroxide  sulphide  and 
hy^osulphide.  With  nitric  acid  it  gives  a red 
solution.  When  heated  in  a vacuum  at  360°  or 
below,  no  change  takes  place,  only  a small 
quantity  of  hydrogen  sulphide  is  evolved,  but 
at  a dull  red  heat  it  decomposes  thus  : 

'2(CS)^=»'C+:rCS2 

When  carbon  disulphide  vapour  at  low 
pressure  is  subjected  to  the  action  of  the  silent 
electric  discharge,  sulphur  is  deposited,  and 
probably  gaseous  carbon  monosulphide  is 
evolved.  The  gas  can  be  collected  in  a tube 
cooled  with  liquid  air,  when  it  condenses  together 
with  carbon  disulphide.  If  the  temperature  of 
the  condensing  tube  is  allowed  to  rise,  the  mono- 
sulphide  polymerises  with  explosive  violence  to 
the  brown  solid  carbon  monosulphide  (CS)a;.  In 
presence  of  excess  of  carbon  disulphide,  the 
gaseous  monosulphide  is  fairly  stable  under 
certain  conditions  even  at  high  temperatures, 
but  it  is  completely  decomposed  when  passed 
through  10  c.m.  of  a red-hot  tube  packed  with 
asbestos.  (Dewar  and  Jones,  Proc.  Roy.  Soc. 
1910,  83,  A,  408,  526.  See  also  Dunn,  Chem. 
Soc.  Proc.  1910,  116  ; Dewar  and  Jones,  ibid. 
Trans.  1910,  1226 ; Dewar  and  Jones,  Proc. 
Roy.  Soc.  1911,  85,  574.) 

Carbon  oxysulphide  or  Carboxyl  sulphide  or 
Carbonyl  sulphide  COS.  Discovered  by  Than, 
in  1867  ; occurs  in  certain  hepatic  waters  or 
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mineral  springs.  Prepared  (1)  by  passing  a 
mixture  of  carbonic  oxide  and  vapour  of  sulphur 
; through  a hot  tube  : CO+S  = COS. — (2)  By  the 
) action  of  sulphuric  acid  upon  potassium  or 
i ' ammonium  thiocyanate  : 

CNKS  + 2SO4H2+OH2 

=C0S+S04HK+S04(NH4) 

The  gas  is  purified  by  passing  it  successively 
through  strong  caustic  alkah,  concentrated  sul- 
phuric acid,  and  finally  through  a mixture  of 
triethylphosphine  (1  part),  pyridene  (9  parts), 
and  nitrobenzene  (10  parts).  It  is  then  cooled 
to  10°-20°,  and  the  last  traces  of  impurities  are 
removed  by  liquefying  it,  when  the  impurities 
remain  uncondensed  (Hempel,  Zeitsch.  angew. 
Chem.  1901,  14,  865). — (3)  By  heating  together 
sulphur  trioxide  and  carbon  disulphide  : 

* C.S2-|-3S03=C0S+4S02  (Armstrong). — (4)  By 

heating  urea  with  carbon  disulphide  in  a sealed 
tube  to  110°  : COH4N2+CS2=COS-l-CNS-NH4. 
The  oxysulphide  is  given  off  together  with 
hydrogen  sulphide  on  opening  the  tube,  and  the 
latter  is  absorbed  by  passing  through  lead 
acetate  (Ladenburg).  It  is  also  formed  in  the 
combustion  of  carbon  disulphide  with  oxygen 
(Dixon  and  Russel,  Chem.  Soc.  Trans.  1899, 
610),  and  by  the  passage  of  the  dark  electric 
discharge  through  a mixture  of  carbon  disulphide 
and  carbon  monoxide  (Losanitsch  and  Jovit- 
schitsch,  Ber.  1897,  30,  135). 

Properties. — It  is  a colourless  gas,  and 
odourless  when  quite  pure  (Stock  and  Kuss). 
It  acts  strongly  on  the  nervous  system,  a rapid 
overpowering  action  following  the  inhalation 
of  small  quantities.  It  is  readily  inflammable, 
and  forms  with  oxygen  an  explosive  mixture 
(Russell,  Chem.  Soc.  Trans.  1900,  356).  The 
gas  is  soluble  in  water,  1 c.c.  dissolving  0’8  c.c. 
of  the  gas  at  13*5°  and  756  mm.  pressure.  The 
solution  gradually  decomposes,  forming  hydrogen 
sulphide  and  carbon  dioxide.  A platinum 
wire  heated  to  whiteness  in  the  gas  decomposes 
it  into  sulphur  and  carbonic  oxide,  the  latter 
occupying  the  original  volume  of  the  gas. 
It  has  a specific  gravity  of  2*1046,  and  may  be 
easily  poured  from  one  vessel  to  another.  When 
burnt  in  air,  it  produces  carbon  dioxide  and 
sulphur  dioxide.  With  caustic  alkalis,  it  yields 
a mixture  of  carbonate  and  sulphide 

C0g+4KH0=C03K2+K2S+2H20 

Carbon  oxysulphide  reacts  with  solutions  of 
metallic  salts,  forming  the  metallic  sulphide  and 
carbon  dioxide,  and  is  readily  oxidised  to 
carbon  dioxide  and  sulphuric  acid  by  bromine 
water  or  acid  permanganate. 

It  is  slowly  decomposed  by  acid  cuprous 
chloride,  thus  : 

COS+2CUCI+H2O-CO2+2HCI+CU2S 

(Berthelot,  Ann.  Chim.  Phys.  1898,  [7]  14,  205). 

With  magnesium  organic  compounds,  it  can 
be  employed  in  the  synthesis  of  thio-acids  and  of 
•s-trisubstituted  carbinols  (Wiegert,  Ber.  1903, 
36,  1007). 

Its  critical  temperature  is  105°,  and  its 
critical  pressure  is  60  atmospheres.  It  is 
liquefied  at  a pressure  of  12*5  atmospheres  and 
temperature  0°  to  a colourless,  mobile,  and 
highly  refractive  liquid,  D — 87°  1*24;  m.p. 

— 138*2°,  boiling  at  —50*2°,  at  760  mm.,  which 
dissolves  sulphur  and  mixes  with  alcohol  and 
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ether,  but  not  with  water  (Ilosvay,  Bull.  Soc. 
chim.  [2]  37,  294  ; Stock  and  Kuss,  Ber.  1917, 
50,  159). 

CARBON  SUBOXIDE  {Carbon  carbonyl  ; 
Carbonyl  ketene ; Malonic  anhydride)  CgOg. 
Discovered  in  1906  by  Diels  and  Wolf.  Pre- 
pared by  distilling  ethyl  malonate  under  reduced 
pressure  into  a vessel  containing  a large  excess 
of  phosphorus  pentoxide  and  some  glass  wool, 
the  vessel  being  kept  at  a temperature  of  300°. 
The  resulting  products  are  passed  through  a dry 
tube,  and  then  into  a vessel  immersed  in  liquid 
air  to  condense  the  ethylene  and  carbon  suboxide. 
The  ethylene  volatilises  from  the  mixture  at  the 
ordinary  temperature,  leaving  a small  quantity 
of  colourless  liquid.  This  is  volatilised  and 
collected  in  a tube  kept  at  between  60°  and  70° 
(Diels  and  Wolf,  Ber.  1906,  689).  Diels  and 
Meyerheim  {ibid.  1907,  355)  showed  that  carbon 
suboxide  may  be  obtained  by  similar  methods 
from  methyl,  benzyl,  and  phenyl  malonates  and 
also  from  ethyl  methanetricarboxylate ; and 
that  by  heating  malonic  acid  at  140°-150°  there 
is  formed  acetic  acid,  carbon  dioxide,  and  about 
10-12  p.c.  of  carbon  suboxide.  Staiidinger  and 
Bereza  obtained  carbon  suboxide  by  treating 
malonyl  chloride  with  silver,  lead,  or  zinc 
oxides  ; the  yield  is  only  10  p.c.  (Ber.  1908, 
4461).  By  treating  an  ethereal  solution  of 
dibrommalonyl  chloride  with  zinc  shavings,  a 
method  similar  to  that  for  preparing  the  ketenes, 
Staiidinger  and  Klever  obtained  a 50-80  p.c. 
yield  of  carbon  suboxide  (Ber.  1908,  906). 
Stock  and  Stoltzenberg  (Ber.  1917,  50,  498) 
find  that  the  poor  yields  of  carbon  suboxide 
usually  obtained  by  the  action  of  phosphoric 
oxide  on  malonic  acid  are  largely  due  to  the 
polymerisation  of  the  suboxide  under  the 
catalytic  influence  of  the  dehydrating  agent,  and 
they  describe  an  apparatus  in  which  the  suboxide 
is  rapidly  removed  by  carrying  out  the  reaction 
in  a vacuum  and  condensing  the  product  by 
liquid  air. 

The  pure  oxide  is  a colourless,  very  mobile, 
refractive  liquid  with  a pungent  smell  resembling 
acetaldehyde  and  mustard  oil.  It  is  poisonous. 
It  boils  at  7°  under  761  mm.,  and  its  vapour 
density  corresponds  to  the  formula  C3O2 ; 
m.p.  —107°  ( — 11 1*3°  Stock  and  Stoltzenberg)  ; 
density  of  liquid  1*11.  On  passing  the  vapour 
through  a constricted  tube,  a metallic  mirror 
resembling  arsenic  is  obtained.  At  low  tem- 
peratures, carbon  suboxide  is  quite  stable,  but 
between  0°  and  15°  a trace  of  impurity  rapidly 
polymerises  it  to  a red  solid.  This  polymeride 
is  very  hygroscopic,  and  on  addition  of  water, 
heat  is  developed,  carbon  dioxide  evolved,  and 
an  eosin-red  solution  formed  : by  heating  the 
red  compound  carbon  dioxide,  carbon  monoxide 
and  carbon  suboxide  are  formed,  and  at  higher 
temperatures,  carbon  monoxide  and  dioxide  are 
produced,  the  residue  being  a mixture  containing 
more  carbon  than  is  required  for  carbon  suboxide. 
By  keeping  carbon  suboxide  for  2 days  in  a 
sealed  tube  at  15°,  it  completely  changes  into 
the  polymeride,  forming  a dark-red  solid  mass, 
soluble  m water  to  a dark-red  solution  ; this 
change  is  instantaneous  at  100°.  Carbon 
suboxide  burns  with  a bright-blue  but  smoky 
flame,  forming  carbon  dioxide.  Carbon  suboxide 
does  not  combine  with  aldehydes,  Schiff’s 
bases  or  hydrogen  cyanide  (Diels  and  Lalin, 
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Ber.  1908,  3426),  but  in  liquid  sulphur  dioxide 
at  —40°  to  —50°  forms  a white  crystalline 
compound  with  formic  acid,  and  a colourless 
syrup  with  acetic  acid ; the  constitution  of 
these  compounds  is  doubtful.  Water  quickly 
reconverts  it  into  malonic  acid. 

Two  formulae  have  been  proposed  for  carbon 
suboxide  ; Diels  and  Wolf  represent  it  as  the 
anhydride  of  malonic  acid  0 : C : C : C : 0 ; 
Michael  (Ber.  1906,  1915  ; 1908,  425),  as  the 

lactone  of  j8-hydroxypropiolic  acid 

The  first  formula  seems  to  be  correct,  for  the 
following  reasons  (v.  Diels  and  Blumberg,  Ber. 
1908,  82,  1233) 

(1)  B,p.  7°.  Propiolic  acid  boils  at  144°,  and 
if  ^-hydroxypropiolic  acid  had  a boiling-point, 
it  would  boil  higher  still,  and  its  lactone  would 
certainly  not  boil  at  so  low  a temperature  as  7°. 

(2)  The  values  for  the  molecular  refraction 
and  molecular  dispersion  are  high:  M^=16’6  ; 

y— a=0'736,  0*739,  0*862  (three  determinations). 

(3)  Similarity  of  carbon  suboxide  to  the 
metallic  carbonyls. 

(4)  Similarity  to  the  isocyanates  and  ketenes. 

(5)  Addition  of  four  atoms  of  bromine  to 
form  dibrommalonyl  bromide  and  the  regenera- 
tion of  carbon  suboxide  from  this  compound. 

(6)  The  following  chemical  reactions  : — 

O ; C:  C : C : 0 + 2H20=HOOC'CH2’COOH(malonicacid). 
O ; C : C : C : 0-i-2HCl=C10C-CHo*COCl(malonyl  chloride). 
0:C:C:C:0-f2NH3 

=H2]Sr'OC  CH2‘CONH2  (malonamide). 
0:C;C:C:0+2CeH5NH2 

^OgHg'HN'OC'CHg’CONH'CgHg  (malonanilide). 

(7)  The  improbability  of  the  existence  of  a 
)3-lactone  containing  two  carbon  atoms  triply 
linked  together  (v.  Ketones). 

CARBONADO  v.  Diamond. 

CARBONITE,  or  natural  coke.  A coke-like 
material  formed  by  the  baking  action  of  intru- 
sive igneous  rock-masses  on  seams  of  bituminous 
coal.  Found  in  Ayrshire  and  in  Chesterfield  co., 
Virginia.  L.  J.  S. 

CARBONITE.  An  explosive  consisting  of 
nitroglycerine,  25-27  parts  ; barium  nitrate  and 
potassium  nitrate,  30-36  parts ; wood  meal, 
40-43  parts  ; sodium  carbonate,  0*5  parts  (v. 
Explosives). 

CARBONYLS.  Metallic  compounds  of  car- 
bon monoxide.  The  existence  of  this  class  of 
compounds  was  first  made  known  in  1890,  when 
Mond,  Danger,  and  Quincke  discovered  that 
carbon  monoxide,  passed  over  heated,  finely 
divided  nickel,  yielded  a colourless  volatile 
liquid. 

Iron,  cobalt,  molybdenum,  and  ruthenium 
have  since  been  found  to  yield  carbonyls  by 
similar  treatment. 

The  production  of  the  carbonyl  is  facilitated 
by  conducting  the  operation  under  pressure  and, 
in  most  cases,  at  a fairly  high  temperature. 

For  the  production  of  the  iron  and  nickel 
compounds,  the  carbon  monoxide  is  simply 
passed  over  the  heated  metal,  but  for  the  other 
compounds  a special  apparatus  is  used.  This 
consists  of  a nickel-steel  tube,  in  the  form  of  a 
test-tube,  capable  of  withstanding  a pressure  of 
500  atmospheres  and  a temperature  of  450°.  It 
is  copper  lined  to  prevent  the  action  of  carbon 
monoxide  upon  the  iron.  The  carbon  monoxide 
under  pressure  is  led  in  through  a pressure  valve 


and  down  a copper  tube  reaching  almost  to  the 
bottom  of  the  nickel-steel  tube,  where  it  comes 
in  contact  with  the  metal  to  lie  experimented 
upon,  contained  in  a glass  tube  loosely  fitted 
to  the  top  of  the  apparatus.  The  excess  of  the 
carbon  monoxide,  and  other  vapours,  escape 
through  a pressure  valve  and  pass  through  a 
tube  immersed  in  a freezing  mixture,  in  which 
any  compound  that  is  formed  is  collected 
(Chem.  Soc.  Trans.  1910,  97,  798). 

The  carbonyls  have  very  similar  chemical 
properties.  Upon  heating,  in  some  cases  an 
intermediate  compound  is  formed,  but  they  all 
decompose  ultimately,  yielding  the  metal,  which 
is  deposited  as  a bright  mirror,  and  carbon 
monoxide.  Dilute  acids  are  practically  without 
action  upon  them,  but  strong  acids  decompose 
them  readily,  giving  the  corresponding  salt, 
with  the  evolution  of  carbon  monoxide  and  hydro- 
gen. The  halogens  also  decompose  them.  All 
are  decomposed  by  moist  air,  giving  precipitates 
of  the  metallic  hydroxides  and,  in  some  cases, 
what  is  probably  a hydrated  basic  carbonate. 
They  are  more  or  less  soluble  in  the  common 
organic  solvents,  but  all  are  insoluble  in  water. 

In  physical  properties,  they  vary  con- 
siderably ; thus,  in  volatility,  they  range  from 
the  non-volatile  Fe2(CO)4  of  sp.gr.  2*08  to  the 
very  volatile  Ni(CO)4  of  sp.gr.  1*32.  They  are 
highly  coloured,  except  in  the  cases  of  molyb- 
denum and  nickel  carbonyls,  which  are  white 
and  colourless  respectively.  Some  can  exist  in 
the  three  states  of  solid,  liquid,  and  vapour,  and 
others  in  only  one  or  two  of  these  phases. 

Owing  to  their  diversity  in  composition,  a 
general  chemical  formula  cannot  be  assigned  to 
them,  but  it  is  probable  that  thev  are  similarly 

DO -CO 

constituted.  A ring  formula,  e.g  Ni^  | 

\co*co 

does  not  explain  all  their  properties,  and  the 
compound  Fe2(CO)9  cannot  be  brought  into  line 
with  the  other  compounds  which  only  contain 
one  atom  of  the  metal.  Presumably  they  have 
a molecular  rather  than  an  atomic  constitution 
(Mond,  Hertz  and  Cowap,  l.c.).  The  various 
known  carbonyls  are  described  under  the  several 
metals. 

CARBORUNDUM  {Crystalline  silicon  car^ 
hide)  SiC.  This  compound  was  discovered 
accidentally  by  Acheson,  in  1891,  and  is  now 
manufactured  under  his  patent  (Eng.  Pat. 
.17911,  1892)  by  the  Carborundum  Co.  at 
Niagara  Falls,  U.S.A.,  and  to  a smaller  extent  in 
Canada. 

Preparation. — Amorphous  silicon  carbide  is 
formed  by  heating  carbon  and  silica  together  at 
about  1200°,  as  a greenish  powder  (Schutzen- 
berger,  Compt.  rend.  114,  1089),  but  carborun- 
dum is  only  formed  at  a temperature  of  1950° 
(Tucker  and  Dampen,  J.  Amer.  Chem.  Soc.  1906, 
28,  853)  (1820°  according  to  Gillett),  which  is 
attained  by  means  of  the  electric  arc.  Moissan 
thus  prepared  pure  silicon  carbide  from  the 
vapours  of  carbon  and  silicon  (Compt.  rend. 
1893,  114,  1089). 

The  method  of  manufacture  used  at  Niagara 
is  as  follows  : — The  furnaces  are  built  of  firebrick 
and  are  about  16  feet  long  x 5 feet  high  x 5 feet 
wide.  The  ends  are  solid,  about  2 feet  thick, 
and  carry  the  terminals.  Each  terminal  con- 
sists of  60  carbon  rods,  30  inches  long  and 
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3 inches  diameter,  into  the  ends  of  which  fit 
copper  plugs  which  in  turn  fit  into  sockets  in  a 
square  copper  plate  bolted  to  the  outside  of  the 
wall,  and  connected  with  the  leads.  Only  the 
end  walls  and  the  bed  are  permanent ; the  sides 
are  built  up  with  the  charge  and  taken  down  to 
remove  the  product. 

In  charging,  the  furnace  is  half  filled  with 
the  materials,  which  must  not  touch  the  elec- 
trodes ; and  a cylindrical  core  21  inches  diameter, 
composed  of  pieces  of  coke  f inch  diameter, 
is  built  up  between  the  electrodes.  Over  this 
the  charge  is  built  up  to  a height  of  8 feet.  The 
current  passes  through  the  coke  and  forms 
numerous  arcs  which  heat  the  charge  to  a 
very  high  temperature.  The  charge  is  corn- 


posed  of  : 

Coke  .... 

34 '2  parts 

Sand  .... 

54-2  „ 

Sawdust 

9'9  „ 

Salt  .... 

1-7  „ 

The  salt  is  added  as  a flux  ; 

the  sawdust  to 

increase  the  porosity  of  the  charge  and  allow 
the  escape  of  the  carbon  monoxide  formed  in 
the  reaction  : 

Si02+2C-Si-f2C0 

Si+C=SiC 

During  the  run,  about  6 tons  of  this  gas  are 
given  off  ; it  is  allowed  to  burn  at  the  top  of  the 
furnace. 

The  alternating  current  supplied  by  the 
Niagara  Power  Co.  at  2200  volts  is  transformed 
down  to  165  volts,  and  a large  water  rheostat  is 
used  to  regulate  or  interrupt  the  current,  the 
usual  means  being  too  dangerous  with  the  heavy 
currents  used.  At  the  beginning  of  a run,  the 
E.M.F.  is  165  volts,  but  within  1|^  hours  the 
resistance  decreases  and  the  E.M.F.  is  reduced 
to  125  volts  ; during  this  period,  the  current 
increases  from  1700  amperes  to  6000  amperes. 
The  conditions  then  remain  steady  during  the 
whole  run  of  36  hours. 

A modification  of  the  process  consists  in  pre- 
heating the  charge  by  combustion  of  gaseous  or 
solid  fuel  (Tone  and  the  Carborundum  Co. 
U.S.  Pat.  908357,  1908).  By  moving  the  po- 
sition of  the  arc  relatively  to  the  charge,  the 
process  may  be  made  continuous  {ibid.  U.S.  Pat. 
937119,  1909). 

The  charge  per  furnace  is  about  30,000  lbs., 
of  which  the  core  forms  about  3 p.c.,  the  energy 
used  is  about  26,400  kilowatt-hours,  and  the 
product  contains  about  6700  lbs.  of  carborun- 
dum and  5000  lbs.  of  amorphous  silicon  car- 
bide. 

The  carborundum  is  dug  out  in  large  masses 
and  pounded  with  water  in  a mechanical 
crusher,  and  then  digested  with  sulphuric  acid 
(1:2)  for  3 days  at  100°,  and  finally  washed  with 
water.  The  finer  portions,  which  are  washed 
away,  are  collected  separately  and  known  as 
flours.  The  residue  is  dried  in  a kiln  and  graded 
through  a system  of  screens.  Hand-washed 
powders  are  of  various  grades  of  fineness,  accord- 
ing to  the  length  of  time  they  remain  suspended 
in  water  (Kohn,  J.  Soc.  Chem.  Ind.  1897, 
863). 

Some  analyses  of  these  products  are  tabulated 
above : — 


I. 

II. 

III. 

IV. 

V. 

Si 

70-00 

69-93 

62-70 

69-10 

65-42 

C 

30-00 

29-90 

32-26 

30-20 

27-93 

AI2O3  \ 
FeoO<i  f 

— . 

— 

0-93 

0-46 

5-09 

CaO 

— 

— 

— 

0-15 

0-38 

MgO 

' 

" ■ ■ 

0-11 

' ■ ' ■ 

0-21 

I.  is  the  calculated  composition  for  SiC ; 
11.  is  Moissan’s  pure  product  (Compt.  rend. 
1893,  114,  1089);  III.  is  commercial  carborun- 
dum ; IV.  is  the  same  after  purification  by 
Muhlhauser’s  method — heating  in  oxygen  for 
1 hour  and  treating  with  hot  sulphuric  and 
hydrofluoric  acids  (Dingl.  poly.  J.  1893,  289, 
164)  ; V.  is  amorphous  silicon  carbide. 

Weber  has  patented  a method  of  production 
from  kaohn  and  coke  in  the  electric  furnace.  The 
product  is  treated  with  water,  which  decomposes 
the  aluminium  carbide,  leaving  the  carborun- 
dum (U.S.  Pat.  728528,  1903). 

The  production  of  a dense,  compact  variety, 
by  the  action  of  the  vapours  of  carbon  and 
silicon  upon  silicon  carbide  has  been  patented 
by  the  Carborundum  Co.  (U.S.  Pat.  913324) 
and  by  Bouvier  (Fr.  Pat.  350369,  1904).  It 
is  very  hard,  resists  acid,  and  is  a good  insu- 
lator. 

Its  preparation  from  silicon  monoxide  and 
carbon  has  been  described  bv  Potter  and  Westing  • 
house  (U.S.  Pat.  875673,  1907). 

Articles  may  be  formed  in  pure  carbon  and 
afterwards  converted  into  carborundum  by 
heating  to  a very  high  temperature  in  a bed  of 
finely  powdered  carborundum  or  of  sand  and 
carbon  (Bolling,  Eng.  Pat.  6693,  1905  ; D.  R.  P. 
195533  ; Fr.  Pat.  353017). 

Properties, — Carborundum  crystallises  in 
flattened  hexagonal  rhombohedra,  having  an 
adamantine  lustre  and  a hardness  of  9 *5  (Muhl- 
hauser,  Zeitsch.  anal.  Chem.  1893,  637).  The 
colour  of  the  commercial  product  is  greenish- 
grey  to  yellow  or  blue  ; obtained  pure  from 
pure  materials,  the  compound  is  colourless. 
Its  sp.gr.  is  3 '23  at  15°  (Fitzgerald,  J.  Soc.  Chem. 
Ind.  1897,  246). 

It  is  infusible  and  quite  unaffected  up  to  a 
temperature  of  2220°,  when  it  decomposes  into 
silicon  and  graphitic  carbon  (Tucker  and 
Dampen,  J.  Amer.  Chem.  Soc.  1906,  28,  853). 
Acids  have  no  action  upon  it,  but  it  is  attacked 
by  fused  alkalis  with  formation  of  a silicate  and 
carbon. 

The  determination  of  silicon  in  carborundum 
is  made  by  converting  it  to  silicate  as  above,  and 
precipitating  as  silica ; carbon  is  estimated  by 
oxidising  the  finely  powdered  substance  with  lead 
chromate  (Matthews,  J.  Soc.  Chem.  Ind.  1895, 
755  ; Miihlhauser,  Zeitsch.  anal.  Chem.  1893, 
637). 

Use.'^. — Carborundum  is  used  chiefly  instead 
of  emery  as  an  abrasive.  Though  it  is  mi)re 
costly,  it  does  the  same  work  more  effectively  in 
one-third  to  one-fourth  the  time  (Miihlhauser, 
I.C.).  The  powder  is  used  in  glass  cutting  and 
grinding,  and  for  polishing. 

It  is  made  up  into  wheels,  hones,  &c.,  by 
mixing  with  moistened  kaolin  and  felspar, 
moulding  under  hydraulic  pressure,  and  firing 
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the  articles  in  a kiln  for  7 days.  Other  binding 
materials,  such  as  shellac,  are  used  for  special 
purposes,  and  papers,  similar  to  emery  paper, 
are  made.  The  binding  material  may  be  dis- 
pensed with  by  moulding  the  carborundum  with 
water  and  then  heating  the  articles  to  2500°F.  in 
an  oxidising  flame  (Imray,  Eng.  Pat.  9963,  1904  ; 
Tone,  U.S.  Pat.  772262). 

Carborundum  can  be  used  instead  of  diamond 
for  drill  heads,  if  incorporated  in  a suitable 
metallic  or  ceramic  matrix  (Bouvier,  Er.  Pat. 
373338,  1907). 

Sihcon  carbide  is  used  instead  of  ferro-silicon 
as  a source  of  silicon  in  steel  making.  About 
OT-0’4  p.c.  is  placed  in  the  ladle  and  dissolves 
readily  in  the  molten  steel,  ensuring  solid 
castings  (Kaufmann  and  Bouvier,  Er.  Pat. 
344906,  1904  ; Eng.  Min.  J.  75,  481). 

The  amorphous  silicon  carbide,  formerly  a 
waste  product,  is  used  for  making  highly  re- 
fractory firebricks  and  the  retorts  for  zinc 
distilling  (Chesneau,  Ann.  Chim.  anal.  appl.  1908, 
13,  85).  A refractory  cement  is  made  from  car- 
borundum 90-60  parts,  fireclay  10-40  parts, 
lime  0-4  parts,  and  water-glass  solution  47°Be. 
20-50  parts,  mixed,  dried,  and  repowdered 
(Muller,  Er.  Pat.  338914,  1903). 

Neumann  has  shown  that  silicon  carbide 
reduces  silver,  copper,  nickel,  and  lead  from  the 
chlorides  (Chem.  Zeit.  1900,  24,  1013). 

By  the  action  of  silicon  carbide  on  metallic 
oxides,  many  metallic  silicides  may  be  obtained. 
This  reaction  may  be  used  for  the  preparation  of 
special  ternary  or  quaternary  steels  at  a single 
operation  (Baradac -Muller,  Soc.  Mg.  Cie.  de 
France,  Proc.-verb.  1908,  245). 

o-CARBOXYPHENYLTHIO  G L Y C 0 L L I C 
ACID.  o - CARBOXYPHENYLTHIOLACETIC 
ACIDv.  Phenylthioglycol-o-cabboxylic  acid. 

CARBURINE,  Trade  name  for  a variety  of 
petroleum  spirit ; sp.gr.  0‘68.  Used  as  an 
‘ enricher  ’ of  coal  gas, 

CARCLAZITE  or  CARCLAZYTE.  A name 
suggested  by  J.  H.  Collins  (The  Hensbarrow 
Granite  District,  Truro,  1878)  for  the  china-clay- 
rock  from  which  china-clay  is  prepared.  So 
named  from  the  Carclaze  mine,  near  St.  Austell, 
in  Cornwall.  Jj.  J.  S. 

CARDAMOM  OIL  v.  Oils,  Essential. 

CARDAMOM  SEEDS.  Cardamomi  Semina, 
B.P.  The  dried  ripe  seeds  of  Eletteria  Carda- 
momum  (Maton). 

CARDINAL-RED,  Syn.  Acid,  magenta  {v. 
Triphenylmethane  colouring  matters). 

CARDOL.  A non-volatile  oil  found  in  the 
pericarp  of  the  cashew  nut,  Anacardium  occi- 
dentale  (Lmn.). 

CARICIN.  An  oil  found  in  the  seeds  of  the 
papaw  tree,  Carica  papaya  . (Linn.)  (Peckolt, 
Pharm.  J.  [3]  10,  343). 

CARMINAPH  V.  Azo-  colouring  matters. 

CARMINAPH  GARNET  v.  Azo-  colouring 
matters, 

CARMINAZARIN  v.  Cochineal. 

CARMINE.  The  red  colouring  matter  ex- 
tracted from  the  cochineal  insect.  It  is  of  some- 
what variable  ‘composition,  containing  besides 
the  colouring  matter  some  organic  matter  from 
the  insects  and  a little  of  the  salt  used  to  pre- 
cipitate it  from  solution. 

Preparation. — The  powdered  cochineal  is 
boiled  with  water,  the  solution  filtered  or  al- 


lowed to  settle,  and  the  colouring  matter  pre- 
cipitated by  addition  of  some  salt,  such  as  alum, 
stannous  chloride,  cream  of  tartar,  Roman  alum, 
&c.  The  precipitate  is  allowed  to  settle,  and  col- 
lected. Sometimes  fish  glue  or  white  of  egg  is 
added  before  precipitation.  Carmine  is  some- 
what soluble  in  water  and  very  freely  soluble  in 
alkaline  solutions.  The  whole  of  the  colouring 
matter  is  immediately  precipitated  by  alum  in 
the  form  of  a lake. 

In  dyeing  with  carmine,  a mordant  of  alum 
or  stannous  chloride  is  used.  Kielmeyer  recom- 
mends the  following  mixture  for  printing  on 
woollen  goods  : 14  kilos,  gum,  17  "5  kilos,  cochi- 
neal lake,  and  2 ‘25  kilos,  fustic  lake,  are  mixed 
and  warmed  with  15  lit.  water  till  the  gum  is  dis- 
solved, then  1 kilo,  of  oxalic  acid  and  1'75  kilos, 
acid  sodium  oxalate  added,  and  the  mixture 
allowed  to  cool,  after  which  2 ‘25  kilos,  sodium 
acetate  are  added.  After  printing,  the  fabric 
must  be  dried  for  a day  or  two,  steamed  under 
a slight  pressure,  and  washed  in  a stream  of 
water. 

Detection  of  carmine  in  cloth. — Alcohol 
takes  no  colour  from  the  cloth,  but  when  it  is 
boiled  in  solution  of  aluminium  sulphate  the 
solution  turns  red  and  the  colour  is  unchanged 
by  the  addition  of  acid  sodium  sulphate. 

The  absorption  spectrum  of  carmine  in 
alkaline  solution  is  remarkable,  showing  two 
dark  bands  between  the  lines  D and  E very 
similar  to  those  of  blood.  Murexide  and  madder 
show  no  such  bands.  When  wine  is  coloured 
with  carmine,  the  characteristic  absorption 
bands  cannot  be  seen  unless  more  than  12  p.c.  of 
the  total  colour  is  due  to  carmine  (Gautier),  but 
the  adulteration  can  be  detected  by  adding 
alum,  when  the  colour  changes  to  a rose 
tint. 

It  is  said  that  the  finest  shades  of  carmine  can 
only  be  obtained  by  working  in  direct  sunlight 
(v.  Cochineal). 

CARMINIC  ACID  v.  Cochineal. 

CARMOISINE.  Syn.  for  Azorubin  {v.  Azo- 
colouring matters). 

CARMUFELLIC  ACID  An  acid 

crystallising  in  thin  plates,  said  to  be  formed  by 
the  action  of  nitric  acid  on  oil  of  cloves  (Muspratt 
and  Dawson,  Phil.  Mag.  [4]  2,  293). 

CARNALLITE.  Hydrated  double  chloride 
of  potassium  (KCl  26‘8  p.c.)  and  magnesium, 
KCkMgClg'fiHgO.  It  occurs  abundantly  in  the 
uppermost  layers  (‘  carnallite  zone  ’)  of  the  beds 
of  abraam-salts  in  the  Prussian  salt  deposits, 
and  is  the  chief  commercial  source  of  potas- 
sium chloride.  It  is  also  found  at  Wittelsheim 
in  Upper  Alsace.  The  mother-liquor,  remain- 
ing after  the  potassium  chloride  has  crystallised 
out,  contains  traces  of  bromine  and  rubidium, 
the  former  of  which  is  a valuable  by-product. 
Thallium  has  also  been  detected  in  traces.  When 
pure,  the  mineral  is  colourless  and  water- clear, 
but  it  is  often  coloured  yellowish  or  reddish  by 
intermixed  impurities.  Red  carnallite  owes  its 
colour  and  metallic  sheen  (resembling  that  of 
sunstone)  to  the  presence  of  minute  scales  of 
haematite.  Crystals  are  rare  ; they  are  ortho- 
rhombic, and  have  the  form  of  six-sided 
pyramids  with  numerous  well- developed  faces. 
Owing  to  the  extreme  deliquescence  of  the  salt, 
crystals  must  be  preserved  in  sealed  vessels. 
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Camallite  and  bromcarnallite,  in  which  bromine 
takes  the  place  of  chlorine  in  the  above  formula, 
have  been  prepared  artificially  from  solutions 
containing  a large  excess  of  magnesium  chloride 
and  at  a temperature  of  over  25°.  L.  J.  S. 

CARNAUBA  WAX  or  CARNAHUBA  WAX 

V.  Waxes. 


CARNAUBIC  ACID  C23H47COOH  is  ob- 
tained from  Carnauba  wax  ; m.p.  72'5°  (Stiircke, 
Annalen,  1884,  223,  283  ; Darmstaedter  and 
Lifschiitz,  Ber.  1896,  619,  2899). 

CARNELIAN  v.  Chalcedony. 

CARNINE  is  the  name  given  to  a base 
isolated  from  meat  extract  by  Voit  (Weidel, 
Annalen,  1871,  158,  353)  ; it  occurs  also  in 
beer  yeast  extract  (Schutzenberger,  Chem. 
Zentr.  1877,  73),  in  the  muscle  of  some  fresh- 
water fish  and  frog’s  flesh  (Kruckenberg  and 
Wagner,  ihid.  1884,  107),  and  in  beet  juice  (v. 
Lippmann,  Ber.  1896,  29,  2645).  Carnine 
crystallises  in  chalk-white  druses,  is  sparingly 
soluble  in  cold,  readily  so  in  hot,  water,  insoluble 
in  alcohol  or  ether  ; it  forms  a crystalflne  hydro- 
chloride and  platinichloride,  and  a sparingly 
soluble  compound  with  silver  nitrate  (Weidel, 
lx.). 

Haiser  and  Wentzel  (Monatsh.  1908,  29,  157) 
have  shown  that  carnine  is  an  approximately 
equal  molecular  mixture  of  hypoxanthine  and 
inosine  CJ0H12O5N4,  and  the  two  are  separated 
by  the  action  of  acetic  anhydride  which  converts 
the  inosine  into  the  acetate  C4oIl902N4(OAc)3, 
m.p.  236°  (decomp.).  Inosine  crystallises  in 

silky  needles,  m.p.  215°  (decomp.),  49-2°, 

and  100  c.c.  of  aqueous  solution  saturated  at  20° 
contains  1‘615  grams.  When  inosine  is  hydro- 
lysed by  sulphuric  acid  it  yields  hypoxanthine 
and  a pentose,  originally  termed  carnose  by 
Levene  and  Jacobs  (Ber.  1909,  42,  2102,  2474). 
and  afterwards  identified  with  a-ribose.  Inosine 
is  closely  related  to  inosic  acid  {hypoxanthine 
phosphoriboside)  (Levene  and  Jacobs,  ivid.  1910, 
43,  3147  ; Proc.  Amer.  Soc.  Biol.  Chem.  1910, 
25  ; Haiser  and  Wentzel,  Monatsh.  1909,  30, 
147),  for  by  heating  a dilute  aqueous  solution 
of  barium  inosate  at  125°-130°  for  6 hours, 
inosine  and  barium  phosphate  are  formed.  The 
relation  between  the  two  compounds  is  probably 
represented  by  the  following  formulae  : 

^N— C— N 
H H H CHf  II  11 

0 : P(0H)20-CH2-C— C— C— CH>N— C CH 

! OH  OH  ! I ' 

^0  CO-NH 

Iiiosic  acid. 


H H H 

OH-CH,-C— C— C— CH  'N— C CH 
OH  OH 


0 


CO-NH 


Inosine. 

M.  A.  W. 

CARNITINE  CyHjgOgN,  a base  isolated  from 
Liebig’s  beef  extract  and  present  also  in  fresh 
beef  ; is  readily  soluble  in  water  yielding  an 
alkaline  solution ; the  nitrate  crystallises  in 
needles  and  has  [a]^  about  —22°;  the  platin- 

chloride  Ci4H320gN2,PtClg  forms  minute  orange- 


red  needles,  m.p.  214°-218°  (decomp.)  (Gule- 
witsch  and  Krimberg,  Zeitsch.  physiol.  Chem. 
1905,  45,  326)  ; the  hydrochloride  is  hygroscopic 
and  laevo-rotatory.  The  aurichloride 

C7H16O3NAUCI4 

forms  pale  yellow  needles  and  orange  needles  or 
prisms,  m.p.  150°  ; the  mercurichloride 

C7H4503N,HCl,6HgCl2 

is  an  oil  that  slowly  crystallises  ; the  compou'nd 
C7H4503N,2HgCl2  has  m.p.  196°-197°  (Krim- 
berg, ibid.  1907,  50,  361).  The  monoacetyl  de- 
rivative of  the  hydrochloride  OAc-C7H,5Q2N,HCl 
forms  a yellow  crystalline  platinichloride 

(C,H4e03N)2PtCle 

m.p.  199°  (Engeland,  Ber.  1909,  42,  2457).  The 
ethyl  ester  is  identical  with  Kutscher’s  oblitine 
(Zeitsch.  Nahr.  Genussm.  1905,  10,  534),  (Krim- 
berg, Zeitsch.  physiol.  Chem.  1908,  58,  417  ; 
Ber.  1909,  42,  3878  ; Engeland,  l.c.). 

Carnitine  is  identical  with  Kutscher’s  novaine 
(Krimberg,  Zeitsch.  physiol.  Chem.  1908,  55, 
466  ; Engeland,  Ber.  1909,  42,  2457),  and  is 
probably  a hydroxy  derivative  of  a betaine,  since 
on  reduction  with  hydrogen  iodide  and  red 
phosphorus  at  130°,  it  yields  a product  identical 
with  Willstatter’s  y-trimethylbutyrobetaine 

(Ber.  1902,  35,  584 ; see  also  Fischer  and 
Goddertz,  Ber.  1910,  43,  3272-3280).  Krimberg 
(Zeitsch.  physiol.  Chem.  1907,  53,  514).  Accord- 
ing to  Engeland  (Ber.  1909,  42,  2457  ; 43,  2705) 
and  Rollett  (Zeitsch.  physiol.  Chem.  1910,  69, 
60),  carnitine  hydrochloride  is  the  chloride  of  a- 
hydroxy-7-trimethylamino-?^-butyric  acid 

NMe3Cl-CH2-CH2'CH(0H)-C02H  ; 

the  isomeride,  ;8- hydroxy- trime  thy  lamino  butyric 
acid  chloride  crystallises  in  needles,  gives  a 
chloroaurate,  m.p.  145°,  which  decomposes 
225°  (Engeland,  ibid,  1910,  43,  2705-2707). 
V.  Betaines.  M.  A.  W. 

CARNOSINE  C9H14O3N4,  a base  isolated 
from  Liebig’s  extract  of  beef  (see  Smorodinzew, 
Zeitsch.  physiol.  Chem.  1913,  87,  20  ; ibid.  92, 
19  and  227,  for  the  percentage  of  carnosine  found 
in  muscle  extracts)  is  soluble  in  water,  crystal- 
lises in  rosettes  of  large  colourless  needles, 
m.p.  246°-250°  (decomp.).  It  has  [a]D+21 
independently  of  the  concentration  (Gulewitsch 
(Zeitsch.  physiol.  Chem.  1913,  87,  6-11),  and  has 
a strongly  alkaline  reaction.  The  vapours  of 
carnosine  give  the  pyrrole  reaction  with  a pine 
splinter,  Gulewitsch  (ibid.  87,  8)  Carnosine 
may  be  precipitated  from  an  aqueous  extract  of 
muscle  by  a saturated  solution  of  mercuric 
sulphate  in  5 p.c.  sulphuric  acid  ; the  precipita- 
tion is  accelerated  by  the  addition  of  two 
volumes  of  alcohol  and  a little  ether  (Dietrich, 
Zeitsch.  physiol.  Chem.  1914,  92,  212-213). 
Smorodinzew  (ibid.  214-220)  recommends  a 
10  p.c.  solution  of  mercuric  sulphate  in  5 p.c. 
sulphuric  acid  solution.  Carnosine  can  be 
isolated  by  precipitation  with  a copper  salt, 
Mauthner  (Monatsh.  34,  883-900).  The  nitrate 
CgHigOgNg  crystallises  in  large  stellate  clusters 
of  needles,  m.p.  219°  (decomp.),  [a]1^5°+22-2, 

P=7-603  p.c.,  c=7’820  p.c.  The  rotatory  power 
increases  slightly  on  dilution  ; it  falls  to  about 
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hall;  its  value  in  presence  of  nitric  acid  (Gule- 
witsch,  ibid.  1-6)  ; the  copper  derivative 

is  crystalline  and  decomposes  at  220°.  The 
sih^er  derivative  and  acid  double  salt  with  silver 
nitrate  closely  resemble  the  corresponding 
derivatives  of  arginine  (Gule witsch  and  Ami- 
radzibi,  Ber.  1900,  33,  1902).  Carnosine  is 
probably  identical  with  Kutscher’s  ignoiine 
(Zeitsch.  Nahr.  Genussm.  1905,  10,  528  ; Gule- 
witsch,  Zeitsch.  physiol.  Chem.  1906,  50,  204  ; 
51,  258  ; 52,  527).  Compare,  however,  Kutscher 
{ibid.  1907,  50,  445  ; 51,  545). 

When  carnosine  is  hydrolysed  by  boiling 
with  barium  hydroxide  it  yields  histidine,  the 
other  product  of  hydrolysis  being  probably 
alanine 

CgHi.OgN^  + H^O^CeHeO^Na  + CgH.OaN 

According  to  Gulewitsch  (Zeitsch.  physiol.  Chem. 
1911,  73,  434-446)  three-quarters  of  the  carno- 
sine nitrogen  belongs  to  histidine  and  the  rest  to 
/3- alanine. 

That  carnosine  is  ^-alanylhistidine  is  shown 
by  its  synthesia  from  histidine  and  /3-iodopro- 
pionyl  chloride  (Baumann  and  Ingvaldsen, 
J.  Biol.  Chem.  1918,  35,  263).  This  is  further 
proved  by  its  behaviour  towards  2.4.5-trinitro- 
toluene.  It  has  been  synthesised  by  condensing 
)8-nitropropionyl  chloride  with  histidine  methyl 
ester  and  reducing  the  resulting  products  with 
stannous  chloride  and  hydrochloric  acid  (Barger 
and  Tutin,  Bio-Chem.  J.  1918,  12,  402). 

The  carnosine  content  of  flesh  extracts  may 
be  estimated  by  two  colorimetric  methods 
which  control  one  another ; the  one  depends 
on  the  colour  yielded  by  the  histidine  complex 
in  the  carnosine  molecule  with  diazobenzene- 
sulphonic  acid  (Weiss  and  Sobolev,  Biochem. 
Zeitsch.  1913,  58,  119-129)  ; the  other  on  the 
violet  colour  yielded  by  carnosine  when  boiled 
with  cupric  hydroxide,  Fiirth  and  Hryntschak 
(Biochem.  Zeitsch.  1914,  64,  172-194). 

M.  A.  W. 

CARNOTITE,  A hydrated  vanadate  of 
uranium  and  potassium,  occurring  abundantly 
as  a bright  canary -yellow  powder  disseminated 
in  sandstone  in  western  Colorado.  C.  Friedel 
and  E.  Cumenge  (Compt.  rend.  1899,  128,  532), 
by  whom  it  was  first  described  and  named  (after 
A.  Carnot),  expressed  the  composition  by  the 
formula  2U203'V205'K20'3H20.  Detailed  an- 
alyses were  made  by  W.  F.  Hillebrand  (Amer.  J. 
Sci.  1900,  10,  120),  and  he  concluded  that  the 
mineral  is  not  simple,  but  a mixture.  This  view 
is,  however,  not  borne  out  by  T.  Crook  and  G.  S. 
Blake  (Min.  Mag.  1910,  15,  271),  who  find  that 
the  material,  both  from  Colorado  and  from 
South  Australia,  is  definitely  crystallised  in 
minute  plates  possessing  orthorhombic  sym- 
metry and  with  characters  analogous  to  those  of 
autunite  [Ca(U02)2P2C>83H20].  The  original 
material  was  found  by  M.  and  Mme.  Curie  to 
contain  radium  and  polonium. 

The  carnotite-bearing  sandstones  occur  over 
an  extensive  tract  of  country  on  both  sides  of  the 
Colorado-Utah  boundary,  the  richest  deposits 
being  in  the  neighbourhood  of  La  Sal  Creek, 
Roc  Creek,  and  Paradox  Valley,  in  Montrose  Co., 
and  in  San  Miguel  and  Dolores  Cos.,  in  south- 
west Colorado  ; other  deposits  are  met  with  near 
Coal  Creek  in  Rio  Blanco  Co.  and  Skull  Creek  in 


Routt  Go.  in  north-west  Coiorado,  and  at  Mauch 
Chunk,  Pennsylvania.  Most  of  these  deposits 
are  in  Jurassic  (La  Plata)  sandstone,  but  some 
of  those  in  the  N.W.  are  in  sandstones  of 
Cretaceous  age.  They  have  been  mined  at 
several  spots,  and  a plant  for  the  extraction  of 
uranium,  radium,  and  vanadium  salts  has  been 
erected  near  Cedar  in  San  Miguel  Co.,  Colorado  ; 
but  the  sandstone  ore  is  of  a low  grade,  and  the 
difficulties  of  transport  are  considerable.  An 
average  sample  of  marketed  ore  assayed 
UgOg  11 ‘49  p.c.  and  VgOg  6'40  p.c.  (R.  B.  Moore 
and  K.  L.  Kithil,  U.S.  Bureau  of  Mines,  Bull. 
70,  1913  ; C.  L.  Parsons  and  others,  ibid.  Bull. 
104,  1915). 

In  South  Australia,  at  Radium  Hill,  near 
Olary,  carnotite  occurs  in  films  on  the  joint- 
planes  of  a large  deposit  of  ilmenite.  rutile,  and 
magnetite. 

A closely  allied  mineral,  named  ferganite 
(I.  A.  Antipov,  1908  ; Abstr.  in  Jahrb.  Min.  1909, 
ii,  38),  is  a hydrated  vanadate  of  uranium  and 
lithium.  It  occurs,  together  with  other  uranium 
minerals,  in  prov.  Fergana  in  Russian  Turkestan. 

L.  J.  S. 

CARO’S  ACID.  Monopersulphuric  acid  {v. 
Sulphur). 

CAROBS.  Specimens  of  commercial  carobs 
are  found  to  possess  the  following  percentage 
composition  : water,  9-13  ; nitrogenous  com- 
pounds, 5-7  ; cellulose,  8-12  ; fat,  less  than  1 ; 
ash,  2 ; sugars  (dextrose  and  sucrose  in  variable 
proportions),  30-43  ; phosphoric  oxide,  0-16- 
0*24  (Balland,  J.  Pharm.  Chim.  1904,  [6]  19,  569). 

CARONE  V.  Ketones. 

CARONY  BARK  v.  Cusparia  bark. 

CAROTIN.  The  colouring  matter  of  Dau- 
ms  carota  (Linn.).  Found  also  in  the  leaves  of 
plants  to  the  extent  of  Od  to  0*2  p.c.  (Arnaud, 
Compt.  rend.  1890,  109,  911)  in  full  vegetation, 
and  to  a slight  extent  in  etiolated  leaves  (Im- 
mendorf,  Chem.  Zentr.  1890,  i.  163),  and  in  the 
tomato  ; is  present  in  maize,  squash,  orange-peel, 
flax  seed,  mustard  seed,  black  sesame  seed, 
palm  oil,  but  not  in  rape  seed,  white  sunflower 
seed,  turnip,  safflower,  cotton  seed  or  turmeric. 
It  forms  the  colouring  matter  of  yellow  and 
orange  pollen  ; the  oily  drops  on  the  surface  of 
the  pollen  of  Verbascum  tJiapsiforma  contain  not 
less  than  6 ’6  p.c.  of  carotin  ; and  in  the  animal 
kingdom  it  occurs  as  the  colouring  matter  of 
milk-fat,  hence  in  butter  and  the  body-fat, 
corpus  luteum  and  skin  secretions  of  the  cow  ; 
it  constitutes  the  yellow  lipochrome  of  blood- 
serum  and  is  found  in  Diaptomus  bacilli fer 
(Blanchard,  Compt.  rend.  1890,  110,  292). 
It  can  also  be  extracted  from  stinging-nettle 
leaves  with  light  petroleum  (Willstatter  and 
Mieg,  Annalen,  1907,  355,  1).  Carotin  crystal- 
lises in  copper-coloured  leaflets  which  appear  red 
by  transmitted  light,  and  have  m.p.  167 ’8°.  It 
is  insoluble  in  water,  readily  soluble  in  carbon 
disulphide  or  benzene,  sparingly  so  in  alcohol, 
ether,  petroleum,  or  chloroform.  Carotin  is  able 
to  decompose  carbon  dioxide  with  formation  of 
oxygen,  and  this  probably  explains  why  etiolated 
leaves  can,  under  certain  conditions,  generate 
oxygen  (Kohl,  Chem.  Zentr.  1906,  ii.  442). 

Carotin  is  an  unsaturated  hydrocarbon 
having  the  formula  C40H5J  (Willstatter  and 
Mieg.  l.c.) ; it  combines  with  iodine  to  form 
the  iodide  C^oHgglg,  which  crystallises  in  rosettes 
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of  dark-violet  prisms,  and  decomposes  at 
140°-170°  ; and  the  iodide  C4oH5aT3,  which 
forms  dark-violet  plates  and  decomposes  at 
136°-137°.  The  hromo-  compound  C4oH38Br22 
decomposes  at  1 71°— 174°  (Willstatter  and  Escher, 
Zeitsch.  physiol.  Chem.  1910,  63,  47).  Carotin 
dissolves  slowly  in  concentrated  sulphuric  acid, 
forming  an  indigo-blue  solution  from  which 
the  hydrocarbon  is  precipitated  in  green  flakes  on 
the  addition  of  water ; it  absorbs  oxygen  to  the 
extent  of  34*3  p.c.  of  its  weight,  yielding  a colour- 
less substance.  When  carotin  is  oxidised 
with  a small  amount  of  acetic  acid  solution  of 
chromic  anhydride,  and  the  temperature  kept 
below  30°-40°,  an  oil  C40H58O8,  or  C40H60O8  is 
obtained,  and  this  does  not  solidify  at  —104° 
(Euler  and  Nordenson,  Zeitsch.  physiol.  Chem. 
1908,  56,  223). 

Carotin  has  no  appreciable  toxic  acid ; 
quantities  of  0’2  gram  injected  into  guinea-pigs 
had  no  effect  on  the  health  of  the  animals. 

CAROUBIN  and  CAROUBINOSE.  Accord- 
ing to  Effront  fCompt.  rend.  1897,  125,  38),  the 
seeds  of  Ceratonia  siliqua,  used  as  a cattle  food 
in  Portugal,  contain  a carbohydrate,  caro2ibin, 
which,  when  purified,  forms  a white  spongy 
friable  mass,  giving  with  water  a thick  syrup 
or  jelly.  By  hydrolysis,  it  yields  Caroubinose 
(CgHjaOg),  which  has  about  the  same  reducing 
power  as  dextrose.  Is  probably  identical  with 
mannose  (Van  Ekenstein,  Compt.  rend.  125, 
197)  {v.  Carbohydeates). 

CARPAINE  C14H25O2N  occurs  in  papaw 
leaves  {Carica  Papaya  (Linn.)).  It  forms 
glancing  prisms,  m.p.  121°,  [a]p4-21°  55',  and 
has  a bitter  taste  (Greshofi,  1890,  Med.  s’Lands 
Plantentuin,  Java,  No.  7,  5 ; van  Rijn,  Arch. 
Pharm.  1893,  231,  184  ; 189v,235,  332).  Accord- 
ing  to  Barger  (Chem.  Soe.  Trans.  1910,  97,  466) 
it  is  a lactone  of  carpamic  acid  C14H27O2N,  and 
may  be  written 

Me 

/CH\  /O 
CH2  CH  CO 

1 1 I 

CH2  CH  C5H10 

'^CH^^NH^ 

Me 

CARRAGEEN.  Carageen,  Carragheen,  or 
Carragaheen.  (Fv.  Gaemen.)  Irish  or  Pearl  moss. 
An  alga  {Chondrus  crispus)  found  on  all  the 
western  coasts  of  Europe  a,nd  on  the  east  coast 
of  North  America.  In  Ireland  it  is  collected, 
dried,  and  bleached  in  the  sun.  Found  in  com- 
merce as  flat,  dry,  yellow-white  pieces  2 to  3 
inches  long,  usually  branching,  of  a very  faint 
odour  and  mucilaginous  taste,  swelling  in  water 
like  gelatine.  Almost  completely  soluble  in  boil- 
ing water  ; the  solution  sets  to  a jelly  on  cooling. 
Contains  a high  percentage  of  nitrogen,  and  is 
of  value  as  a food  in  diseases  of  lungs  and 
general  weakness,  usually  taken  dissolved  in  hot 
milk.  It  has  also  been  applied  as  a size  and 
for  stiffening  silk,  also  occasionally  in  making 
jellies. 

Sometimes  found  largely  adulterated  with 
Oigartina  mamillosa,  which  is  less  valuable  and 
recognised  by  its  stalked  fruits  and  channelled 
stem  {v.  Alg^  and  Irish  Moss  Gum,  Art  Gums. 

CARRAWAY  OIL  v.  Oils,  Essential. 
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CARRIAGE  VARNISH  v.  Varnish. 

CARROT,  the  tap  root  of  Daucus  carota 
(Linn.).  Several  varieties  exist,  and  the  roots 
are  employed  as  cattle  food  and  as  a table 
vegetable.  Kellner  gives  as  the  average  com- 
position : 

Sol.  carbo- 

Water  Protein  Pat  hydrates  Fibre  Ash 

87-0  1-2  0-2  9*3  1-3  1-0 

According  to  American  analyses,  the  average 
composition  of  the  edible  portion,  as  a table 
vegetable,  is  : 

Water  Protein  Fat  Sol.  carbohydrates  Fibre  Ash 
88-2  1-1  0-4  9-2  IT 

The  Belgian  white  carrot  is  often  used  for 
the  field  crop,  whilst  the  red  carrot  is  preferred 
for  table  purposes.  The  reddish  colouring 
matter  of  the  carrot,  carotin,  is  sometimes 
used  in  colouring  butter  and  cheese.  It  has 
the  composition  C40H58,  and  can  be  obtained 
by  rasping  the  roots,  precipitating  the  juice 
with  lead  acetate,  with  which  the  carotin 
forms  a lake.  This  is  dried  and  extracted  with 
carbon  disulphide.  The  solution  is  evaporated 
to  dryness  and  repeatedly  extracted  with  cold 
petroleum  spirit  in  order  to  remove  the  phyto- 
sterols.  The  residue  is  then  dissolved  in  carbon 
disulphide,  from  which  the  carotin  is  precipi- 
tated by  the  addition  of  alcohol.  It  can  then  be 
recrystallised  from  benzene  in  the  form  of 
rhombic  plates  with  a metallic  lustre,  blue  by 
reflected,  orange-red  by  transmitted  light.  The 
substance  which  Husemann  discovered  in  the 
carrot  and  called  hydrocarotin  is  a mixture  of 
sitosterol  and  stigmasterol,  and  consists  of  the 
same  phytosterols  as  are  found  in  other  plants 
(Beschke,  Ber.  1914,  47,  1853)  (v.  Carotin). 

As  a farm  crop,  carrots  are  particularly 
valued  for  horses  and  dairy  stock.  They  are 
best  grown  on  light  land,  free  from  stones  and 
weeds  and  well  tilled.  H.  I. 

CARROT  GUM  Gums. 

CARVACROL  v.  Camphors  j also  Oils,  Es- 
sential. 

CARVEOL  V.  Camphors. 

CARVOL  V.  Camphors  ; also  Oils,  Essential. 

CARVONE  V.  Ketones. 

CASCARA  SAGRADA,  B.P.  ; U.S.P.  The 

dried  bark  of  the  Rhamnus  Purshiana  (DC.),  a 
small  species  of  thorn  tree  inhabiting  the  Pacific 
slopes  of  the  Rocky  Mountains.  (For  botanical 
characters,  see  Hooker  (Flora  Bor.  Amer.  43),  , 
Prescott  (Amer.  J.  Pharm.  1879,  165),  Moller 
(Pharm.  J.  [3]  14,  467),  Moss  {ibid.  [3]  649,  19).) 
Cascara  sagrada  had  been  long  known  as  a 
cathartic  to  the  Indians  and  trappers  of  Cali- 
fornia, when  it  was  later  introduced  into 
American  and  European  medicine.  Its  physio- 
logical action  is  similar  to  the  other  and 
better-known  Rhamnus  frangula  (Linn.),  but  the 
Purshiana  is  the  more  esteemed.  {Of.  Kennedy, 
Amer.  J.  Pharm.  1885,  496.) 

Cascara  bark  has  been  examined  by  Prescott 
{ibid.  1879,  165)  ; Limousin  (J.  Pharm.  Chim. 
[5]  6,  80)  ; Wenzell  (Pharm.  Rundsch.  1886,  79)  ; 
Meier  and  Webber  (Pharm.  J.  [3]  18,  804)  ; 
Schwabe  (Arch.  Pharm.  226,  569)  ; Zeig  (Pharm. 

J.  [3]  20,  173)  ; Le  Prince  (Compt.  rend.  115, 
286),  Dohme  and  Engelhardt  (Amer.  Chem.  J. 
20,  534)  ; but  the  statements  made  regarding  it 
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are  very  conflicting,  for  a summary  of  which  see  ■. 
Jowett  (Rep.  Amer.  Pharm.  Assoc.  1904,  1),  who 
has  also  made  an  exhaustive  examination  of 
the 'bark.  He  has  confirmed  the  presence  of 
emodin  together  with  a small  proportion  of  an 
isomeric  substance  which  may  be  identical  with 
the  iso-emodin  obtained  from  Rhamnus  frangula 
by  Thorpe  and  Miller  (Chem.  Soc.  Trans.  61,  6). 
Glucose  is  also  present,  and  a substance  which, 
on  treatment  with  acid,  yields  syringic  acid. 
No  evidence  was  obtained  of  the  existence  of 
chrysophanic  acid  or  chrysarobin  or  of  gluco- 
sides  yielding  on  hydrolysis  emodin,  chryso- 
phanic acid,  or  rhamnetin.  The  cascarine  of 
Le  Prince  and  the  purshianin  of  Dohme  and 
Engelhardt  are  probably  impure  products. 
Emodin  is  not  the  active  principle  of  the  drug, 
and  no  clue  could  be  obtained  as  to  the  nature 
of  this  principle.  (Compare  Nouveaux  Remedes, 
]909,  471,  where  the  active  principle  is  stated  to 
be  precipitated  by  lead  acetate  and  ammonia, 
after  treatment  with  lead  acetate  alone. ) It  is  a 
light  yellow  powder  of  bitter  taste,  probably  a 
glucoside.  According  to  Tschirch  and  Moni- 
kowski  (Arch.  Pharm.  1912,  250,  92)  the  patent 
cascara-preparation  ‘ peristaltin  ’ consists  of  a 
mixture  of  glucosides,  hydrolysed  by  steam  to 
rhamnose,  chrysophanic  acid,  emodin  methyl- 
ether  and  cascarol  CigHjoGg,  yellow  needles, 
m.p.  218°.  Cascara  bark  contains  about  2 p.c. 
of  fat  and  a small  proportion  of  a volatile  oil. 
The  constituents  of  B.  Californica  appear  to 
differ  very  little  from  those  of  B.  Purshiana. 
For  methods  for  the  estimation  of  the  active 
constituents  of  Cascara  sagrada,  see  Warin  (J. 
Pharm.  chim.  [6]  22,  12),  whose  colorimetric 
method  is  approved  by  Tschirch  and  Pool 
(i^rch.  Pharm.  1908,  246,  315).  For  differential 
tests  of  Cascara  and  Rhamnus  frangula,  see 
Kroeber  (Schweiz.  Woch.  Chem.  Pharm.  1910, 
48,  377)  ; Beal  and  Okey  (J.  Amer.  Chem.  Soc. 
1917,  39,  716).  For  standards  for  the  evaluation 
of  liquid  extracts  of  Casacara  and  Rh.  frangula, 
see  Apot.  Zeit.  1913,  39,  579).  G.  B. 

CASCARILLA  BARK,  Cascarilla  (B.P.). 
The  bark  of  Croton  Eluteria  (Benn),  or  ‘ seaside 
balsam,’  a euphorbiaceous  tree  growing  in  the 
West  Indies. 

Duval  obtained  from  it  a substance,  easca- 
rilline  C12II18O4,  m.p.  205°,  which  Alessandri 
(Arch.  Pharm.  220,  690)  also  isolated  by  extract- 
ing the  bark  with  oxalic  acid  and  precipitating 
the  extract  with  ammonia.  This  substance  dis- 
solves in  hydrochloric  acid,  producing  a rose- 
coloured  solution,  which  changes  through  pur- 
plish-red, violet,  and  green  to  a sky-blue  without 
the  addition  of  water.  The  drug  also  contains 
betaine  (Naylor,  Pharm.  J.  59,  279),  and  1‘5  p.c. 
of  an  essential  oil  {q.v.).  G.  B. 

CASCARILLA  OIL  v.  Oils,  Essential. 

CASEIN.  Casein  occurs  in  the  milk  of 
mammals,  and  is  the  •principal  protein  of  cow’s 
milk,  which,  up  to  the  present,  is  its  only 
commercial  source.  Cow’s  milk  contains,  on  an 
average,  about  3 p.c.  of  casein,  which  exists  in  a 
suspended  or  colloidal  condition,  probably  as  a 
lime  compound  in  combination  with  calcium 
phosphate,  giving  the  milk  its  opaque  appear- 
ance. This  can  easily  be  proved  by  allowing 
the  milk  to  pass  through  a filter  of  unglazed 
porcelain,  when  a white  mass  of  casein  and  fat 
will  be  found  on  the  surface  of  the  filter,  and  the 


filtrate  will  contain  the  lactose,  soluble  albumen, 
and  soluble  salts  of  milk. 

Preparation  of  pure  casein.  Separated  milk 
is  diluted  to  about  five  times  its  volume  with 
water  and  sufficient  acetic  acid  added  to  give 
O’l  p.c.  of  acid  in  the  solution.  The  casein  is 
precipitated,  carrying  down  with  it  the  fat.  The 
curd  is  washed  about  ten  times  by  decantation, 
collected  on  a cloth  filter,  washed,  and  pressed 
as  dry  as  possible.  It  is  then  dissolved  in  the 
least  quantity  of  ammonia,  and  filtered.  The 
filtrate  is  precipitated  with  acetic  acid,  washed, 
and  redissolved  in  ammonia.  This  process  is 
repeated  three  or  four  times.  The  curd  is  then 
rubbed  up  in  a mortar  several  times  with  80  p.c. 
alcohol,  and  finally  with  absolute  alcohol.  It  is 
next  similarly  treated  with  ether,  and  extracted 
with  ether  in  a Soxhlet  apparatus,  and  the 
casein  finally  dried  at  100°C. 

Properties. — Thus  prepared,  casein  is  a white, 
amorphous  body  without  taste  or  smell.  It  is 
very  sparingly  soluble  in  water,  and  quite  in- 
soluble in  alcohol  and  ether.  Its  most  probable 
percentage  composition  is  : 0,  53*13  ; IT,  7*06  ; 
N,  15*78  ; P,  0*86  ; 0,  22*40  ; S,  0*77. 

Casein  is  a phospho -protein.  Its  molecular 
weight  is  stated  to  be  about  1135.  It  is  a weak 
dibasic  acid,  forming  acid  and  neutral  salts  with 
alkalis.  In  dilute  alkaline  solutions,  it  • has  a 
Isevo-rotatory  action  on  polarised  light.  At  the 
ordinary  temperature,  1 gram  of  casein  com- 
bines with  9 c.c.  of  N/10  hydrates  or  carbonates  of 
alkalis,  and  with  nearly  7 c.c.  decinormal  solu- 
tions of  common  acids.  It  is  soluble  in  caustic 
alkalis,  and  in  the  carbonates,  bicarbonates, 
phosphates,  &c.,  of  the  alkali  metals,  and  is 
precipitated  unchanged  by  addition  of  sufficient 
acid  to  neutralise  the  alkah. 

Casein  is  soluble  in  strong  hydrochloric  acid, 
giving  a fine  violet  colour,  and  is  also  soluble  in 
dilute  hydrochloric  acid  containing  0*2  p.c.  of 
the  fuming  acid,  but  is  insoluble  in  2 or  3 p.c. 
acid. 

Preparation  of  industrial  casein.  There  are 
many  methods  of  preparing  casein,  but  on  the 
large  scale  these  are  generally  limited  to  three  : 

(1)  Precipitation  by  means  of  acid — usually 
sulphuric,  though  acetic,  phosphoric,  lactic, 
hydrochloric,  &c.,  are  also  employed. 

(2)  Curdling  by  means  of  rennet. 

(3)  Curdling  by  ‘ self-souring.’ 

A very  interesting  method  of  preparation  is 
by  means  of  electricity,  but  so  far  this  does  not 
seem  to  have  progressed  beyond  the  laboratory 
stage.  The  method,  however,  will  be  described 
later.  Whichever  method  be  employed,  the 
first  essential  is  a machine-separated  milk,  con- 
taining the  smallest  possible  quantity  of  fat. 
Milk  taken  from  cows  shortly  after  <;alving,  and 
containing  colostrum,  is  unsuited  for  casein 
manufacture.  It  gives  a soft  curd  which 
squeezes  through  the  filter  cloths,  and  holds  a 
great  deal  of  water.  It  has  sometimes  been 
found  necessary  to  throw  away  a whole  batch 
as  the  curd  has  been  quite  unworkable. 

Also,  if  the  milk  has  been  pasteurised  at  such 
a high  temperature  that  some  of  the  lact-albu- 
min  becomes  insoluble,  the  curd  will  give  a great 
deal  of  trouble. 

The  milk  from  the  separators  is  run  into  a 
tank  of  suitable  dimensions,  and  brought  to  the 
required  temperature  by  means  of  steam. 
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Precipitation  hy  sulphuric  acid. — The  requi- 
site quantity  of  sulphuric  acid,  previously 
diluted  with  water  in  a wooden  or  enamelled 
iron  bucket,  is  then  introduced,  and  the  whole 
well  agitated,  when  the 'milk  will  gradually  lose 
its  opaque  appearance  and  become  clear  with 
separation  of  the  curd.  As  soon  as  the  whey  is 
yellow  and  transparent,  the  agitation  is  stopped, 
and  the  curd  falls  to  the  bottom  of  the  tank. 
The  whey  is  run  off,  the  curd  allowed  to  drain 
and  washed  with  cold  water  until  all  the  whey 
has  been  separated.  The  bulk  of  the  water  is 
then  removed  by  means  of  a suitable  press  or 
by  a centrifugal  machine. 

Curdling  with  rennet. — The  amount  of  rennet 
required  depends  upon  the  acidity  of  the  milk 
and  the  temperature.  The  more  acid  the  milk 
and  the  nearer  the  temperature  approaches 
106°r.,  the  less  is  the  rennet  required.  At 
118‘5°F.  and  at  86°F.,  the  curdling  power  of 
rennet  is  only  about  70  p.c.  of  that  at  106°F. 

If  the  acidity  of  the  milk  be  15°,  about  oz. 
rennet  should  curdle  100  gallons  of  milk  in  about 
hour.^  When  the  acidity  reaches  30°,  half  this 
quantity  will  suffice.  The  requisite  quantity  of 
rennet  is  diluted  with  water  and  thoroughly 
stirred  into  the  milk  at  a temperature  of  about 
106°F.  The  milk  is  then  allowed  to  rest  until 
it  has  ‘ set  ’ like  a junket.  The  mass  is  cut  up 
into  small  cubes  by  special  knives,  and  then 
agitated  gently  at  first,  and  afterwards  vigo- 
rously while  being  very  slowly  heated  up  to 
about  1 20°F.  by  means  of  free  steam  or  a steam- 
jacket.  The  curd  will  then  be  in  hard  grains  or 
nodules  at  the  bottom  of  the  tank.  The  whey 
is  rapidly  run  off,  the  curd  washed  well  with  cold 
water,  and  pressed. 

Curdling  hy  ‘ self -souring.’’ — When  milk  is 
exposed  to  the  air,  it  becomes  acid.  This  change 
is  effected  by  the  Bacillus  acidi  lactici,  which 
converts  the  lactose  into  lactic  acid.  When 
sufficient  acid  has  been  formed,  the  curd  sepa- 
rates from  the  whey.  On  the  large  scale,  the 
separated  milk  is  run  into  a tank,  the  temperature 
brought  to  and  maintained  at  about  98°F.,  at 
which  point  the  growth  of  the  bacilli  is  most 
rapid.  After  some  hours,  according  to  the 
freshness  of  the  milk,  a sour  smell  will  be 
noticed  and  the  milk  will  begin  to  curdle.  When 
the  right  point  has  been  reached,  steam  is  turned 
on  and  the  mass  agitated  in  order  to  make  the 
curd  firm,  and  in  a suitable  condition  for  washing 
and  pressing.  The  whey  is  then  run  off  and  the 
c'urd  finished  in  the  usual  manner. 

Drying  of  the  curd. — When  as  much  moisture 
as  possible  has  been  removed  from  the  curd,  it 
is  broken  up  and  dried.  This  may  be  effected 
either  by  spreading  on  trays  in  heated  drying - 
rooms  fitted  with  ventilating  appliances  to 
facilitate  the  removal  of  the  moisture,  or  in  a 
drying  cylinder  heated  from  inside  or  outside  or 
both,  and  rotated  to  keep  the  contents  in 
constant  motion.  Another  method  of  drying 
the  curd  is  by  means  of  a Passburg  vacuum 
drier,  consisting  of  a cast  or  wrought-iron  case, 
which  can  be  hermetically  closed  by  doors.  A 
vacuum  is  produced  by  an  air  pump,  and  the 
moisture' is  vapourised  at  a low  temperature  so 
that  drying  is  soon  effected. 

1 The  ‘ degree  of  acidity  ’ of  milk  is  the  number  of 
c.c.  of  iV^/lO-NaOH  sol.  required  to  neutralise  the  acid 
in  100  c.c. 
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Whatever  process  be  adopted,  the  tempera- 
ture must  be  carefully  watched,  as  a few  degrees 
too  much  heat  will  ‘ burn  ’ the  casein  to  a rich 
brown  colour,  and  if  the  temperature  be  too 
low  the  curd  will  take  a long  time  to  dry,  and 
may  become  sour  and  mouldy. 

The  dry  casein  is  then  ground  to  a fine 
powder,  when  it  is  ready  for  the  market. 

Curdling  hy  electricity. — Although  this  pro- 
cess is  so  far  not  a commercial  one,  it  is  sufficiently 
interesting  to  warrant  a short  description.  The 
milk  is  heated  to  120°F.,  and  a porous  cell, 
containing  dilute  milk,  is  placed  in  the  centre. 
A current  of  electricity  of  sufficient  tension  is 
passed,  and  the  soluble  elements,  the  phos- 
phates in  particular,  are  decomposed.  The 
anode  is  placed  in  the  milk  and  the  cathode  in 
the  porous  cell.  Phosphoric  acid  is  then 
liberated  in  the  milk,  and  causes  the  precipita- 
tion of  the  casein,  while  the  liquid  in  the  porous 
cell  becomes  strongly  alkaline.  The  chief 
difficulty  lies  in  the  choice  of  electrodes — the 
cathode  in  the  porous  cell  can  be  carbon,  but 
the  anode  must  be  of  platinum,  which  makes  the 
original  cost  very  heavy.  Any  of  the  common 
metals  are  attacked  in  a very  short  time,  and 
carbon  throws  off  small  particles  which  cause 
the  precipitated  curd  to  become  black.  It  is, 
of  course,  possible  to  have  both  electrodes  of 
carbon  in  porous  cells,  but  it  is  found  that  the 
curd  soon  fills  up  the  pores  and  the  action 
becomes  very  slow. 

Properties. — Industrial  casein,  prepared  with 
sulphuric  acid,  will  dissolve  in  the  following 
quantities  of  alkalis  or  alkaline  salts,  though 
larger  quantities  are  always  used  in  the  various 


industries  : — 

Per  cent. 

Sodium  bicarbonate 

. 

Sodium  carbonate 

. . 2| 

Sodium  hydroxide 

13 

• ^4 

Sodium  silicate  140°Tw. 

. 10 

Sodium  arsenate  . 

. 20 

Sodium  sulphite  . 

. 9 

Strontium  hydrate 

. 20 

Trisodium  phosphate 

8 

Ammonia,  *880 

. 21 

Sodium  tungstate 

o 121 

Borax 

. . 91 

Solutions  of  the  hydroxides  of  potassium, 
sodium,  lithium,  and  ammonium  of  equal  con- 
centration, dissolve  casein  at  approximately  the 
same  rate.  Solutions  of  the  hydroxides  of  the 
alkaline  earths  dissolve  casein  much  more 
slowly  ; strontium  hydroxide  dissolves  it  most 
rapidly,  calcium  hydroxide  more  slowly,  and 
barium  hydroxide  more  slowly  still. 

Rennet  casein  is  insoluble  in  carbonate  and 
bicarbonate  of  soda,  partly  soluble  in  borax  and 
ammonia,  and  soluble  in  trisodium  phosphate 
and  lime. 

Its  solution  in  alkalis  does  not  coagulate  on 
heating,  but  is  precipitated  by  acids  and  many 
metallic  salts.  When  acted  on  by  formaldehyde 
and  certain  other  bodies,  casein  is  rendered 
insoluble.  Advantage  is  taken  of  this  fact  in 
various  industries  to  give  a waterproof  coating 
of  casein. 

Pure  casein  contains  only  a very  small 
amount  of  ash,  but  industrial  casein  may  con- 
tain up  to  about  7 p-c.  or  8 p.c. — rennet-prepared 
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casein  containing  the  most,  and  ‘ self- soured  ’ 
casein  the  least. 

For  the  analysis  of  commercial  casein  v. 
Hopfner  and  Burmeister,  Chem.  Zeit.  1912, 
36,  1053  ; Analyst,  1912,  493. 

Uses  of  casein.  Casein  is  employed  in  a 
large  number  of  industries,  and  its  use  is  in- 
creasing every  year,  in  fact,  there  are  but  few 
industries  in  which  casein,  in  some  shape  or 
form,  is  not  or  cannot  be  employed  with 
advantage. 

The  greater  quantity  of  imported  casein 
comes  from  the  Argentine.  Large  quantities 
also  are  received  from  France  and  Germany,  and 
smaller  quantities  from  Holland,  Belgium,  and 
tne  United  States. 

Casein  is  used  in  paste  and  dry  distempers  ; 
in  cardboard  manufacture,  paper  glazing, 
leather  dressing,  soap  manufacture,  cotton 
sizing,  dressing  for  textiles,  finishing,  water- 
proofing, cahco  printing,  cask  glazing  ; imitation 
bone,  ivory,  tortoiseshell,  amber,  ebony,  &c.  ; 
picture  mouldings,  sealing  for  bottles,  cabinet 
and  pianoforte  making,  emulsions,  fining  wines, 
boot  polishes,  waterproof  cements,  polishes, 
films,  diabetic  and  protein  foods. 

Alimentary  casein.  Some  of  the  best- 
known  food  preparations  of  casein  are  : 

Plasmon. — This  is  a cream-coloured  powder, 
somewhat  coarse  in  texture.  It  is  a soda  com- 
pound of  casein,  and  is  partially  soluble  in  water. 
It  contains  nearly  2 p.c.  of  lactose  (milk-sugar) 
and  about  70  p.c.  of  proteins. 

Sanagen. — A fine  white  powder,  completely 
soluble  in  water.  It  is  a compound  of  casein 
with  about  5 p.c.  of  sodium  glycerophosphate 
made  by  a special  process.  It  contains  about 
76-78  p.c.  proteins,  and  is  practically  free  from 
lactose,  and  so  is  specially  recommended  for 
diabetic  patients. 

Sanatogen. — A white  powder  soluble  in 
water.  It  consists  of  casein  with  about  5 p.c. 
of  sodium  glycerophosphate,  and  is  free  from 
fat  and  lactose. 

Dr.  HeigeVs  milk  'protein. — A soda  compound 
of  casein,  soluble  in  water.  According  to  the 
patent  specification,  the  curd  is  precipitated 
from  the  milk  by  means  of  ethyl-sulphuric  acid. 

Encasein. — A casein-ammonia  compound, 
soluble  in  water. 

Nutrose. — A soda  compound  of  casein. 

Casein  solids.  Galalith. — Insoluble  casein, 
treated  with  formaldehyde  and  subjected  to 
heavy  pressure,  gives  plates  of  great  hardness, 
and  by  blending  pigments  with  the  casein, 
imitations  of  bone,  ivory,  ebonite,  &c.,  are 
obtained.  The  products  are  known  as  Galalith 
(from  the  Greek  gala,  milk,  and  litJios,  stone). 
It  is  prepared  from  a specially  pure  casein, 
precipitated  by  rennet,  from  sweet  milk  freed 
from  fat  by  centrifuging.  The  curd  is  drained 
and  dried,  forming  lumps  8-12  mm.  thick. 
These  are  ground  to  a gritty  meal,  which  is 
moistened  with  water,  coloured  as  required, 
worked  up  by  steel  helices  to  a plastic  mass, 
which  is  then  hot-pressed  in  hydraulic  presses. 
The  pressed  cake  is  hardened  in  a solution  of 
formaldehyde,  the  length  of  treatment  varying 
-from  2 to  30  weeks,  according  to  the  thickness 
of  the  articles,  whereby  the  casein  acquires  the 
qualities  of  horn  (Bonwitt,  Zeitsch.  angew. 
Chem.  1914,  27,  2).  The  following  articles  are 


made  from  galalith  : brush-backs,  combs,  cigar 
and  cigarette  holders,  penholders,  electrical 
fittings,  umbrella  and  stick  handles,  buttons, 
dominoes,  &c.  Being  uninflammable,  casein 
possesses  great  advantages  over  celluloid.  It  is 
a bad  conductor  of  electricity,  and  is  therefore 
suitable  for  electrical  fittings.  A plate  of 
galalith  inch  thick,  is  impervious  to  a current 
of  16,000  volts.  The  sp.gr.  is  1 ’3 17- 1*35 
(celluloid  1*34-1*40).  The  hardness  is  2*5 
(celluloid  2).  It  resists  oily  liquids  and  acids,  but 
is  swelled  by  alkaline  liquids.  Its  chief  drawback 
is  its  hygroscopic  nature  ; it^bsorbs  30  p.c.  of 
its  weight  in  12  days.  It  is  not  elastic  like 
celluloid,  and  breaks  when  slightly  bent.  On 
account  of  its  tendency  to  flake  it  cannot  be 
worked  so  well  as  celluloid,  and  sheets  cannot 
be  prepared  less  than  2 mm.  in  thickness 
(Bonwitt,  I.C.). 

Lactoform. — This  is  a patented  preparation 
of  casein  resembling  horn,  giving,  according  to 
the  specification,  a hard  and  tough  article  which 
does  not  swell  or  materially  soften  when  im- 
mersed in  water.  It  is  prepared  by  adding 
various  salts  to  solutions  of  casein  ; thus,  by 
adding  a solution  of  lead  acetate  to  a solution  of 
casein,  a coagulum  is  produced  from  which 
lactoform,  resembling  horn,  may  be  obtained, 
while  to  manufacture  a substitute  for  ivory, 
carbonate  of  soda  is  added  to  the  casein  solution 
and  precipitated  by  sugar  of  lead,  thus  forming 
carbonate  of  lead  in  the  mass  obtained.  By  the 
use  of  chromium  compounds,  bluish-green,  also 
yellow  and  orange  lactoform,  is  obtainable  ; by 
the  action  of  iron,  rust-coloured,  and  in  com- 
bination with  tannic  acid,  slate  and  black- 
coloured,  lactoform  may  be  produced.  These 
are  merely  intermediate  products,  and  are  not 
claimed  as  a new  invention,  but  are  converted 
into  lactoform  by  treatment  with  formaldehyde. 

For  glues  and  sizes,  casein  is  dissolved  in 
borax,  soda,  or  ammonia,  and  the  resulting 
coating  may  afterwards  be  rendered  insoluble 
by  formaldehyde,  or  the  casein  may  be  dis- 
solved in  lime,  which  will  give  a waterproof 
coating  when  dry. 

Films. — Schmidt  has  patented  a process  for 
making  casein  films  as  follows  : 100  grams  of 
casein  are  dissolved  by  heating  in  1 litre  of  water 
containing  8 grams  of  25  p.c.  hydrochloric  acid  ; 
10  grams  of  40  p.c.  formaldehyde  and  a small 
quantity  of  glycerol  are  added,  and  the  solu- 
tion poured  on  glass  plates  to  dry.  He  states 
that  films  made  from  alkahne  solutions  of 
casein  are  not  impermeable  to  moisture. 

Schmidt  patents  the  following  process  : 
100  grams  of  casein  and  1*5  grams  caustic  soda 
are  dissolved  in  1 litre  of  water,  to  which  are 
added  about  15  grams  of  a 40  p.c.  solution  of 
formaldehyde  : or  100  grams  of  casein  and  10  c.c. 
of  a 10  p.c.  solution  of  ammonia  are  dissolved  in 
2 litres  of  water,  to  which  are  added  about 
30  grams  of  a 40  p.c.  solution  of  formaldehyde. 
Either  of  these  he  states,  gives  insoluble  films 
on  drying,  which  may  be  used  for  photography, 
surgical  bandages,  paper-coating,  &c. 

Buss,  in  his  patent  for  photographic  films, 
proceeds  as  follows : 500  to  700  gr^ms  dry 

casein  are  heated  with  9 litres  of  water  to  35° 
or  50°,  mixed  with  250  grams  of  citric  acid  dis- 
solved in  1 litre  of  water,  and  the  heating  con 
tinned  until  the  whole  has  dissolved.  Then  100 
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or  200  grams  of  glycerol  are  added,  and  the 
liquid  filtered.  It  is  applied  by  machine  to 
plain  or  baryta  paper,  and  allowed  to  dry.  It  is 
next  rendered  insoluble  by  being  drawn  through 
a 5 or  7 p.c.  solution  of  ammonium  or  sodium 
chloride,  and  finally  sensitised  in  a silver  nitrate 
bath,  ranging  between  4 and  12  p.c.  in  strength. 

Sealing  for  bottles. — For  this  purpose,  Joirgnot 
has  patented  the  following  preparation  : Casein 
is  treated  with  a hot  aqueous  solution  of  sodium 
phosphate,  ammonium  fluoride  and  glycerol, 
the  whole  being  then  heated  in  the  water  bath 
until  it  is  homogeneous  and  viscous.  This 
product  is  employed  for  sealing  ):'Ottles  of  metal, 
glass,  porcelain,  &c.,  by  applying  it  in  a warm 
state  to  the  edge  of  the  vessel  or  cover,  and  then 
treating  it  with  formaldehyde. 

Fining  of  wines. — For  this  purpose,  a readily 
soluble  sodium  compound  of  casein  is  used,  ft 
is  dissolved  in  10  or  20  parts  of  water,  the  5 p.c. 
solution  effecting  a somewhat  slower  though 
more  complete  clarification.  The  casein  com- 
pound has  the  advantage  that  it  is  very  much 
cheaper  than  albumen,  and  is  free  from  all 
flavour  such  as  is  found  in  even  the  purest 
gelatin.  Moreover,  if  in  fining  wines  with  white 
of  egg,  albumin  or  gelatin,  too  large  an  excess  in 
proportion  to  the  tannin  be  used,  this  excess 
remains  in  solution,  and  may  lead  to  turbidity 
and  alteration  in  the  wine  ; whereas  the  casein, 
even  when  added  in  considerable  excess,  is  com- 
pletely ehminated,  being  coagulated  by  the  acid 
in  the  wine. 

Casein  water  ■'paints. — Casein  in  fine  powder 
is  intimately  mixed  with  sifted  slaked  lime  and 
incorporated  with  the  pigments.  The  propor- 
tion of  hme  to  casein  is  very  important : if  too 
little  lime  be  used,  the  mixture  will,  after  a short 
time,  especially  if  exposed  to  air,  become  in- 
soluble in  water  ; and  if  too  much  lime  be  used, 
adverse  results  will  follow.  The  brushes  will  be 
rotted  and  the  paint  will  be  Liable  to  flake  off. 
The  next  matter  of  importance  is  the  proportion 
of  lime  and  casein  to  be  incorporated  with  the 
pigment.  If  too  httle  be  used,  the  paint  will 
dust  off  and  will  not  stand  washing  ; and  if  too 
much  be  used,  the  coating  will  be  brittle  and 
flake  off. 

In  selecting  the  pigments,  it  is  necessary  to 
employ  only  those  which  are  unaffected  by  lime. 
The  most  suitable  are  : 


For  White. 

Whiting,  China  claj^,  zinc  oxide. 

99 

Yellow. 

Ochre,  Hansa  yellow,  naphthol 

yellow,  chrome  yellow. 

99 

Brown. 

Umber,  sienna. 

99 

Black. 

Carbon  blacks. 

99 

Red. 

Oxides,  hthol  red. 

99 

Blue. 

Ultramarine. 

99 

Green. 

Green  earth,  ultramarine  green. 

lime  green. 

The  ingredients  must  be  thoroughly  in- 
corporated and  kept  in  air-tight  packages.  The 
paint  is  prepared  by  mixing  the  powder  with 
cold  water,  and  is  ready  for  use  in  a few  minutes. 
When  thoroughly  dry,  the  surface  is  washable. 

L.  M.  N. 

CASHEW  GUM  Gums. 

CASIMIROINE  C22Hi406N2(0Me)2,  m.p. 
]96°-197°,  and  casimiroedine  C17H24O5N2,  m.p. 
222°-223°,  occur  in  minute  amount  in  the  seeds  of 
Casimiroa  edulis  (La  Llave  et  Lejarza)  a reputed 


Mexican  drug.  The  alkaloids  are  physiologically 
inert  (Power  and  Callan,  Chem.  Soc.  Trans.  1911, 
99,  1993,  who  give  other  references). 

CASSAVA.  The  root  of  Manihot  palmata 
(MuelL),  ‘ sweet  cassava  ; ’ or  of  Manihot  utilis- 
sima  (Pohl),  ‘ bitter  cassava.’  These  plants  are 
widely  cultivated  in  the  tropics  for  the  sake  of 
their  starchy  edible  roots.  From  them  the 
substance  tapioca  is  prepared.  The  starch  is 
also  known  as  mandioc  starch,  Brazilian, 
Bahia,  Bio  or  Para  arrowroot,  and  by  other 
names. 

The  grains  of  sta-rch  are  grouped  in  twos, 
threes,  or  fours  ; the  separate  grains  have  usually 
one  or  two  flat  surfaces,  but,  on  the  whole,  are 
rounded  and  show  delicate  concentric  striations 
and  a distinct  hilum. 

Cassava  root  contains  a volatile  poisonous 
substance  (Fermin,  1764),  which  proved  to  be 
hydrocyanic  acid  (Boutron-Charlard,  1836,  and 
Francis,  Analyst,  1878,  2,  4).  The  latter- 
observer  found  0-0168  p.c.  of  prussic  acid  in 
sweet  cassava  root  and  0-0275  p.c.  in  the  bitter 
root.  He  found  59-4  p.c.  and  61*4  p.c.  water 
in  the  roots,  and  about  30  p.c.  of  starch. 

Collens  (Bull.  Dept,  of  Agric.  Trinidad  and 
Tobago,  1915,  14,  54)  found  that  the  freshly-dug 
roots  of  the  sweet  and  bitter  varieties  contain 
0-0048  p.c.  and  0-053  p.c.  of  hydrocyanic  acid 
respectively ; the  leaves  0-0162  p.c.  and 
0-041  p.c.,  and  the  peelings  of  the  stems  0-043  p.c. 
and  0-113  p.c.  respectively. 

Leuscher  (Zeitsch.  offentl.  Chem.  1902,  8, 
10),  as  the  mean  of  six  analyses  of  the  fresh  root, 
found  : 

Water  Protein  Fat  Starch  Sugar  Crude  fibre  Ash 
70-25  1-12  0-41  21-44  5*13  Ml  0 54 

He  states  that  the  yield,  on  well-irrigated  land, 
may  amount  to  15  or  16  tons  per  acre. 

Tapioca  is  made  from  the  starch  of  cassava 
by  stirring  the  damp  product  on  a hot  iron  plate 
until  it  agglomerates  into  the  irregular,  spherical 
masses  familiar  as  tapioca.  By  this  treatment, 
many  of  the  starch  grains  become  changed, 
being  converted  into  shapeless,  translucent 
masses. 

According  to  American  analyses  (Wiley,  Bull. 
13,  U.S.  Dept,  of  Agric.  Div.  of  Chem.  1898), 
tapioca  contains — 

Water  Protein  Fat  Carbohydrates  Fibre  Ash 
11-23  0-37  0-03  88-16  0-12  0-09 

Owing  to  the  exceptionally  low  demands  of 
cassava  for  mineral  matter,  it  has  been  recom- 
mended as  a crop  particularly  well  adapted  for 
cultivation  on  poor  sandy  soils,  as  it  feeds  very 
largely  upon  air  and  water  (Ewell  and  Wiley, 
Amer.  Chem.  J.  1893,  15,  285).  H.  I. 

CASSEL  EARTH  or  VANDYKE  BROWN  v. 

Pigments. 

CASSEL  YELLOW.  Lead  oxychloride.  A 
pigment  also  known  as  Turner's  Yellow,  Mont- 
pdier  Yellow,  Mineral  Yellow,  and  Patent  Yellow. 

CASSELMAN’S  GREEN.  A pigment  made 
by  mixing  boiling  solutions  of  copper  sulphate 
and  an  alkaline  acetate. 

CASSIA.  The  bark  of  Cinnamomum  cassia 
(Blume),  a tree  belonging  to  the  order  Lauracece 
or  true  laurels.  It  is  grown  in  China,  Java,  &c. 
C.  cassia  furnishes  a bark  which  is  much  like 
cinnamon  \C.  zeylanicum  (Nees)],  but  thicker, 
coarser,  stronger,  less  delicate  in  flavour,  and 
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cheaper ; hence  it  is  frequently  used  to  adul- 
terate cinnamon.  The  bark  is  stripped  off  the 
branches,  when  it  rolls  up  in  the  form  of  quills. 
It  is  said  to  be  preferred  to  cinnamon  itself  by 
some  chocolate  makers  on  account  of  its  stronger 
flavour.  The  unopened  flower-buds  are  also  sold 
under  the  name  of  ‘ cassia-buds,’  and  possess 
similar  properties  to  the  bark.  Other  species  of 
the  genus  afford  aromatic  barks,  e.g.  C.  culi- 
lawan  (Blume),  native  of  Malaya  and  China,  the 
bark  of  which  has  a flavour  of  cloves ; C. 
tamala  (Nees),  which  occurs  in  sub-Himalayan 
India  as  far  as  Burma,  and  provides  a bark  that 
is  used  as  a substitute  for  or  adulterant  of  true 
cinnamon  ; C.  Burmanni  (Blume)  is  the  source 
of  the  bark  exported  from  Sumatra.  The  bark 
known  as  clove-cassia  is  obtained  from  Dicy- 
pellium  caryophyUatum  (Nees),  which  is  also  a 
tree  of  the  laurel  family  growing  in  Brazil. 

The  employment  of  cassia  as  a sophisticant 
of  the  more  esteemed  and  more  costly  bark  of 
cinnamon  when  in  the  ground  state  may  usually 
be  detected  by  adding  tincture  of  iodine  to  a 
decoction  of  the  powder ; when,  since  cassia 
contains  more  starch  than  cinnamon,  the 
substance  will  turn  blue  ; but,  where  inferior 
quahties  of  the  true  cinnamon  have  been 
examined,  their  constitution  has  approached 
that  of  the  coarser  bark  of  cassia,  and  this  test 
has  proved  uncertain  (c/.  0.  Hehner,  Analyst, 
1879,  225-228). 

Cassia  bark  is  thicker,  redder,  stronger  to  the 
taste  than  cinnamon.  The  powder  under  the 
microscope  exhibits  a general  resemblance  to 
cinnamon,  but 'it  will  be  seen  that  cassia  differs 
from  cinnamon  in  its  coarser  structure,  and 
especially  in  the  greater  size  and  number  of  its 
starch  corpuscles. 

Cassia  yields  by  distillation  an  essential  oil 
largely  used  in  perfumery,  especially  for  produc- 
ing the  scent  in  brown  Windsor  soap  (v.  Oils, 
Essential). 

CASSIA  OIL  V.  Oils,  Essential. 

CASSIA  TORA  (Linn.)  or  TAGEREY-VEREY. 
This  plant  produces  grains  known  in  the  East 
Indies,  Arabia,  and  Japan  as  Tora,  but  which 
are  known  in  Pondicherry  and  other  parts  of 
Hindostan  as  Tagerey-verey.  It  is  regularly  used 
as  a component  of  the  indigo  vat  in  dyeing, 
apparently  serving  the  same  purpose  as  the 
bran-madder  or  molasses  used  in  Europe. 

The  native  dyers  use  the  Tagerey-verey  in  the 
following  manner.  To  dye  about  200  yards  of 
cloth,  11 J lbs.  of  the  grain  are  steeped  in  from 
5 to  6 gallons  of  cold  water,  and  then  boiled 
for  four  hours.  The  grains  are  swollen  and 
softened  by  this  treatment,  and  the  water 
becomes  thick  and  gummy.  The  whole  of  this 
is  added  to  the  indigo  vat,  and  after  standing 
for  fifteen  hours,  the  vat  is  ready  to  dye. 

CASSITERITE  or  TIN-STONE.  Native  tin 
oxide,  Sn02,  containing  78*6  p.c.  of  tin,  and 
practically  the  only  ore  of  the  metal.  It  varies 
much  in  appearance — the  colour  ranges  from 
white  to  black,  being  usually  dark  brown — and 
its  most  characteristic  feature  is  its  high  sp.gr. 
of  6‘8-7T  ; hardness,  6-7,  easily  scratching 
'glass.  Crystals  are  tetragonal,  with  very  cha- 
racteristic knee -shaped  twins  ; their  faces  are 
often  very  brilliant  with  an  adamantine  lustre. 
There  is  an  absence  of  cleavage  ; and  this  readily 
helps  to  distinguish  the  mineral  from  blende. 


Crystals  are,  however,  not  very  common,  the 
mineral  being  more  frequently  found  as  dis- 
seminated grains  and  water-worn  pebbles. 
Grains  of  cassiterite  in  a concentrate  panned 
from  a river  sand  may  be  readily  detected  by  a 
very  simple  characteristic  test.  When  placed 
on  a zinc  plate,  or  in  a basin  with  fragments  of 
zinc,  and  dilute  hydrochloric  acid  poured  over, 
any  grains  of  tin-stone  soon  show  a shining  white 
coating  of  metallic  tin.  Veins  of  tin  ore  usually 
occur  at  the  junction  of  granitic  masses  and 
slates,  and  the  ore  also  impregnates  the  rocks 
bordering  the  veins.  Such  ores  are  known  as 
vein-tin,  to  distinguish  them  from  the  stream-tin 
of  alluvial  deposits.  A compact  variety  with  a 
radially  fibrous  and  concentric  structure  and 
sometimes  a botryoidal  surface  is  known  as 
wood-tin.  The  ore  as  prepared  for  market  is 
known  as  hlack-tin,  and  in  South  America  as 
barilla.  The  principal  tin-producing  countries 
are  the  Federated  Malay  States,  the  islands  of 
Banka  and  Billiton  in  the  Dutch  East  Indies, 
Siam,  China,  Australia  (Queensland,  New  South 
Wales,  Western  Australia),  Tasmania,  Bolivia, 
Cornwall,  and  more  recently  South  Africa 
(Transvaal  and  Swaziland),  and  Northern 
Nigeria.  The  production  of  tin  ore  amounts  to 
about  100,000  tons  per  annum.  J.  L.  S. 
CASSIUS,  PURPLE  OF,  Gold. 

CASTILE  SOAP  Soap. 

CASTOR  or  CASTOREUM.  {Bibergeil,  Ger.) 
A name  given  to  a secretion  of  the  beaver  {Castor 
fiber),  contained  in  pear-shaped  cellylar  sacs 
(found  near  the  genital  organs  of  the  male  and 
female  animal),  which  are  cut  off  and  dried,  to 
prevent  the  skin  being  affected  by  water.  It  is 
a substance  analogous  to  civet  and  musk,  and  is 
of  the  consistency  of  thick  honey  and  unctuous 
to  the  touch.  The  interior  substance  is  solid,  of 
a dark- brown  or  black  colour.  It  has  a faint 
smell,  softens  when  heated,  but  becomes  brittle 
when  cold.  When  chewed,  it  sticks  to  the  teeth 
like  wax.  It  has  a bitter  acrid  taste,  and  a 
foetid,  penetrating  smell.  Its  fracture  is  shin- 
ing, and  when  the  substance  is  genuine  it  shows 
fragments  of  membrane  indicating  organic 
structure. 

Three  varieties  are  said  to  exist,  the  Russian, 
Bavarian,  and  American  or  Canadian,  the  first - 
named  variety  containing  about  2 p.c.  of  the 
volatile  oil,  while  the  last  contains  only  1 p.c. 

Wohler  obtained  phenic  and  benzoic  acids 
and  salicine  from  it.  Lehmann  found  bile  in  a 
fresh  sample  together  with  alkaline  urates, 
sebates,  and  an  albuminoid  substance.  Laugier, 
Brandes,  Batka,  Bouillon  Lagrange,  and  Hilde- 
brant  have  also  examined  it.  By  extracting  it 
with  six  times  its  weight  of  alcohol  a colourless 
substance,  castorin,  has  been  isolated.  Used  in 
medicine  and  perfumery. 

CASTOR  OIL  is  obtained  from  the  seeds  of 
Ricinus  communis  (Linn.)  and  R.  sanguineus. 

The  former  plant  appears  to  be  indigenous  to 
Africa  (Egypt),  but  has  been  transplanted  to 
India  at  a very  early  stage  of  history,  so  that 
some  writers  consider  the  plant  indigenous  to 
India  itself.  The  plant  grows  in  enormous 
quantities  in  all  tropical  and  sub-tropical 
countries,  and  is  even  found  wild  to  day  in 
South  America,  notably  in  Paraguay  and  the 
Argentine. 

The  most  important  sources  of  castor  seed 
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are  East  India,  Java,  the  Mediterranean  coun- 
tries, Mexico,  and  the  United  States  of  America, 
whilst  the  cultivation  of  the  plant  has  of  recent 
years  been  developed  in  the  Egyptian  Sudan, 
Fiji,  and  the  East  African  Protectorate. 

In  1913  the  imports  of  castor  seeds  into 
Marseilles  amounted  to  25,157  tons,  as  compared 
with  .16,588  tons  in  1912,  and  11,509  tons  in 
1911  (Diplom.  and  Consular  Reports,  No.  5377 
of  1914).  By  far  the  largest  producer  is  East 
India. 

The  total  imports  of  castor  oil  into  this 
country  in  1916  were  1,322,000  gallons;  in 
1917  they  were  about  2,000,000  gallons.  The 
imports  of  castor  seed  in  1917  were  45,000  tons, 
the  bulk  of  which  went  to  Hull,  and  yielded 
4,176,000  gallons  of  oil,  the  greater  part  of  which 
was  used  for  aircraft  engine  lubrication  (J.  Soc. 
Chem.  Ind.  1919,  20  R.). 

The  seeds  consist  of  20  p.c.  of  husks,  which 
are  rich  in  mineral  matter,  but  contain  no  oil, 
and  80  p.c.  of  kernels,  forming  a white,  softisli 
mass.  The  whole  seeds  contain  a toxic  principle 
— ‘ ricine  ’ or  ricinine.  The  kernels  contain  a 
powerful  fat-hydrolysing  enzyme,  which  can  be 
made  use  of  on  a manufacturing  scale  for 
hydrolysing  oils  and  fats  for  soap-making  pur- 
poses. 

The  enzymes  lipase  and  esterase  can  be  ex- 
tracted from  castor  beans  by  means  of  ether 
(Falk  and  Suguira,  J.  Amer.  Chem.  Soc.  1915, 
37,  217).  The  lipase  is  capable  of  hydrolysing 
oils  at  temperatures  as  low  as  —5°,  a fact  which 
has  an  important  bearing  on  the  question  of 
the  enzymic  hydrolysis  of  fats  in  food  preserved 
in  cold  storage  (Blanchet,  Compt.  rend.  1914, 
158,  895).  It  is  reversible  in  its  action,  and  is 
capable  of  forming  mono-  di-  and  triolein  from 
an  emulsion  of  oleic  acid  and  glycerol  (Krausz, 
Zeitsch.  angew.  Chem.  1911,  24,  829). 

The  seeds  contain  46  to  53  p.c.  of  oil.  The 
oil  is  produced  on  a large  scale  either  by  expres- 
sion or  extraction.  For  the  production  of  best 
quality  oil — for  medicinal  purposes — the  seeds 
are  decorticated  before  being  expressed.  The 
press- cake  is  subjected  to  a second  and  third 
expression,  but  the  oils  so  obtained  are  unfit  for 
medicinal  use,  and  are  employed  for  technical 
purposes  (soap-making,  Turkey-red  oil,  and 
lubricating  oils).  The  cakes  retain  the  poisonous 
alkaloid,  and  are  therefore  unfit  for  feeding 
purposes.  Although  it  is  stated  that  by  washing 
the  cakes  with  6 or  7 times  their  amount  of  a 
10  p.c.  sodium  chloride  solution,  they  can  be 
freed  from  the  alkaloid,  no  castor  cake  is  actually 
used  for  feeding  cattle,  but  applied  exclusively 
to  manuring  the  land.  The  extracted  oil  is  only 
used  for  technical  purposes. 

Another  method  of  removing  the  toxic 
principle  is  to  grind  the  seeds  with  water  into  a 
thin  paste,  which  is  then  poured  into  boiling 
water.  This  coagulates  the  proteins,  and  the 
solid  matter  when  strained  off  and  expressed 
leaves  a meal  with  the  following  composition  : 
Water,  9 ’2  ; ash,  7 ‘3  ; oil,  2*6  ; proteins,  71 '7  ; 
crude  fibre,  5‘0  ; and  carbohydrates,  4*2  p.c. 
(Indian  Trade  J.  1908,  9,  309  ; 1909,  11,  273). 

A simple  physiological  method  of  detecting 
castor  seed  in  other  seeds  is  described  by  Lander 
and  Geake  (Analyst,  1914,  39,  292). 

Crude  castor  oil  is  refined  by  steaming  the 
oil,  whereby  the  albuminous  substances  are 
VoL.  li.—T. 


coagulated,  so  that  they  can  be  removed  by 
filtering. 

Castor  oil  is  a colourless  or  pale-greenish  oil, 
having  a taste  at  first  mild,  then  harsh  ; this 
harsh  taste  is  more  pronounced  in  American 
than  in  Italian  or  French  oils.  The  oil  differs 
from  all  other  fatty  oils  by  its  high  specific 
gravity,  viz.  up  to  0*968.  Contrary  to  older 
statements,  the  oil  does  not  dry,  even  when 
exposed  to  the  atmosphere  in  thin  layers.  It 
has  the  following  analytical  characters  ; Sp.gr. 
0'959-0*968  ; solidification  point,  —17°  to  —18°  ; 
iodine  value,  84-86  ; Reichert-Meissl  value, 
2-2*5  ; saponification  value,  175-183  ; acetyl 
value,  150  ; and  m.p.  of  fatty  acids,  13°. 

Castor  oil  is  strongly  dextro-rotatory  ; the 
optical  activity  is  due  to  the  presence  of  ricin- 
oleic  acid. 

The  chief  constituent  of  castor  oil  is  the 
triglyceride  of  ricinoleic  acid,  both  isomerides 
ricinoleic  and  tsoricinoleic  acid  being  comprised 
under  this  term  ; in  addition  thereto,  castor  oil 
contains  a small  proportion  of  glycerides  of  a 
natural  dihydroxystearic  acid'  and  of  stearic 
acid.  Palmitin  and  olein  are  absent. 

Owing  to  the  presence  of  triricinolem,  castor 
oil  is  distinguished  from  all  other  fatty  oils  by 
its  high  ‘ acetyl  value  ’ {see  above  and  Oils  and 
Fats).  Castor  oil  further  differs  from  all  other 
fatty  oils  by  its  ready  miscibility  with  absolute 
alcohol  and  glacial  acetic  acid,  as  also  by  its 
insolubility  in  large  quantities  of  light  petroleum, 
kerosene,  and  high-boiling  paraffin  oils.  The 
oil  gives  a homogeneous  solution  with  an  equal 
measure  of  light  petroleum,  or  one  volume  and 
a half  of  kerosene  or  paraffin  oil ; if  more  of  the 
solvents  is  used,  the  excess  will  float  on  the  top 
of  the  mixture.  If  castor  oil  be  mixed  with  a 
small  quantity  of  another  fatty  oil,  this  cha- 
racteristic insolubility  in  petroleum  distillates  is 
lost. 

On  subjecting  castor  oil  to  destructive  dis- 
tillation (as  in  the  preparation  of  ‘ cognac  oil  ’), 
undecylenic  acid  and  oenanthaldehyde  distil 
over,  whilst  the  residue  solidifies  to  a very 
bulky,  spongy,  indiarubber-like  mass,  for  which 
a solvent  has  not  yet  been  found.  This  residue 
appears  to  consist  of  the  anhydride  of  triun- 
decenoic  acid.  By  heating  castor  oil  for  10 
hours  at  a temperature  of  260°-300°  under  a 
pressure  of  4-6  atmospheres,  the  oil  becomes 
miscible  with  mineral  oils. 

When  heated  at  150°-250°,  and  then 
neutralised  with  alkali,  castor  oil  yields  soaps 
which  are  soluble  in  hydrocarbons,  &c.  If,  after 
heating,  the  oil  is  sulphonated  before  neutralisa- 
tion, a substitute  for  Turkey-red  oil  is  obtained, 
whilst  evaporation  of  the  product  leaves  a soap 
which  does  not  readily  form  insoluble  soaps  with 
calcium  and  magnesium  salts  (Blumer,  D.  R.  P. 
227993,  1907  ; sec  also  Eng.  Pat.  24868,  1897). 

Owing  to  its  viscous  character  castor  oil  is 
particularly  suitable  for  lubricating  internal 
combustion  engines,  and  is  now  largely  used  for 
aviation  motors.  Oil  for  this  purpose  should  be 
colourless,  have  sp.gr.  of  0 '964-0  *968,  and  an 
acid  value  of  less  than  0'3,  and  when  heated  in  a 
fiat  dish  for  an  hour  at  215°  should  not  darken  to 
any  material  extent.  The  chief  adulterants  of 
oil  supplied  for  lubrication  are  sugar  and 
arachis  oil  (q.v.). 

Castor  oil  is  a good  solvent  for  resins  in 
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rubber,  and  may  be  used  in  the  purification  of 
raw  rubber.  The  solution  of  extracted  resins 
may  be  made  into  soap  (Schopper,  Gum.  Zeit. 
1916,  30,  601). 

A process  of  preparing  acidyl  derivatives  of 
castor  oil,  which  are  free  from  the  objectionable 
odour  and  taste  of  the  oil,  has  been  patented 
(D.  R.  P.  226111,  1908).  J.  L. 

CASTOR  OIL  SEEDS  or  CASTOR  BEANS. 
The  seed  of  Ricinus  communis,  a plant  which 
grows  as  a tree  in  warm  countries,  attaining  a 
height  of  30  or  40  feet,  but  which  in  cooler 
climates  is  only  an  annual  shrub. 

The  following  is  an  analysis  of  Indian  seeds 
(Halenke  and  Kling,  Landw.  Versuch.  St.  1906, 
64,  51) 

Sol.carbo- 

Water  Protein  Oil  hydrates  Fibre  Ash 
Kernels,  70  p.c.  3-60  23-43  66-02  4-01  0-70  2-24 
Husk,  30p.c.  . 8-76  4-76  0-98  32-92  48-69  3-89 
Whole  seed  . 5-14  17-88  46-65  12-61  14-99  2-73 

In  many  varieties  the  proportion  of  husk  is 
much  lower,  sometimes  down  to  20  p.c. 

Of  the  total  ‘ protein,’  22-62  p.c.,  4-18  p.c., 
and  17-13  p.c.  respectively,  are  true  albumi- 
noids, whilst  of  the  carbohydrates,  0-89  p.c., 
15-63  p.c.,  and  5-29  p.c.  respectively,  are 
pentosans. 

The  ash  of  castor  seeds  was  analysed  by 
Thoms  (1890)— 

Sand. 

Water  etc.  FeaOg  CaO  MgO  KgO  NagO  PgOg  SOg  Cl 
0-30  19'59  5-65  17-08  lO'SS  IPSO  1-88  23'67  6-01  0-29 

Castor  seeds  are  very  poisonous.  Cornevin 
found  the  following  were  the  toxic  doses  in 
grammes  per  kilogram  of  body-weight.  Horses, 
oxen,  sheep  and  dogs,  3 ; pigs  about  5-  6 ; hens 
about  40. 

The  poisonous  constituent  was  believed  to 
be  ricinine  by  Soane  (Chem.  Zentr.  1895,  i.  853), 
but  is  now  known  to  be  ricin,  an  albumin, 
which,  with  two  non-toxic  substances— a 
jji’oteose  and  a globulin — constitute  the  proteids 
of  the  seeds  (Osborne  and  Mendel,  Proc.  Amer. 
Physiol.  Soc.  1903,  36). 

Ricinine,  according  to  Macquenne  and 
Philippe  (Compt.  rend.  1904,  138,  506  and  139, 
840),  has  the  composition  CgHgOgNg  ; it  melts 
at  201-5°  and  yields  ricinic  acid  C^HgOgNg  by 
saponification.  They  represent  its  constitution  as 

/C(C00CH3)  : C\ 

N(CH)g<(  I \n 

\CH  = CH  • 

Ricin,  the  poisonous  principle,  has  been 
examined  by  Stillmark  (Chem.  Soc.  Abstr.  1890, 
535),  Osborne,  and  others  {l.c.  and  Amer.  Jour. 
Physiol.  1905,  14,  259),  and  Brieger  (Chem.  Zentr. 
1904,  i.  1286).  It  can  be  extracted  from  the 
pressed  seeds  by  a 10  p.c.  solution  of  common 
salt,  from  which  it  is  precipitated  by  magnesium 
and  sodium  sulphates. 

Ricin  agglutinates  the  red  corpuscles  of  the 
blood.  Osborne  found  0-002  milligram  per  kilo- 
gram of  body  weight  sufficient  to  kill  a rabbit 
when  subcutaneously  injected.  It  can  be  kept 
for  months  without  deterioration,  but  loses  its 
poisonous  qualities  when  coagulated  by  heat. 
Toxic  symptoms  do  not  appear  until  after  a 
latent  period,  of  about  15  hours.  Castor  seeds 
also  contain  an  enzyme  capable  of  decomposing 
fats  into  glycerol  and  fatty  acids,  or,  according 


to  Falk  and  Sugiura  (J.  Amer.  Chem.  Soc.  1915, 
37,  217),  two  enzymes — esterase  and  lipase,  the 
former  active  towards  ethyl  butyrate,  the  latter 
towards  triacetin.  They  also  contain  an  enzyme 
urease,  capable  of  hydrolysing  urea  (Falk, 
J.  Amer.  Chem.  Soc.  1913,  1914,  36,  2166), 
similar  to,  but  weaker  than,  the  urease  of  soja 
beans. 

Castor  seeds  are  largely  used  as  source  of 
castor  oil  The  cake  left  is  rich  in  protein, 

and  if  it  were  not  poisonous,  would  prove  of 
value  as  a cattle  food.  It  contains — 

Soluble 

Protein  Oil  carbohydrates  Fibre  Ash 

29- 34  p.c.  1-4  p.c.  12-18  j)-c.  30-40  p.c.  6-9  p.c. 

By  subjecting  the  cake  to  high-pressure  steam, 
the  poisonous  qualities  are  said  to  be  destroyed, 
and  cake  so  prepared  may  safely  be  used  as  a part 
of  the  ration  of  fattening  animals.  According  to 
Ehrlich,  animals  may  be  immunised  against  the 
poison  by  feeding  them  with  very  small  quan- 
tities of  the  crude  cake  until  they  become 
accustomed  to  it.  The  serum  from  such  animals 
may  then  be  used  to  immunise  others. 

Neither  of  these  methods  of  utilising  castor 
cake  appears  to  have  been  successful,  and,  in 
England  at  least,  it  is  rarely  or  never  used  for 
feeding  purposes. 

The  leaves  of  the  castor  plant  are  rich  in 
lime  and  potash  -.  an  analysis  by  Wayne  (Pharm. 
J.  Trans.  1874,  3,  749)  gave  as  the  composition 
of  the  ash  of  the  leaves  : — 

CaO  MgO  EoO  NaoO  FcoOg  PoOg  SO,  Cl  COg  SiOo 
33-4  6-2  27-3  2-1  0-7  6-7  2-9  1-6  16-2  2-4 

H.  I. 

CASUMEN,  Trade  name  for  a soluble  form 
of  casein. 

CATALASE  v.  Enzymes,  art.  Fermentation. 

CATALYSIS  V.  Chemical  Affinity. 

CATAPLEIITE.  Hydrated  silicate  and  zircon- 
ate  of  sodium  and  calcium,  containing  ZrOg 

30- 40  p.c.  The  crystals  are  yellow  and  have  the 

form  of  thin  hexagonal  plates  ; sp.gr.  2-8,  H.  6. 
It  occurs  with  other  rare  minerals  in  nepheline- 
syenite  on  the  islands  in  the  Langesund-fjord 
in  south  Norway,  and  at  Narsarsuk  in  Green- 
land. L.  J.  S. 

CATECHIN  V.  Catechu. 

CATECHOL  {Pyrocatechol  or  Pyrocatechin, 
o-Dihydroxyhenzene,  1 : 2-Phendiol  C8H4(OH)2), 
occurs  in  the  leaves  of  the  Virginia  creeper 
{Am'pelo'psis  hederacea)  (Gorup  Besanez,  Ber. 

1871,  4,  905) ; in  the  sap  of  various  kinds  of  the 
kino  plants  (Eisfeldt,  ibid.  906  ; Fliickiger,  Ber. 

1872,  5,  1,  47)  ; in  crude  beet  sugar  (Lippmann, 
Ber.  20,  3298  ; 1893,  26,  3061  ; J.  Soc.  Chem. 
Ind.  1893,  535) ; in  the  dry  external  scales  of  the 
onion  ; in  Paglia  olive  oil  (Canzoneri,  Gazz.  chim. 
ital.  27,  3)  ; in  the  colouring  matter  of  red  grapes 
(Sostegni,  Gazz.  chim.  ital.  32,  17)  ; in  Silesian 
and  Westphalian  coal  (Bornstein,  Ber.  1902,  35, 
4324)  ; and  in  the  tar  water  of  bituminous  shale 
(H.  R.  P.  68944, 1892  ; Ber.  1902,  35,  4325).  The 
catechol  complex  also  exists  in  certain  glucosides 
(Nedra,  J.  Soc.  Chem.  Ind.  1900,  686  ; Schmidt 
and  Waljaschko,  Chem.  Zentr.  1901,  ii.  121), 
in  a large  number  of  products  of  vegetable 
origin  ; as  the  sulphate,  catechol  occurs  in  the 
urine  of  man  and  herbivorous  animals  (Muller, 
Ber.  1874,  7,  1526  ; Schmiedeberg,  Zeitsch. 
physiol.  Chem.  6,  189)  ; it  is  probably  also 
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contained  in  the  cerebro-spinal  fluid  (Halli- 
burton, J.  Phys.  Chem.  10,  247). 

It  is  formed  in  the  dry  distillation  of  mori- 
tannic  acid  (Wagner,  Annalen,  1850,  75,  351, 
80,  316)  ; of  catechin  (Zwenger,  Annalen,  1841, 
37,  327)  ; of  protocatechuic  acid  (Strecker, 
Annalen,  1860,  118,  285),  and  of  all  tannins  which 
give  a green  colouration  with  iron  chloride 
(Uloth,  Annalen,  1859,  111,  215).  It  is  also 
formed  when  filter  paper  is  heated  to  200°  or 
when  starch  or  sugar  is  heated  to  280°  with 
water  (Hoppe  Seyler,  Ber.  1871,  4,  15)  and  in 
many  other  reactions. 

Catechol  is  prepared  by  fusing  sodium 
o-benzene  disulphonate  (10  parts)  with  sodium 
hydroxide  (10-15  parts)  in  an  autoclave  for 
8-10  hours  at  280°-300°  and  pressure  of  2-3 
atmospheres.  The  mass  is  then  dissolved  in 
dilute  sulphuric  acid,  neutralised  with  chalk, 
evaporated,  cooled  and  filtered.  The  mother 
liquor  is  now  heated  in  an  autoclave  with  50  p.c. 
sulphuric  acid  (10  parts)  to  180°-220°.  The 
phenol  is  removed  from  the  solution  so  obtained 
by  blowing  steam  through  it ; it  is  then  de- 
colourised with  animal  charcoal,  after  which  the 
catechol  is  extracted  with  ether  (Baum,  Eng.  Pat. 
21353  ; D.  R.  P.  80817  ; J.  Soc.  Chem.  Ind. 
1894,  879  ; Ellis,  ibid.  1897,  674  ; Erdl.  1894-7, 
116).  Catechol  is  also  prepared  by  heating 
catechol  disulphonic  acid  or  the  sodium  salt 
with  water  or  mineral  acid  to  200°-215°  for 
10-15  hours  under  pressure  (Tobias,  D.  R.  P. 
81209,  1894  ; Erdl.  1894-7,  117) ; or  by  treating 
commercial  catechu  with  water  (Gutknecht, 
Chem.  Zeit.  1891,  15,  959)  ; or  by  diazotising 
o-aminophenol,  treating  the  product  with  boiling 
aqueous  copper  sulphate,  and  then  extracting 
the  catechol  with  ether  (Erdl.  1905-7,  128)  ; or 
by  the  distillation  of  orthobromo-  or  chloro- 
phenol  in  vacud  or  in  steam  (D.  R.  P.  76597  ; 
Erdl.  1890-4,  845),  or  by  heating  with  sodium 
hydroxide  (Erdl.  1894-7,  114  ; D.  R.  P.  84828). 
An  almost  theoretical  yield  of  catechol  can  be 
obtained  by  treating  guaiacol  with  fuming 
hydriodic  acid  (Perkin,  Chem.  Soc.  Proc.  1890, 
90)  ; or  by  the  interaction  of  o-hydroxybenzalde- 
hyde  with  aqueous  sodium  hydroxide  in  equi- 
molecular  proportions  ; to  the  sodium  salt  thus 
formed,  an  equimolecular  proportion  of  2-3  p.c. 
hydrogen  peroxide  is  then  added  and  the 
catechol  is  extracted  with  a suitable  solvent 
(Dakin,  Amer.  Chem.  J.  1909,  42,  477).  Also 
formed,  together  with  phenol,  by  acting  on 
benzene  with  hydrogen  peroxide  in  presence  of 
a ferrous  salt.  Other  methods  of  preparing 
catechol  are  described  by  Cross,  Bevan,  and 
Heiberg  (Ber.  1900,  33,  2018)  ; Kunzkrause 
(Ber.  1897,  30,  1620)  ; Meyer  {ibid.  2569)  ; Hart- 
mann and  Gattermann  (Ber.  1892,  25,  3532  ; 
D.  R.  P.  70718  ; Erdl.  1890-4,  52)  ; Gilliard, 
Monnet  and  Cartier  (D.  R.  P.  97099  ; Chem. 
Zentr.  1898,  ii.  521) ; Messel  (D.  R.  PP.  68944, 
60637  ; Erdl.  1890  -4,  844,  846). 

Catechol  is  readily  soluble  in  water,  alcohol, 
ether,  benzene,  and  crystallises  from  these 
solvents  in  prismatic  needles  or  tablets ; m.p. 
104°  ; b.p.  245°  (Grabe,  Annalen,  1889,  254, 
296).  Its  aqueous  solution  precipitates  metallic 
silver  from  silver  nitrate  solution  at  ordinary 
temperature,  and  with  ferric  chloride  it  gives  a 
green  colouration,  which  turns  violet  on  addition 
of  ammonia  or  sodium  acetate  (Wislicenus, 


Annalen,  1896,  291,  174),  whilst  in  the  presence 
of  aromatic  amino-sulphonic  acids  the  colour 
changes  to  red-brown  and  the  test  is  more 
dehcate  than  with  ferric  chloride  alone  (Bayer, 
Biochem.  Zeitsch.  1909,  20,  178).  Unlike  its 
isomeride,  resorcinol  (metadihydroxybenzene),  it 
is  converted  into  an  unstable  quinone  by  the 
action  of  silver  oxide,  and  its  calcium  salt 
Ca(CgHg02)2  is  precipitated  by  an  ammoniacal 
solution  of  calcium  chloride  (Bottinger,  Ber. 
1895,  28,  Ref.  327).  Catechol  can  be  separated 
from  its  isomeride  by  adding  antimony  fluoride 
to  their  aqueous  solution,  when  only  catechol 
antimonyl  fluoride  will  be  precipitated  (Causse, 
Ann.  Chim.  Phys  1898,  (vii.)  14,  526,  538). 

An  alkaline  solution  of  catechol  becomes 
green,  then  black  on  exposure  to  air ; cate- 
chol is  also  oxidised  to  a black  insoluble  sub- 
stance by  the  action  of  Catecholase,  a thermo- 
stable substance  obtained  from  the  young  shoots 
of  Salix  purpurea  (Weevers,  Proc.  K.  Akad. 
Wetensch,  Amsterd.  1909,  12,  193).  Heated 
with  ammonium  carbonate  to  140°,  catechol 
yields  protocatechuic  acid  CgH3(0H)2C02H. 

Catechol  is  used  in  photography,  forming  a 
very  efficient  developer  in  the  presence  of 
sodium  sulphite  or  tribasic  sodium  phosphate 
as  accelerator  (Eder,  J.  Chem.  Soc.  Ind.  1890, 
102  ; Brit.  J.  Photogr.  1900,  47,  676).  It  can 
also  be  used  as  the  starting-point  in  the  prepara- 
tion of  a large  number  of  valuable  derivatives. 

Alkali  salts  of  catechol  of  the  general  com- 
position OH-CgH4-OM,CgH4(OH)2,  can  be  ob- 
tained by  treating  catechol  with  a solution  of 
the  theoretical  quantity  of  alkali  hydroxide  or 
of  a salt  with  an  alkaline  reaction,  such  as  the 
sulphites.  They  form  readily  crystalhsable 
salts,  used  in  photography,  and  can  be  employed 
for  producing  pure  catechol  (Meister,  Lucius  and 
Briining,  D.  R.  P.  164666,  1904 ; Erdl.  1905-7, 
129). 

The  mono-  and  di-ethyl  ethers  of  catechol 
are  prepared  by  heating  under  pressure  a solu- 
tion containing  catechol,  sodium  hydroxide,  and 
sodium  ethyl  sulphate  or  chloride  in  equivalent 
proportions.  The  ethers  are  then  removed  by 
steam  distillation  and  separated  by  treatment 
with  sodium  hydroxide,  in  which  only  the  mono- 
ether  is  soluble  (J.  Soc.  Chem.  Ind.  1896,  741  ; 
Eng.  Pat.  16047,  1896).  The  diethers  can  be  pre- 
pared by  the  action  of  alkalis  on  the  monoethers 
(Erdl.  1894-7,  123  ; D.  R.  P.  92651). 

Catechol  monoethyl  ether  forms  large  clear 
colourless  crystals,  m.p.  26°-27°,  b.p.  215°, 
which  have  an  odour  similar  to  that  of  thymol, 
and  are  soluble  in  alcohol  and  ether,  but  not  in 
water. 

The  monoalkyl  ethers  of  catechol,  when  fused 
or  treated  in  solution  with  various  proteids, 
albumoses,  and  peptones,  yield  compounds 
which  are  applied  therapeutically  (Eehrlin, 
D.  R.  P.  162656,  1906). 

Monoethyl  catechol  ether  v.  Guaiacol. 

Dimethyl  catechol  ether  v.  Vekatrol. 

Catechol,  when  fused  with  aliphatic  amines 
or  heated  with  them  in  suitable  solvents,  yields 
stable  amines  which  form  useful  photographic 
developers  (D.  R.  P.  141101,  1903  ; Erdl. 
1900-2,  1218).  Other  amino-  and  also  nitro- 
derivatives  are  described  by  Meldola,  Woolcott 
and  Wray  (Chem.  Soc.  Trans.  1896,  1332)  ; 
‘ Heinisch  (Monatsh.  1894,  15,  229)  ; Nietzki  and 
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Moll  (Ber.  1893,  26,  2182)  ; Blankswa  (Rec. 
trav.  chini.  1905,  24,  40)  ; Grischkewitsch- 
Trochimowski  (J,  Russ.  Rhys.  Chem.  Soc.  1909, 
41,  1324)  ; Dakin  (lx.). 

Good  stable  black,  greenish,  and  bluish-black 
dyes,  soluble  in  carbonates  and  alkadine  sul- 
phides, have  been  obtained  by  the  action  of 
aliphatic  amines  on  catechol  at  180°-222° 
(D.  R.  P.  84632  ; Frdl.  1894-7,  1048). 

Methylene  catechol  ether  CH2<^Q^^CgH4  is 

a colourless  liquid ; b.p.  172°-173°  (Moureu, 
Bull.  Soc.  chim.  1897,  15,  654  ; Mameli,  Atti.  R. 
Accad.  Lincei,  1906,  (v.)  15,  ii.  101  ; Perkin, 
Robinson,  and  Thomas,  Chem.  Soc.  Trans. 
1909,  1977).  A number  of  derivatives  have 
been  prepared  (Moureu,  l.c.  1898,  19,  507  ; 
Medinger,  Monatsh,  1906,  27,  237  ; Barger, 
Chem.  Soc.  Trans.  1908,  563,  2081  ; Barger 
and  Ewins,  ibid.  735). 

Catechol  di'phenylmethylene  ether 


is  prepared  by  gently  heating  catechol  with 
benzophenone  chloride  ; colourless  prisms,  m.p. 
93°  (Sachs  and  Thonet,  Ber.  1904,  37,  3327). 

The  methylene  ethers  of  catechol  derivatives 
can  be  converted  into  chlorine  derivatives  of 
their  cyclic  carbonates  by  being  heated  with 
thionyl  chloride  (Wellcome  and  Barger,  Eng.  Pat. 
15987,  1907  ; J.  Soc.  Chem.  Ind.  1908,  355). 

.O-CH^ 

Catechol  ethylenic  ether  CgH^!^  ] b.p. 

\0-CH2 

216°  (110°-111°,  31  mm,),  is  readily  obtained 
by  heating  catechol  with  potash,  ethylenic 
bromide  and  water  in  an  atmosphere  of  hj^dro- 
gen.  Potassium  permanganate,  hydrogen 
iodide,  and  ammonia  have  an  action  on  it,  but 
it  is  oxidised  by  chromic  acid  to  oxalic  and 
carbonic  acids.  It  jdelds  a number  of  sub- 
stitution derivatives  (Moureu,  Compt.  rend. 
1898,  126,  1426  ; Bull.  Soc.  chim.  1898,  (hi.)  19, 
507  ; Gattermann,  Annalen,  1907,  357,  313 ; 
Lazennec,  Bull.  Soc.  chim.  1909,  (iv.)  5,  501,  509). 

.0-CH 

Catechol  acetylenic  ether  CgH4\  |1  is 

^O'CH 

prepared  by  dehydrating  orthohydroxyphen- 
oxy aldehyde  with  phosphoric  anhydride  in  pre- 
sence of  quinoline.  It  is  a colourless  oil,  boiling 
at  193°,  and,  when  strongly  cooled,  forms 
brilliant  white  crystals,  m.p.  16°-20°.  It  forms 
a dibromide  CgH402(CII)2Br2,  m.p.  103°-104-5°, 
which,  in  contact  with  water,  is  converted 
into  catechol,  glyoxal,  and  hydrogen  bromide 
(Moureu,  Compt.  rend.  1899,  128,  559). 

Catechol  forms  a number  of  acetals  (Moureu, 
Compt.  rend.  1898,  126,  1656)  ; also  a vinyl 
derivative  (Kurz  Krause,  Ber.  1897,  30,  1617  ; 
Pauly  and  Neukam,  ibid.  1908,  41,  4151). 

' Catechol  sulphonic  acid  CgH3(0H)2S03H  is 
conveniently  prepared  by  stirring  together  a 
meta-halogen  phenol  sulphonic  acid  with  about 
an  equal  weight  of  sodium  hydroxide  in  aqueous 
solution,  and  heating  the  mass  to  250°  for  8-10 
hours.  The  mass  is  now  dissolved  in  water  and 
neutrahsed  with  a mineral  acid  such  as  sul- 
phuric. f The  solution  is  evaporated  and  the 
sodium'^sulphate  filtered  off,  whilst  the  concen- 
trate solution  of  catechol  sulphonic  acid  yields 


pure  catechol  when  heated  with  mineral  acids 
(Frdl.  1897-1900,  150  ; 1902-4,  100  ; D.  R.  P. 
9623  ; Ellis,  Eng.  Pat.  14931,  1896). 

Catechol  disulphonic  acid  is  obtained  by 
treating  catechol  with  5 times  the  amount  of 
fuming  sulphuric  acid  (Cousin,  Compt.  rend. 
1893,  il7,  113),  or  by  fusing  phenol  trisulphonic 
acid  or  its  salts  with  alkalis  and  decomposing 
the  alkali  sulphonate  so  obtained  with  dilute 
sulphuric  acid  (Frdl.  1894-7,  118). 

Halogen  derivatives  (Jackson  and  Boswell, 
Anier.  Chem.  J.  1906,  35,  519  ; Dakin,  l.c.). 

Monochlorcatechol  CgH3(QH)2Cl,  m.p.  80°- 
81°,  is  obtained  by  the  interaction  of  sulphuryl 
chloride  with  catechol  in  ethereal  solution ; 
by  using  a larger  proportion  of  sulphuryl 
chloride,  the  dichlorcatechol,  m.p.  105°— 106°,  is 
obtained  (Paratoner,  Gazz.  chim.  ital.  1898,  28, 
i.  197). 

Trichlor catechol  CgH3Cl302  is  obtained  by 
the  action  of  a chlorine  solution  in  acetic  acid  or 
an  acetic  chloroform  solution  on  catechol.  It 
forms  colourless  odourless  prisms,  m.p.  104°- 
105°,  with  a burning  taste.  Excess  of  chlorine 
yields  tetrachlorocatechol  (Cousin,  Compt.  rend. 
1895,  120,  840).  The  corresponding  bromo- 
derivatives  are  obtained  similarly  (Cousin,  l.c.). 

The  bismuth  brominated  catechols  are  re- 
commended as  a satisfactory  substitute  for 
tribromphenoxide,  which  is  employed  medi- 
cally, under  the  name  of  ‘ xeroform.’  They  are 
produced  by  adding  an  acid  solution  of  bismuth 
nitrate  to  alkaline,  tetra-,  tri-,  or  di-bromo- 
catechol,  or  by  introducing  precipitated  bismuth 
hydroxide  into  an  alcoholic  solution  of  the 
bromocatechol  (D.  R.  P.  107544,  1909). 

Catechol  carboxylic  acid 

CgH4(0H)-0-C02H,iH20 

m.p.  240°,  is  formed  by  the  action  of  ammonium 
carbonate  on  catechol  at  130°-140°  under 
pressure,  or  by  heating  catechol  with  glycerol 
and  potassium  hydrogen  carbonate  at  180°-210° 
in  an  atmosphere  of  carbon  dioxide  (Praxmarer, 
Monatsh.  1906,  27,  1199).  The  di-carboxylic  acid 
can  also  be  prepared.  Derivatives  of  catechol 
carboxylic  acid,  used  in  medicine,  are  obtained 
by  the  interaction  of  alcohols  and  also  of  primary 
and  secondary  bases  with  catechol  carbonate  ; 
thus  : 

c,h,<^\co-i-c,h,oh 

=CeH,(OH)0-CO,C,H5 

or  by  using  aniline,  the  compound 
C6H4(0H)0-C0NHCgH5  is  obtained,  whilst 
with  ethylene  diamine  it  forms  dicatechol- 
dicarbethylenediamide  C2H4(NH-C02CgH4-0H)2 
(Einhorn  and  Lindenberg,  Annalen,  1898,  300. 
135;  D.  R.  P.  92535;  Frdl.  1894-7,  1110). 
A number  of  similar  compounds  are  described 
by  Einhorn  and  Lindenberg  (l.c.).  ; Einhorn 
and  Pfeiffer  (Annalen,  1898,  310,  218). 

Methyl  catechol  dicarbonate,  m.p.  41°,  is 
described  by  Syniewski  (Ber.  1895,  28,  1874). 

Carbonyl  esters  of  catechol  of  the  type 
C0(0CgH40R)2,  also  used  in  medicine,  are  pre- 
pared by  the  action  of  phosgene  on  the  corre- 
sponding alkyl  catechol  in  sodium  hydroxide 
solution  (D.  R.  P 72806  ; Frdl.  1890-4,  854).  i 

Catechol  monoacetic  ncid 

C6H4(0H)0-CH2-C02H 
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m.p.  131°,  is  obtained  by  the  action  of  monochlor- 
acetic  acid  on  catechol  in  aqueous  or  alkahne 
solution.  When  heated  to  120°,  it  forms  the 

anhydride  CgH4<^^|^^^^CO,  m.p.  56°  (J.  Soc. 

Chem.  Ind.  1896,  588),  which,  when  treated 
with  water,  yields  the  acid  in  a very  pure  state 
(D.  R.  PP.  87336,  87668,  87669,  89593  ; Frdl. 
1894-7,  1106,  1107,  1108).  The  sodium  'Salt  of 
this  acid  is  said  to  be  a better  remedy  for 
phthisis  and  loss  of  appetite  than  guaiacol  or  its 
carbonate  (Frdl.  1894-7,  1106).  A large  number 
of  derivatives  formed  by  the  acid  are  described 
by  Ludwig  (J.  pr.  Chem.  1900,  ii.  61,  345). 
Catechol  diacetates  are  described  by  Drezgowski 
(J.  Russ.  Phys.  Chem.  Soc.  25,  157),  and  by 
Voswinckel  (Ber.  1909,  42,  4561). 

Catechol  reacts  with  chloracetyl  chloride  or 
chloracetic  acid,  forming  chloroacetyl  catechol, 
thus  : 

CeH4(OH)2+ClCH2-COCl=CeH3(OH)2CO-CH2Cl 

which,  with  ammonia  or  a primarj?-  aliphatic 
amine,  yields  amino-acetyl  compounds  of  the 
type  RNHCH2CO-CgH3(OH)2,  and  these  keto- 
compounds  can  be  readily  reduced  to  the  cor- 
responding alcohol  (Imray,  Eng.  Pat.  26480, 
1903  ; J.  Soc.  Chem.  Ind.  1904,  1043  ; D.  R.  P. 
13209  ; Frdl.  1890-4,  857)  {see  also  Adrena- 
line). 

Aniline  and  chloroacetyl  catechol  form  an 
anilide  CgH  (OH)2CO'CH2'NHPh,  which,  with 
nitrous  acid,  yields  catecholglycophenyl  triazine 
[CgH3(OH)2]2CO-CH2-N*Ph-N  : NCH2CO  ; m.p. 
115°,  with  decomposition.  The  corresponding 
tolyl-  derivative  melts  at  120°,  and  is  pre- 
pared in  a similar  manner  (Dzierzgowsky,  Ber. 
1894,  27,  1983  ; D.  R.  P.  71312  ; Frdl.  1890-4, 
857). 

Acetocatechol  CgH3Ac.(OH)2,  m.p.  116°  ; di- 
7nethoxyacetcatechol  CgH3Ac.(OMe)2,  and  catechol- 
gly  cothiocyanate  CgH3(OH)2CO‘CH2’SCN,  m.p. 
i47°-150°,  have  been  prepared  by  Dzierzgowsky 
{l.c,).  According  to  Abderhalden  and  Kautsch, 
the  chloracetyl  derivatives  of  catechol,  when 
treated  with  ammonia,  are  resolved  into  their 
components  (Chem.  Zentr.  1910,  ii.  1356). 

Alkyl  acetyl  catechol  alkyl  ethers,  used  in 
pharmacy,  are  obtained  by  the  action  of  the 
alkyl  acetyl  chlorides  on  catechol  monoalkyl 
ethers  (J.  Soc.  Chem.  Ind.  1906,  653  ; Eng.  Pat. 
25571,  1905  ; U.S.  Pat.  822339,  1906). 

A soluble  tasteless  product,  CjoH8N20g, 
useful  for  medical  purposes  and  as  a substance 
from  which  other  valuable  technical  products 
can  be  obtained,  is  formed  by  the  condensation 
of  catechol  with  alloxan  in  the  presence  of  zinc 
chloride  or  mineral  acids.  It  forms  prismatic 
crystals,  which  decomjiose  above  200°  (D.  R.  P. 
107720  ; Frdl.  1897-1900,  864). 

Catecholdiantipyrine  is  obtained  by  mixing 
aqueous  solutions  of  its  constituents,  and  forms 
colourless  needles ; m.p.  78°-79°  (Patein  and 
Dufan,  Compt.  rend.  1895,  121,  532). 

Piperidine  catechol  C.HjjN,[CgH4(OH2]2 
forms  white  crystals  which  rapidly  become  red 
and  then  brown  on  exposure  to  air.  It  melts  at 
80°-8l°  (Rosenheim  and  Schidrowitz,  Chem. 
Soc.  Trans.  1898,  140). 

Catechol,  when  treated  with  phthalic  anhy- 
dride and  sulphuric  acid  at  150°,  yields  alizarin  ; 
thus  : 


n XT  t TT 


CO' 


=CgH4< 


-CO' 

.CO. 


Ti 

'^6^2\OH(2) 

(Baeyer  and  Caro,  Ber.  1874,  7,  972  ; Lieber- 
mann  and  Hohenemser,  ibid.  1902,  35,  1778)  {v. 
Alizarin  and  allied  colouring  matters). 

Catecholphthalein  C2oH440g  is  prepared  by 
heating  phthalic  anhydride  (3  parts)  with  cate- 
chol (2  parts)  and  zinc  chloride  (3  parts)  to 
140°-i50°  for  3-4  hours.  The  aqueous  extract 
of  the  product  is  boiled  with  animal  charcoal, 
and  the  filtrate,  on  cooling,  deposits  yellowish- 
white  leaf  crystals  of  the  substance  which  sinters 
80°-90°,  but  does  not  melt  (Meyer  and  Pfoten- 
hauer,  Ber.  1907,  40,  1442 ; Bayer,  Chem. 
Zentr.  1910,  h.  1524). 

Under  certain  conditions,  catechol  combines 
energetically  with  diazo-  compounds  yielding  azo- 
dyes  (Witt  and  Mayer,  Ber.  1893,  26,  1072  ; Or- 
ton and  Everatt,  Chem.  Soc.  Trans.  1908,  1021). 
Thus  Benzeneazocatechol  CgH3(OH)2N2CgH5, 
m.p.  165°,  which  dyes  cotton  mordanted  with 
alumina  a golden  yellow,  is  formed  by  the  inter- 
action of  an  alcoholic  solution  of  catechol  and 
a concentrated  solution  of  diazobenzene  chloride, 
the  mixture  then  being  poured  on  to  ice.  The 
nitro-  derivative  N02‘CgH4N2CgH3(0H)2  colours 
alumina  mordants  red,  and  iron  and  chromium 
mordants  brown ; the  sodium  sulphonate 
S03NaCgH4N2CgH3(0H)2  colours  wool  mor- 
danted with  alumina,  yellow ; with  chromium, 
red-brown.  Similar  toluene  compounds  have 
also  been  obtained.  Catechol  also  forms  triazo- 
or  azoimido-  compounds  (Rupe  and  Majewski, 
Ber.  1900,  33,  3401). 

Catechol  glycoisoquinoline 

HO-C  H -^C0-CH2 
^6^3\0— NC9H7 

forms  glittering  orange-coloured  crystals  which 
give  a red  colouration  with  very  dilute  ferric 
chloride  and  a green  colour  in  presence  of  excess 
of  the  latter  ; both  the  base  and  the  chloride 
dye  cotton  mordanted  with  iron,  aluminium,  or 
chromium  salts,  black-yellow  or  reddish-brown 
respectively  (Nencki,  Ber.  1894,  27,  1969). 

Catecholglycotetrahydroquinoline  C j 7NO  3 
crystallises  in  yellow  lustrous  plates  ; m.p.  170° 
(Ncncki,  l.c.). 

Catechol,  when  heated  with  zinc  chloride  and 
formic  acid,  yields  aurin  dyes  which  give  fast 
colours  with  metallic  oxide  mordants  (Caro,  Ber. 
1893,  26,  254). 

Catechol  tannins  are  employed  in  colouring 
leathers  (J.  Soc.  Chem.  Ind.  1907,  423,  882 ; 
ibid.  1909,  1151). 

A number  of  products  obtained  by  the  con- 
densation of  catechol  with  ketones  are  de- 
scribed by  Fabinyi  and  Szeky  (Ber.  1905,  38, 
2307). 

Catechol,  when  warmed  with  an  alco- 
holic solution  of  picryl  chloride  containing 
sodium,  yields  3 : to-d.initro-o-diphenylene  oxide, 
CgH402-CgH2(N02)2,  m.p.  192°-192-5°  (Hillyer, 
Amer.  Chem.  J.  1900,  23,  125). 

Catechol  heated  with  hippuryl  chloride  on 
the  water-bath  yields  o -hydroxy phenyl  hippurate 
NHBz-CHa-COaCgH^-OH,  m.p.  134°-136°,  which 
with  hydrogen  chloride  gives  the  anhydride 
CigHiiOgN,  m.p.  232°-233°  (Fischer,  Ber.  1905, 
38,  2926). 
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When  catechol  is  hydrogenated  in  the  pre- 
sence of  finely  divided  nickel,  cis- cyclohexane 
1 : 2-diol,  m.p.  75°-76°,  b.p.  225°,  is  formed 
(Sabatier  and  Mailhe,  Compt.  rend.  1908,  146, 
1193). 

A number  of  quinone  and  halogen  quinone 
derivatives  of  catechol  are  described  by  Jackson 
and  Koch  (Amer.  Chem.  J.  1901,  26,  10)  ; 
Jackson  and  Porter  {ibid.  1903,  30,  518)  ; Jack- 
son  and  Russe  {ibid.  1906,  35,  154  ; Ber.  1905, 
38,  419).  Other  derivatives  of  catechol  have 
also  been  prepared  (Cousin,  Ann.  Chim.  Phys. 
1898,  (vii.)  480  ; 1899,  (vii.)  18,  76  ; Bischoff, 
Ber.  1900,  33,  1669  ; Wisinger,  Monatsh.  1900, 
21,  1007  ; Bischoff  and  Hedenstrom,  Ber.  1902, 
35,  3452 ; Bischoff  and  Frohhch,  Ber.  1907, 
40,  2779,  2790  ; Barger  and  Ewins,  Chem.  Soc. 
Trans.  1909,  552,  1482 ; Pourneau,  J.  Pharm. 
Chim.  1910,  (vii.)  1,  55,  97). 

Catechol  phosphines  and  chlorophosphines 
(Krauer,  Ber.  1894,  27,  2565) ; phosphites  and 
sulphites  (Anschutz  and  Posth,  Ber.  1894,  27, 
2751) ; also  a number  of  antimonyl  catechol  com- 
pounds (Causse,  Z.c.),  some  bismuth  derivatives 
(Richard,  Chem.  Zentr.  1900,  ii.  629),  and  a lead 
salt  (Jackson  and  Koch,  Ber.  1898,  31,  1458), 
have  been  prepared. 

Homologues  of  catechol,  such  as  homo- 
catechol  (o-dihydroxytoluene),  can  be  prepared 
by  heating  the  corresponding  alcohol  with 
catechol  in  the  presence  of  zinc  chloride  in  open 
or  sealed  vessels  (Merck,  Frdl.  1894-7,  115  ; 
D.  R.  P.  78882),  or  by  the  interaction  of  per- 
sulphates  and  p -phenol  derivatives  in  alkaline 
solution,  the  product  then  being  warmed  with 
acid  (Frdl.  1894-7,  121  ; D.  R.  P.  81298). 

o„h.<::^®“|i>+KjSjO,h-koh 

/OK(l) 

=C8H3'f  0S020K(2)+K2S04-|-H20 
\R(4) 

/OK(l) 

CeH3<;  0S020K(2)+H2S04+H20 
\R(4) 

/OH(l) 

-CeH3^0H(2)-l-3KHS04 

\R(4) 

This  method  can  be  applied  to  the  production  of 
a large  number  of  various  derivatives. 

CATECHU  or  CUTCH.  There  are  several 
varieties  of  catechu  or  cutch  bearing  different 
names  according  to  the  country  or  plants  from 
which  they  are  obtained.  The  following  are 
those  principally  employed  by  dyers  and 
tanners  : Gambler  catechu,  Bengal  or  Acacia 
catechu,  Bombay  or  Areca  catechu,  and  Man- 
grove cutch. 

Although  catechu  has  perhaps  received  greater 
attention  than  other  natural  dyes,  the  results 
have  been  so  varied  that  the  chemistry  of  the  sub- 
ject was  for  a long  time  in  a most  unsatisfactory 
condition.  Some  confusion  has  arisen  from  the 
non-appreciation  of  the  fact  that  the  main 
constituents  of  Gambler  and  Acacia  catechu  are 
not  identical,  and  some  uncertainty  has  also 
apparently  existed  as  to  the  botanical  origin 
of  the  commercial  varieties.  Bombay  catechu 
is,  for  instance,  occasionally  referred  to  as 
originating  from  the  Acacia  catechu,  and  Bengal 
catechu  from  the  Areca  catechu  (Linn.)  ; and  in 
many  cases,  at  the  present  time,  it  is  impossible 


to  ascertain  the  botanical  derivation  of  com- 
mercial brown  cutch  preparations. 

Oambier  catechu. — Gambler,  yellow  cutch, 
cubical  cutch,  cube  gambler,  or  terra  japonica, 
is  obtained  from  the  Uncaria  gambier,  an 
extensive  scandent  bush  which  is  met  with,  both 
wild  and  cultivated,  in  Malacca,  Penang,  and 
Singapore.  The  catechu  is  isolated  by  extract- 
ing the  leaves  and  twugs  with  hot  water  until  the 
liquid  becomes  syrupy,  the  insoluble  matter 
being  removed  from  time  to  time  by  means  of 
a strainer.  On  cooling,  the  pasty  mass  is  cut 
into  cubes  with  sides  1 inch  in  length  and 
dried  on  bamboo  trays. 

Catechin  Gj5Hj408,4H20,  the  crystalline 
principle,  was  first  described  by  Nees  van  Esen- 
beck  (Annalen,  1832,  1,  243),  was  subsequently 
examined  by  Berzelius  in  1837  (J.  14,  235),  and 
more  recently  by  numerous  chemists.  To 
isolate  catechin,  Lowe  (Zeitsch.  anal.  Chem. 
13,  113)  devised  the  following  method  : catechu 
is  washed  with  cold  water  to  remove  catechu 
tannic  acid,  well  pressed,  allowed  to  dry,  and 
dissolved  in  hot  acetic  ester.  The  filtered 
solution  is  evaporated  and  the  residue  crystal- 
lised from  hot  w'ater. 

According  to  Perkin  and  Yoshitake  (Chem. 
Soc.  Trans.  1902,  81,  1162),  a combination  of 
this  method  and  that  of  Berzelius  (Z.c.)  gives 
good  results. 

The  finely  powdered  catechu  is  extracted 
with  10  times  its  weight  of  boifing  ethyl  acetate, 
the  solution  is  evaporated,  and  the  residue 
crystallised  from  10  times  its  weight  of  waters 
The  product  is  again  dissolved  in  boiling  water, 
and  lead  acetate  solution  added,  drop  by  drop, 
until  a coloured  precipitate  is  no  longer  formed, 
and  the  filtrate  is  almost  colourless  ; the  latter, 
while  hot,  is  treated  with  sulphuretted  hydrogen, 
the  lead  sulphide  removed,  and  the  crystals, 
which  separate  on  cooling,  are  collected,  washed, 
and  allowed  to  dry  at  the  ordinary  temperature. 
The.  substance  is  now  practically  colourless,  and 
the  yield  greater  than  if  the  purification  had 
been  effected  by  frequent  crystallisation  from 
water. 

The  formulse  which  have  been  assigned  to 
catechin  are  very  numerous.  It  has  been  shown 
by  V.  Kostanecki  and  Tambor  (Ber.  1902,  35, 
1867),  and  simultaneously  by  Perkin  and 
Yoshitake  (Z.c.),  that  it  is  correctly  represented 
as  Ci5H440s,4H20. 

Catechin  forms  colourless  needles,  and  when 
crystallised  from  water  the  air-dry  product 
melts  at  96°  (Clauser,  Ber.  1903,  36,  101).  After 
standing  over  sulphuric  acid,  it  possesses  the 
formula  C45H4406,H20,  and  melts  at  176°-177°, 
and  this  is  also  the  melting-point  of  the  anhy- 
drous substance.  Catechin  is  readily  soluble  in 
boiling  water  and  cold  alcohol,  and  gives  with 
lead  acetate  solution  a colourless  precipitate, 
and  with  ferric  chloride  a deep -green  liquid. 
With  pine  wood  and  hydrochloric  acid,  it  gives 
the  phloroglucinol  reaction. 

On  fusion  with  alkali,  protocatechuic  acid, 
phloroglucinol,  and  probably  acetic  acid  are  pro- 
duced. and  it  is  interesting  to  note  that  catechu 
, has  been  considerably  employed  for  the  com- 
I mercial  preparation  of  the  former  compound. 

' Schiitzenberger  and  Rack  (Bull.  Soc.  chim. 
4,  6)  have  described  a dibenzoylcatechin  ; and 
Liebermann  and  Tauchert  (Ber.  1880,  13,  695), 
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diacetyl  catechiii,  diacetyl  dichlorcatechin,  and 
diacetyl  dibromcatechin  ; but  their  formulae  for 
these  compounds  are  now  known  to  be  incor- 
rect. 

Pe7ita  - acetyl  - calechin  Ci5H906(C2H30)5 ; 
colourless  needles,  m.p,  124°-l!25°  (v.  Kosta- 
necki  and  Tambor)  ; pe7itahenzoyl  catechiT), 
Ci5H90g(C7H50)5,  colourless  needles,  m.p.  151°- 
153°  ; tetrabenzoyl  catechin,  Cj5HjoOg(C7HgO)4  ; 
prisms,  m.p.  171°-172°  (Perkin  and  Yoshitake)  ; 
disazobenzene  catechm,  C45H420g(CgH5N2)2j 
salmon  - red  needles,  m.p.  193°-195°  (Etti, 
P.  and  Y.)  ; acetyldisazohenzene  catechm,  orange- 
red  needles,  m.p.  253°-255°  (P.  and  Y.)  ; catechin 
tetrainethylether  C45H4gOa(OCH3)4,  needles,  m.p. 
141:°-146°  (K.  and  T.)  ; acetyl  catechm  tetra- 
methylether  C45H902(0CH3)4C2H30,  needles, 
m.p.  92°-93° ; and  catechin  pentamethylether 
C45H90(0CH3)g  (K.  and  T.),  have  been  prepared. 

When  catechin  tetramethylether,  suspended 
in  water,  is  oxidised  with  potassium  perman- 
ganate, it  gives  veratric  acid,  and  most  probably 
phloroglucinol  dimethylether  (Chem.  Soc.  Trans 
1905,  87).  As  the  result  of  this  investigation, 
Perkin  considered  that  catechin  was  possibly  a 
reduction  product  of  quercetin  : 


.Os 


OH 


OH 


.OH—/ 


V-_./ 


OH 


UH-OH 


OH  CH. 

Ov 


OH 


OH^ 
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\CH- 

^CH, 

OH  CH-OH 


o- 


and  indeed  a small  quantity  of  the  latter  colour- 
ing matter  is  present  in  catechu  (Lowe  ; Perkin, 
ibid.  71,  1135). 

More  recently,  v.  Kostanecki  and Lampe  (Ber. 
1906,  39,  4007)  have  shown  that  when  catechin 
tetramethylether  is  brominated  in  the  presence 
of  sunlight,  only  a Tnonobromcatechin  tetramethyl- 
ether, m.p.  173°-174°,  is  produced,  whereas  the 
above  constitutional  formulae  require  the  forma- 
tion of  a dibromo-  compound.  When  oxidised 
with  permanganate,  bromcatechin  tetramethyl- 
ether gives  veratric  acid,  so  that  the  bromine 
must  have  replaced  one  hydrogen  of  the  phloro- 
glucinol nucleus.  When  alcoholic  solutions  of 
catechin-tetramethylether  and  of  iodine  and 
iodic  acid  are  mixed,  long  colourless  needles  of 
iodocatechin-tetramethylether  separate  after  a 
few  hours  : — 


m.p.  192°-193°  ; this  yields  an  acetyl  deriva- 
tive C21H23O7I,  m.p.  189°. 

Iodocatechin-tetramethylether  when  treated 
with  zinc -dust  and  alkali  yields  the  original 
catechin-tetramethylether,  this  elimination  of 
iodine  being  also  noticed  with  other  members 
of  the  maclurin  type  (v.  Kostanecki  and  Lampe, 
Ber.  1907,  40,  4910).  v.  Kostanecki  and  Lampe 


have  assigned  the  following  constitution  to 
catechin  : — 


HO^  — 0 

Hol^— OH(OH)— I CH2^^H2 

OH 


and  this  is  in  harmony  with  many  of  the 
properties  of  this  substance.  When  catechin 
tetramethylether  is  oxidised  with  chromic  acid, 
catechone  trwieihylether,  orange-yellow  needles, 
m.p.  210°,  is  produced  (K.  and  T.)  : 

0 


CH3O 

CH3O 


CH. 


)— CH(OH)— , 


-CHe 


0 

whereas  catechin  pentamethylether  gives  the 
tetramethyl  compound  : 
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CH3O 

CH3O 


CH3O 

-CH(0CH)3— 


— CHo"^ 


0 


and  this  behaviour  is  analogous  to  that  of 
leucomaclurin  pentamethylether  {see  Maclurin). 

Acetyl  catechone  by  reduction  with  zinc-dust 
and  glacial  acetic  acid,  and  hydrolysis  of  the 
product,  gives  hydroxy -catechin,  yellow  needles, 
melting  at  284°-285° — 

OH 


The  hexamethylether  has  m.p.  102°  (Nieren- 
stein,  Annalen,  1903,  396,  194). 

When  catechone  trimethylether  is  nitrated, 
a mononitro-  derivative  (1)  : 
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CH30/\n02 

CH30I  ^COOH 


m.p.  141°,  is  obtained,  and  on  oxidation  yields 
nitroveratric  acid  (2).  Finally,  by  the  reduction 
of  catechin  tetramethylether  with  sodium  and 
alcohol,  an  oil  is  produced  which,  on  treatment 
with  methyl  sulphate,  gives  pentamethoxyethyldi- 
phenyhnethane 

CHgOj^  OCH3|^NoCH3 
CH30l^^CH2-^yC2Hg 

OCH3 

a reaction  which  points  clearly  to  the  presence 
of  the  cumaran  ring  in  catechin. 

Ryan  and  Walsh  (Proc.  Roy.  Dub.  Soc. 
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1916,  15,  113)  have  attempted  to  decide  between 
the  chroman  structure  of  Perkin  and  Yoshitake 
and  the  coumaran  formula  of  v.  Kostanecki 
and  Lampe.  To  this  end  they  have  synthesised 
2 : 4 : 6 : 3' : 4'-penta-methoxy-3-ethyl-diphenyl- 
methane,  in  order  to  ascertain  whether  this  was 
identical  with  the  deoxy-hydro-catechin-penta- 
methyl-ether  obtained  from  catechin,  as  de- 
scribed above  by  v.  Kostanecki  and  Lampe. 

The  synthesis  is  made  clear  by  the  following 
scheme  : — 


'1' 

MeO/\  MeOf^'^OMe 

•Et 


MeO'  C 
H 


rk. 


/ 

OMe 


They  were,  however,  unable  to  obtain  the 
resulting  product  in  a crystalline  condition — 
the  addition  of  a crystal  of  the  product  obtained 
from  catechin  (deoxy-hydro-catechin-penta- 
methyl- ether)  failed  to  cause  it  to  crystallise 
— hence  they  were  not  able  to  obtain  a definite 
settlement  of  this  point. 

Catechin  is  oxidised  in  aqueous  solution  by 
potassium  ferricyanide  in  the  presence  of  potas- 
sium acetate  with  formation  of  an  orange- 
coloured  amorphous  compound  (Perkin),  which 
dyes  mordanted  calico  orange-brown  shades 
which  are  fairly  fast  to  soap.  It  is  probable  that 
this  dyestuff  is  related  to  the  catechone  of  v. 
Kostanecki  and  Tambor,  and  which  was  obtained 
by  these  authors  in  the  form  of  its  bri-  and 
tetramethyl  ethers. 

When  catechin  is  treated  with  carbon  tetra- 
chloride and  aqueous  potassium  hydroxide,  it 
yields  catechin  carboxylic  acid,  colourless  needles, 
m.p.  274°-277°  (decomp.) 

COOH-CeH2(OH)2-CH(OH)— 

OH 


The  annexed  constitution  has  been  assigned 
to  it  on  account  of  the  fact  that  its  yenta- 
methyl-ether  methyl-ester  C22H260g,  m.p.  92°, 
when  oxidised  with  alkaline  permanganate, 
yields  hemipinic  acid. 

Catechin  carboxylic  acid  has  been  resolved, 
and  the  d-acid  has  [a]^^= -l-76'4°,  and  m.p, 
273°  (decomp.),  whilst  the  Z-acid  gave  values 
[a]^^=  —68'22°,  and  m.p.  270°-273°  (decomp.) 

(Nierenstein,  Annalen,  1913,  396,  194). 

Catechutannic  acid.  In  addition  to  catechin, 


gambier  catechu  contains  a small  amount  of 
catechutannic  acid,  and  this  substance  is  present 
in  considerable  quantity  in  the  browner  varieties 
of  cutch.  To  isolate  it,  the  following  method 
has  been  employed  : — 

A hot  aqueous  extract  of  catechu  is  allowed 
to  stand  until  no  more  catechin  is  deposited,  and 
the  clear  liquid  is  evaporated  to  dryness.  The 
residue  is  dissolved  in  alcohol,  the  solution 
treated  with  ether  to  precipitate  impurities  and 
then  evaporated  to  dryness. 

Catechutannic  acid  consists  of  an  amorphous 
reddish-brown  powder,  readily  soluble  in  water 
and  alcohol,  insoluble  in  etlier.  According  to 
Lowe  (Fr.  13,  121),  it  possesses  the  formula 
CaiHjgOg,  and  gives  a lead  salt  3Pb0,2C2iHig08, 
but  this  most  probably  requires  revision. 

According  to  Etti  (Annalen,  186,  332),  cate- 
chutannic acid  is  an  anhydride  of  catechin,  and 
is  derived  from  this  substance  by  elimination  of 
water.  It  is  said  to  be  produced  when  an 
aqueous  solution  of  catechin  is  heated  to  110° 
(Lowe,  ibid.  12,  285),  or  by  boiling  catechin 
with  solutions  of  the  alkali  carbonates.  Again, 
catechin  is  decomposed  at  its  melting-point 
with  evolution  of  water  and  formation  of  a pro- 
duct resembling  catechutannic  acid,  and  aqueous 
solutions  of  catechin  on  long  standing  become 
brown- coloured  with  apparent  formation  of  this 
compound.  That  the  products  obtained  by  these 
methods  resemble  catechutannic  acid  is  certain, 
but  the  subject  has  not  been  fully  investigated. 

Catechutannic  acid  solution  gives  a precipi- 
tate with  lead  acetate,  and  also  resembles 
catechin  in  giving  a green  colouration  with  ferric 
chloride,  and  the  phloroglucinol  reaction  with 
pinewood  and  hydrochloric  acid.  It  is  a power- 
ful tanning  agent,  and  appears  to  differ  but 
little  from  the  so-called  ‘ catechol  ’ tannins. 

Three  other  catechin  anhydrides  have  been 
described,  viz.  the5ecoru/anhydrideC42H340i5(?), 
(Etti),  which  is  produced  by  heating  catechu- 
tannin  to  162°  ; the  third  anhydride  C2iH4e07(?), 
formed  by  digesting  catechin  with  boiling  dilute 
sulphuric  acid  for  several  hours  ; and  the  fo  urth 
anhydride,  which  is  obtained  by  heating  catechin 
with  hydrochloric  acid  at  160°-180°.  These  com- 
pounds consist  of  reddish-brown  powders,  and 
the  fourth  substance  is  insoluble,  both  in  alkaline 
solutions  and  all  solvents.  A product  similar  in 
properties  to  Etti’s  fourth  anhydride  is  readily 
formed  by  adding  sulphuric  acid  to  a hot  acetic 
acid  solution  of  catechin  (Perkin).  A bright 
orange  powder  almost  immediately  separates, 
and  this,  on  analysis,  gave  C — 63'26  p.c.  ; H = 
3 ‘89  p.c.  It  is  interesting  to  note  that  the  for- 
mation of  these  red  anhydrides,  or  phlobaphenes 
is  characteristic  of  all  the  catechol  (phlobo) 
tannins. 

According  to  Perkin  and  Yoshitake,  gambier 
catechu  contains  a small  quantity  of  a second 
catechin,  which  crystallises  in  small  prisms, 
devoid  of  water  of  crvstallisation,  and  melts  at 
235°-237°.  Its  general  reactions  are  identical 
with  those  of  ordinary  catechin,  and  by  fusion 
vith  alkali  it  also  gives  phloroglucinol  and 
protocatechuic  acid.  The  azobenzene  compound 
Ci5H420g(C6H5N2)2j  orangc-rcd  needles,  melts 
at  215°-217°. 

Finally,  there  are  present  in  catechu,  certain 
brown  substances  known  as  rubinic  and  japonic 
acids,  which,  according  to  some  writers,  appear 
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to  have  been  formed  by  the  oxidation  of  the 
catechin.  Their  chemical  nature  is,  however, 
unknown. 

Catechin,  though  largely  employed  for  tan- 
ning purposes,  does  not  precipitate  a gelatine 
solution,  and  is  not  itself  a tannin  matter.  On 
the  other  hand,  it  is  absorbed  by  the  hide,  and 
there  gradually  passes  into  catechutannic  acid. 

DyeiTig  Properties. — On  cotton,  catechu  is 
largely  used  for  the  production  of  the  well- 
known  ‘ catechu  brown,’  which  is  exceedingly 
fast  to  light,  acid  and  alkaline  solutions,  and 
also  to  bleaching  powder.  To  obtain  this, 
cotton  is  steeped  in  a hot  solution  of  catechu 
(1-2  p.c.)  to  which  has  been  added  about  6 p.c. 
of  copper  sulphate,  reckoned  on  the  weight  of 
the  catechu  employed.  The  material  is  allowed 
to  remain  in  the  bath  as  it  cools,  and  without 
washing  is  then  treated  in  a warm  or  boiling 
second  bath  containing  1 or  2 grams  of  bichro- 
mate of  potash  per  litre.  According  to  Hummel 
and  Brown  (J.  Soc.  Chem.  Ind.  1896,  15,  422), 
in  this  operation  the  copper  sulphate  probably 
converts  the  catechin  into  catechutannic  acid, 
and  this  is  subsequently  oxidised  to  japonic  acid 
by  the  action  of  the  bichromate.  The  colour  is 
apparently  intensified  by  the  formation  of  a basic 
copper  chromate.  Gambier  catechu  is  also  em- 
ployed in  dyeing  compound  shades  with  log- 
wood, fustic,  and  alizarin  in  conjunction  with 
bichrome,  and  with  bismarck  brown,  magenta, 
&c.  In  the  latter  case  catechu- tannin  forms 
the  mordant  for  the  basic  colour. 

Wool  may  be  dyed  with  catechu  in  a similar 
manner  to  cotton.  In  silk-dyeing,  catechu  is 
largely  used  for  weighting  purposes.  The  silk  is 
steeped  in  basic  ferrous  sulphate  solution,  then 
in  potassium  ferrocyanide  and  hydrochloric  acid, 
which  causes  the  production  of  Prussian  blue  on 
the  fibre.  It  is  then  worked  in  a strong  solution 
of  gambier  to  which  stannous  chloride  solution 
has  been  added. 

Bengal  or  Acacia  catechu. — Bengal  catechu 
is  derived  from  the  Acacia  catechu,  a tree  15  to 
20  feet  high,  which  is  common  in  most  parts  of 
India  and  Burma.  To  isolate  the  catechu  which 
is  present  in  the  red  heartwood,  the  tree  is  cut 
down  while  it  is  fullest  of  sap,  and  the  internal 
portion  is  sawn  into  small  sticks  and  extracted 
with  boiling  water.  The  hquid  thus  obtained 
is  concentrated  over  a fire,  and  then  allowed  to 
evaporate  spontaneously  in  shallow  dishes.  The 
extract  thus  obtained  comes  into  the  market  as 
Pegu  catechu.  Brown  cutch,  and  Brown  catechu 
(Crookes,  Dyeing  and  Calico  Printing). 

A purer  substance,  hath,  or  the  pale  catechu 
of  India,  is  prepared  by  suspending  twigs  in  the 
hot  concentrated  extract  and  collecting  the 
crystals  which  thus  separate. 

Acacatechin  Ci5Hi40g,3H20  can  be  ob- 
tained from  the  acacia  kath  by  methods  identical 
with  those  which  are  employed  for  the  isolation 
of  catechin  from  gambier  catechu.  It  melts  at 
204°-205°,  is  somewhat  more  sparingly  soluble 
in  water  than  catechin,  and  when  fused  with 
alkali  gives  phloroglucinol  and  protocatechuic 
acid.  The  reactions  of  acacatechin  and  cate- 
chin, m so  far  as  they  have  been  observed,  are 
identical,  and  there  is  no  difference  in  the  com- 
position of  their  derivatives  when  prepared 
under  similar  conditions.  On  the  other  hand, 
the  melting-points  of  the  substances  themselves, 


and  also  of  their  derivatives,  differ  widely,  as  is 
evident  from  the  following  table  (Perkin  and 
Yoshitake)  ; — 

Acacatechin  Catechin 

Pentaacetyl  derivative  158°-160°  124°-125° 

Pentabenzoyl  ,,  181°-183°  151°-153° 

Azobenzene  ,,  198°-200°  193°-195° 

Tetramethyl  ,,  I52°— 154°  144°-146° 

Acetyl  „ 135°-137°  92°-93° 

It  appears  certain,  therefore,  that  catechin  and 
acacatechin  are  isomerides,  and  it  is  possible 
that  the  latter  may,  on  the  basis  of  v.  Kostanecki 
and  Lampe’s  formula  for  catechin,  be  repre- 
sented thus  (Perkin,  private  communication)  : 


OH/  CH(OH)  — 
OH 

OH^  / 


-0\ 

-CH^ 


>CH. 


OH 


a point  which  should  not  be  difficult  to  determine. 

Bombay  or  Areca  catechu.  This  variety  is 
obtained  from  the  fruit  of  the  Areca  catechu,  or 
betel-nut  palm,  a tree  which  is  common  in 
tropical  Asia.  Though  its  chief  constituent 
resembles  catechutannic  acid,  catechin  itself 
has  not  been  isolated  from  this  product.  It 
possesses  a bright-chocolate  and  sometimes  an 
orange-brown  colour,  and  yields,  on  dyeing,  very 
similar  results  to  the  ordinary  cutches. 

Mangrove  cutch.  Mangrove  cutch  is  ob- 
tained from  the  bark  of  the  mangrove  Geriops 
candolleana,  and  is  of  somewhat  recent  employ- 
ment. In  its  preparation  it  is  preferable  to 
extract  the  fresh  bark,  which  is  of  a light  colour 
internally,  rather  than  the  stored  product  which 
has  become  red,  or  is  said  to  have  ‘ sweated.’ 
The  extract,  on  evaporation,  becomes  deep-red  in 
colour,  and  the  object  of  the  manufacturer  is  to 
prevent  this  anhydride  formation  from  going  too 
far,  otherwise  a certain  portion  of  the  extract  is 
rendered  insoluble  in  water. 

By  fusion  with  alkali,  it  giv^es  protocatechuic 
acid,  ljut  at  present  no  catechin  has  been  isolated 
from  it  (Perkin,  private  communication).  When 
dissolved  in  sodium  bicarbonate  solution,  acetic 
ester  extracts  an  almost  colourless  tannin,  which 
possesses  the  properties  of  a catechol  tannin. 

Eor  many  purposes,  mangrove  cutch  is  com- 
peting closely  with  the  other  varieties  of  catechu, 
and  this  competition  will  no  doubt  become 
keener  if  its  quality  can  be  further  improved. 

Mahogany.  According  to  Caseneuve  (Ber.  8, 
828),  mahogany  wood  contains  a catechin. 

Kino  or  Gum  kino  {see  under  Kings). 

A.  G.  P. 

CATELLAGIC  ACID  Schiff  (Ber. 

12,  2590),  on  heating  protocatechuic  acid  with 
arsenic  acid,  obtained  a substance  which  he 
named  catellagic  acid,  and  to  this  he  assigned 
the  formula  or  C14H8O7.  Perkin  and 

Nierenstein  (Chem.  Soc.  Trans.  87,  1417)  obtained 
apparently  the  same  substance  by  the  oxida- 
tion of  protocatechuic  acid,  and  also  parahy- 
droxybenzoic  acid  with  potassium  persulphate 
and  sulphuric  acid.  According  to  the  latter 
authors,  catellagic  acid  crystallises  from  pyridine 
in  colourless  needles,  which  melt  above  360°, 
and  sublime  with  but  moderate  carbonisation  at 
higher  temperatures.  Solutions  of  the  alkali 
hydroxides  dissolve  it  with  a pale-yellow  colour. 
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and  with  nitric  acid  it  gives  a magenta-coloured 
liquid.  Diacetylcatellagic  acid,  colourless  pris- 
matic needles,  melts  at  322°-324°. 

Catellagic  acid,  by  distillation  with  zinc- dust, 
gives  fluorene,  and  is  closely  related  to  ellagic 
acid.  Its  constitution  (P.  and  N.)  may  be 
expressed  as  follows  : — 


From  the  oxidation  products  of  parahydroxy- 
benzoic  acid,  Perkin  and  Nierenstein  isolated, 
in  addition  to  catellagic  acid,  a second 
compound,  Cj^HgOg,  colourless  needles,  m.p. 
above  360°.  This,  which  gives  the  diacetyl 
derivative  Ci4H806(C2H30)2,  colourless  needles, 
m.p.  267°— 268°,  and  by  distillation  with  zinc- 
dust  fluorene,  possesses  the  formula  : 


and  evidently  originates  from  the  interaction  of 
one  molecule  of  protocatechuic  acid  and  one  of 
parahydroxybenzoic  acid.  A.  G.  P. 

CATHARTIC  ACID  v.  Senna  leaves. 

CATHARTIN  v.  Senna  leaves. 

CATHARTOGENIC  ACID  v.  Senna  leaves. 

CATHARTOMANNITE  v.  Senna  LEAVES. 

CAULIFLOWER.  A variety  of  Brassica  olera- 
cea,  in  which  numerous  imperfect  flowers  form  a 
compact  head,  which  forms  the  main  edible 
portion. 

An  American  analysis  shows  the  edible 

portion  to  contain  : r,  , , 

^ Soluble 

Water  Protein  Fat  carbohydrates  Ash 
90-8  1-6  0-8  6-0  0”8 

H I. 


CAULOPHYLLINE  Cytisine. 

CAY  CAY  FAT  or  COCHIN  CHINA  WAX 

V.  Waxes. 

CAYENNE  PEPPER  Resins. 

CEANOTHUS  WAX  v.  Snowbeush  Wax  ; 
art.  Waxes. 

CEDAR  CAMPHOR  v.  Camphors. 

CEDAR  OIL  V.  Oils,  Essential. 

CEDRA.  {Cedrat,¥T,)  The  fruit  of  a species 
of  orange,  citron,  or  lemon.  The  peel  is  very 
thick,  covered  with  an  epidermis  containing  a 
fragrant  essential  oil,  used  for  flavouring  pre- 
serves, also  used  whole  for  wet  comfits,  and  cut 
in  quarters  for  dry  comfits.  A liqueur  is  made 
from  it  by  gathering  the  fruit  before  it  is  ripe, 
and  grating  the  peel  into  brandy. 

CEDRELA  TOONA.  The  Cedrela  toona,  the 
Toon  or  Indian  mahogany  tree,  is  a large  tree 
50-60  feet,  although  occasionally  reachihg  100 
feet  in  height,  the  wood  of  which  closely  re- 
sembles mahogany  and  is  imported  into  England 
under  the  name  of  ‘ Moulmein  Cedar,’  and  much 
used  for  making  furniture.  It  occurs  in  the 
tropical  Himalaya  from  the  Indus  eastward, 
throughout  the  hilly  districts  of  Central  and 
Southern  India  to  Burma,  and  is  also  found  in 
Java  and  Australia.  The  flowers  constitute  one 
of  the  less  important  Indian  natural  dyestuffs, 
and  are  reputed  to  yield  both  a red  and  a yellow 
dye  (known  in  Bengal  as  ‘ Gunari,’  which  is 


applied  without  mordants).  Although  em- 
ployed for  dyeing  purposes  alone,  the  flowers  are 
also  used  in  Burma  in  conjunction  with  safflower 
and  together  with  turmeric  to  produce  the  sul- 
phur-yellow colour  or  ‘ basanti  ’ of  Cawnpore. 

To  isolate  the  colouring  matters,  Perkin 
(Chem.  Soc.  Trans.  1912,  101,  1539)  digested  an 
aqueous  extract  of  the  flowers  with  a little 
hydrochloric  acid  at  70°-80°,  which  caused  the 
separation  of  a reddish-brown  precipitate.  This 
collected  and  dried  was  exhausted  with  boiling 
alcohol,  and  the  solution  on  evaporation  de- 
posited a small  amount  of  a red  micro  crystalline 
powder.  By  re- crystallisation  from  pyridine 
and  removal  of  an  insoluble  amorphous  impurity, 
this  separated  in  large  orange-coloured  leaflets 
which  contained  pyridine,  and  became  red  and 
opaque  when  washed  with  benzene  or  alcohol, 
the  pyridine  being  thus  eliminated. 

It  melted  at  285°-287°,  and  with  cold  con- 
centrated sulphuric  acid  gave  a deep  indigo  blue 
liquid,  resembling  in  this  property  bixin,  the 
colouring  matter  of  annatto,  Bixa  orellana  (lx.). 
This  compound  proved  to  be  identical  with  the 
red  colouring  matter  nycantJiin  isolated  by  Hill 
{ibid.  1907,  91,  1501)  from  the  flowers  of  the 
Nycanthes  arbor -tristis,  to  which  the  erroneous 
m.p.  234°-235°  has  been  assigned.  The  amount 
which  is  present  in  the  Toon  flowers  is  very  small 
and  does  not  seem  to  average  more  than  OJ  p.c. 
Though  there  appears  to  be  httle  doubt  that 
nycanthin  and  bixin  are  closely  related,  the 
connection  between  the  two  compounds  cannot 
be  predicted  with  any  reasonable  certainty  until 
chemists  are  in  agreement  as  to  the  correct 
formula  of  bixin.  The  analyses  of  Hill  and 
of  Perkin  indicate  that  nycanthin  contains 
approximately  C=72‘68,  H=7‘75,  and  the 
simplest  formula  to  which  this  corresponds  is 
CigHigOg.  Among  the  numerous  expressions 
proposed  for  bixin  is,  however,  that  of  van 
Hasselt  (c/.  Annatto),  C29H34O5,  and  should  this 
eventually  prove  to  be  correct,  then  nycanthin 
is  possibly  an  oxy-  or  hydroxy-bixin,  G29H  340e 
(0=72-8;  H = 7T). 

Addition  of  zinc-dust  to  the  hot  orange- 
yellow  coloured  alkaline  solution  of  nycanthin 
causes  decolorisation.  From  this  by  acidifica- 
tion a colourless  or  faintly  yellow  precipitate 
separates,  and  this,  as  is  well  known,  is  a property 
also  possessed  by  bixin. 

Cotton  on  immersion  in  a boiling  dilute 
solution  of  nycanthin  in  sodium  carbonate,  and 
subsequently  rinsing  with  acidified  water,  is 
dyed  an  orange  shade  indistinguishable  from  that 
given  in  these  circumstances  by  annatto,  a fact 
which  again  points  to  a relationship  between  the 
two  colouring  matters. 

The  flowers  of  the  Cedrela  toona  contain  in 
addition  to  nycanthin  a fair  amount  of  quercetin 
probably  as  glucoside,  and  also  a second  flavone 
or  flavonol  dysetuff,  the  identity  of  which  was 
not  ascertained.  A sugar,  C12II22O11J  is  also 
present,  and  this  after  purification  melted  at 
165°-168°. 

Cotton  and  woollen  fabrics  can  be  dyed  a dull 
yellow  colour  by  mere  immersion  in  a boiling 
extract  of  Toon  flowers.  This,  however,  is  not 
permanent,  and  is  removed,  although  much  more 
quickly  from  cotton  than  wool,  by  the  action 
i of  soap  or  dilute  alkali.  Better  results  are 
i obtained  by  the  employment  of  mordants,  and 
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the  following  shades  were  obtamed  with  mor- 
danted woollen  cloth  : — 

Chromium  Aluminium  Tin  Iron 

Dull  brownish-  Full  golden-  Bright  Dull 

yellow.  yellow,  yellow,  olive -brown. 

During  these  operations,  nycanthin  or  its 
glucoside  apparently  plays  no  part,  and  the 
colours  obtained  are  due  to  the  flavone  gluco- 
sides  present.  Not  only  the  flowers  but  the  seeds 
of  the  Cedrela  toona  are  stated  to  give  a red  dye 

A.  G.  p: 

CEDRIRET.  A substance  found  in  wood- 
tar  by  Reichenbach  and  recognised  by  Lieber- 
mann  as  a quinone-like  substance  and  termed  by 
him  ccerulignone.  Hofmann  showed  that  it  was 
tetramethoxydiphenyl  quinone,  formed  by  the 
oxidation  of  pyrogallol  dimethyl  ether  {v.  CcERtr- 
LiGNONE  and  Quinones). 

CELERY.  Apium  graveoleus.  The  blanched 
stems  are  used  for  food. 

The  composition,  as  given  by  American 

analyses,  is  : 

Water  Protein  Fat  Carbohydrates  Ash 

94*4  1-4  0-1  3-0  IT 

A more  detailed  analysis  is  given  by  Church 
(Foods,  1889)  : 

Starch  and 

Water  Protein  mucilage  Sugar  Cellulose  Ash 

93-3  1*4  1-6  2-0  0-9  0*8 

Mannitol  is  one  of  the  chief  carbohydrate 
constituents.  Asparagine  (about  0-5  p.c.)  and 
tyrosine,  are  among  the  nitrogenous  con- 
stituents (Bamberger  and  Landsiedl,  Monatsh. 
1904,  25,  1030). 

The  characteristic  odour  and  flavour  of 

celery  are  due  to  an  essential  oil,  which,  accord- 
ing to  Ciamician  and  Silber  (Ber.  29,  1799  ; 1897, 
30,  492,  1419),  consists  of  a terpene,  probably 
Cj-H24,  and  two  acid  bodies,  sedanonic  acid 
C02H-C6H^’C0'C4H9  and  sedanolic  acid 

C02H-C6H8-CH(0H)-C4H9 
the  anhydride  C6H8<^^|^" 

former  and  the  lactone  C6H8<^qq 

of  the  latter  appear  to  be  the  constituents  ujion 
which  the  smell  of  the  celery  depend.  Palmitic 
acid  and  a phenolic  substance  are  also  present. 

H.  I. 

CELERY  OIL  v.  Oils,  Essential. 
CELESTINE  BLUE  v.  Oxazine  dyestuffs. 

CELESTITE  or  Celestine.  Native  stron- 
tium sulphate  (SrS04),  forming  orthorhombic 
crystals  isomorphous  with  barytes  (BaS04). 
The  crystals  are  colourless  or  yellowish,  but 
sometimes  they  show  a pale  tinge  of  sky-blue, 
and  on  this  account  the  mineral  receives  its 
name.  The  mineral  is  often  very  like  barytes 
in  appearance,  and  it  is  also  heavy  (sp.gr.  3 '9  ; 
of  barytes,  4*5)  ; it  is  most  readily  distinguished 
by  the  colour  the  powdered  mineral  moistened 
with  hydrochloric  acid  imparts  to  the  Bunsen 
flame.  Numerous  finely  crystallised  specimens 
have  been  found  in  the  red  marls  of  Triassic  age 
in  the  neighbourhood  of  Bristol,  and  in  the 
sulphur-mines  near  Girgenti  in  Sicily.  Deposits 
of  celestitc  occur  in  beds  of  Cretaceous  age  over 
a very  wide  area  in  Russian  Turkestan  ; and 
the  mineral  is  found  also  in  Baluchistan.  The 


largest  crystals,  measuring  a foot  across,  are 
from  a cave  in  limestone  on  Strontian  Island, 
Lake  Erie,  Ohio.  Workable  deposits  are  mined 
in  Arizona  and  California.  The  mineral  is  dug 
in  numerous  shallow  pits  in  Gloucestershire  and 
Somersetshire,  the  production  amounting  to 
about  20,000  tons  per  annum,  valued  at  about 
H.  per  ton.  Most  of  this  was  exported  to 
Germanv,  where  in  the  form  of  strontium 
hydroxide,  it  was  used  in  the  refining  of  beet- 
sugar.  It  is  also  converted  into  strontium 
nitrate  for  making  red  fire  in  pyrotechny.  For 
details  respecting  the  British  occurrences,  see 
Special  Reports  on  the  Mineral  Resources  of 
Great  Britain,  vol.  hi.  (Mem.  Geol.  Survey), 
1915,  2nd  ed.  1918.  L.  J.  S. 

CELLOIDIN.  Trade  name  for  a purified 
form  of  pyroxylin. 

CELLOSE  (CELLOBIOSE)  v.  Carbohy- 
drates. 

CELLOTROPIN.  Trade  name  for  benzoic 
ester  of  arbuttn. 

CELLULASE  v.  Enzymes. 

CELLULOID  {Pyroxylin  Plastic)  is  a colloid 
composed  of  soluble  nitrocellulose,  approaching 
Ci2Hi6(N02)40io  hi  composition,  together  with 
camphor.  It  is  obtained  by  gelatinising  nitro- 
cellulose by  means  of  a solution  of  camphor  in 
ethyl  alcohol  or  a similar  menstruum.  The 
word  ‘ celluloid  ’ is  a registered  trade-mark  in 
the  United  States.  The  substance  was  first 
produced  by  Alexander  Parkes,  of  Birmingham, 
in  England,  under  the  name  of  ‘ Parkesine.’ 
Parkes  was  succeeded  by  Daniel  Spill,  of 
Hackney,  London,  who  adopted  the  name  of 
‘ Xylonite,’  under  which  name  it  is  still  well 
known  in  Great  Britain.  Other  trade  names  are 
Fiberoid,  Py-ra-lin,  Viscoloid,  &c.  Great  im- 
provements in  the  manufacture,  especially  in 
mechanical  features,  were  made  by  John  W. 
Hyatt,  of  Newark,  N.J.,  U.S.A.,  and  the  material 
first  became  a commercial  success  in  the  United 
States. 

The  nitrocellulose  employed  is  preferably 
made  from  tissue  paper  by  subjecting  it  for 
20  minutes  or  longer  to  the  action  of  a bath  of 
mixed  sulphuric  and  nitric  acids  containing 
19-20  p.c.  of  water,  at  a temperature  of  30®  or 
more.  The  resulting  nitrocellulose  is  thoroughly 
washed  with  water  to  free  it  from  acids,  and 
bleached.  The  surplus  water  is  then  removed. 

The  nitrocellulose  is  then  mixed  with  alcohol, 
camphor,  and  if  necessary,  pigments  and  fillers, 
and  thoroughly  incorporated  in  a kneading 
machine.  Transparent  material  receives  a small 
percentage  of  urea  as  a stabilizer.  The  dough- 
like  mass  is  worked  and  formed  into  sheets 
between  slightly  heated  rolls.  These  sheets 
are  consolidated  in  hydraulic  presses  heated  to 
about  75®C.  into  a solid  cake,  from  which  after 
cooling  sheets  of  the  desired  thickness  are  cut ; 
or  the  mass  taken  from  the  rolls  is  placed  in  a 
heated  cylindrical  hydraulic  press,  provided 
with  suitable  nozzles  and  dies,  from  which  it 
emerges  in  the  shape  of  tubes,  rods,  or  the  like, 
of  any  desired  cross-section.  Rods  may  also  be 
made  out  of  the  solid  cake  previously  mentioned, 
by  forcing  a cutting  tool  through  it.  All  this 
material  has  to  be  freed  from  its  excess  of  solvent, 
and  is  seasoned  in  rooms,  heated  to  30°,  where  it 
is  kept  for  a period  of  days,  weeks,  or  months, 
according  to  thickness.  The  camphor  solvent 
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usually  employed  is  denatured  alcohol,  owing  to 
the  fiscal  policy  of  the  countries  concerned,  but 
wood  alcohol,  pure  grain  alcohol,  and  a mixture 
of  one  or  both  of  them  with  fusel  oil,  or  its  various 
constituents,  have  also  been  widely  used.  Owing 
to  the  great  fiuctuations  in  the  price  of  camphor 
in  recent  years,  the  attempts  to  make  this  sub- 
stance synthetically,  and  to  find  a substitute  for 
it,  have  been  pursued  with  vigour.  Synthetic 
camphor  in  commercial  quantities  is  an  ac- 
complished fact,  and  is  the  equivalent  of  the 
natural  product.  The  search  for  substitutes  was 
begun  in  the  early  eighties  ; the  most  suitable 
found  so  far  being  acid  derivatives  of  aromatic 
amines. 

Celluloid  is  coloured  by  means  of  mineral 
colours,  lakes,  and  coal-tar  dyes,  to  reproduce  the 
appearance  of  some  more  expensive  substances, 
such  as  ivory,  tortoise-shell,  leather,  coral, 
amber,  &c.,  or  to  replace  glass  in  the  manufac- 
ture of  articles  in  which  brittleness  is  a serious 
disadvantage,  A special  variety  of  celluloid 
is  used  in  the  manufacture  of  cinematograph 
film.  This  contains  a higher  proportion  of 
nitrocellulose  than  ordinary  celluloid,  and  the 
nitrocellulose  is  more  highly  nitrated. 

Celluloid,  while  highly  inflammable,  is  non- 
explosive under  any  conditions  to  which  it  may 
be  subjected  in  the  work  of  cutting,  turning,  or 
moulding,  or  indeed  under  any  normal  con- 
ditions. Its  specific  gravity  varies  with  its 
composition.  It  is  about  1’35  for  the  unpig- 
mented  material. 

Celluloid  is  plastic  at  a temperature  of  75°, 
and  in  practice  it  is  usually  softened  in  boiling 
water  or  on  a steam  table  preparatory  to  mould- 
ing. This  property  of  turning  plastic  at  com- 
paratively low  temperatures,  and  its  hardness 
and  elasticity  at  ordinary  temperatures,  as  well 
as  its  resistance  to  the  action  of  water,  dilute 
acids  and  many  other  agents,  constitute  its 
great  technical  value.  It  is  used  extensively  in 
the  manufacture  of  combs,  and  other  toilet 
articles,  knife  handles,  piano  keys,  collars,  toys, 
and  for  a great  variety  of  other  purposes. 

A relatively  less  important  branch  of  the 
celluloid  industry  is  concerned  with  the  manu- 
facture of  artificial  leather  by  spreading  a 
solution  of  celluloid  on  fabric.  Celluloid  solu- 
tions are  also  used  in  the  manufacture  of  patent 
leather,  and  for  metal  lacquers,  wood  enamels, 
incandescent  mantle  dips,  and  a variety  of  other 
purposes  where  a quick  drying  water-proof 
transparent  or  pigmented  coating  is  required, 
which  may  be  either  hard  or  flexible. 

For  a method  of  analysing  celluloid,  see 
Herve,  Caoutchouc  et  Gutta  Percha,  1918,  15, 
9601  ; J.  Soc.  Chem.  Ind.  1918,  686  A. 

J.  N.  G. 

CELLULOSE,  considered  physiologically,  is 
the  main  product  of  vegetable  life.  It  is  the 
preponderating  constituent  of  all  vegetable 
tissues,  and  essential  to  the  cell  as  the  structural 
unit.  For  while  the  synthesising  activity  of  the 
cell  is  identified  with  its  jjrotoplasmic  contents, 
its  main  function  is  the  building  up  of  non- 
nitrogenous  substances,  of  which  cellulose  is 
the  chief  ; elaboration  of  cellulose,  in  fact,  is 
synonymous  with  growth.  As  an  organic 
product  it  is  known  to  us  in  the  specialised  and 
diversified  forms  of  plant  structures,  which  are 
employed  in  industries  either  in  their  original 


form  or  after  treatment  for  separation  of  their 
fibrous  components. 

Cellulose  is  the  basis  of  our  staple  textile  and 
paper-making  industries,  and,  when  modified  by 
various  chemical  treatments,  of  modern  high 
explosives,  ‘ celluloid  ’ products  and  ‘ artificial 
silk.  ’ 

Cellulose,  as  a component  of  vegetable  food- 
stuffs, and  in  connection  with  agriculture,  is 
economically  important,  and  is  a dominant 
factor  of  the  cycle  of  processes,  organically 
interdependent,  of  the  vegetable  and  animal 
worlds. 

By  cellulose,  as  a chemical  individual,  we 
understand  usually  the  residue  from  the  exhaus- 
tive alternate  treatment  of  vegetable  tissues 
with  alkaline  solvents  and  weak  oxidants. 
Generally,  no  cellulose  is  isolated  on  the  large 
Scale  except  as  the  result  of  a chemical  treatment, 
more  or  less  drastic,  of  fibrous  raw  materials  ; 
and  all  that  we  know  of  cellulose  as  a chemical 
individual  results  from  the  study  of  products  so 
obtained.  The  typical  cellulose  is  the  substance 
of  bleached  cotton,  the  bleaching  process  such 
as  above  described  removing  the  substances 
other  than  cellulose  with  which  it  is  associated 
in  the  plant.  So  obtained,  it  is  a white  sub- 
stance, translucent  when  viewed  under  the 
microscope,  but  more  or  less  opaque  in  the  mass. 
This  appearance  is  a consequence  of  the  peculiar 
form  of  the  cotton  fibre,  a flat  thin-walled  tube, 
the  fibrillae  of  which  are  membranously  disposed. 

The  following  brief  outline  of  the  special 
chemistry  of  cellulose  necessarily  precedes  an 
account  of  its  industrial  applications,  so  far  as 
they  involve  chemical  principles  or  processes  of 
treatment. 

Cellulose. — Generally,  the  non-nitrogenous 
skeleton  of  plant  structures.  Type  : the  fibre 
substance  of  cotton,  freed  from  associated 
‘ impurities  ’ by  processes  of  ( 1 ) alkaline  hydroly- 
sis and  oxidation  (bleaching)  ; (2)  digestion  with 
hydrofluoric  and  hydrochloric  acids,  to  remove 
mineral  impurity  or  ash  constituents. 

Composition. — Elementary  : C,  44‘4 ; H,  6’2  ; 
0,  49’4  ; whence  the  empirical  formula,  CgHi^Og. 

Constitution.- — By  solution  in  sulphuric  acid 
as  disulphuric  ester  w[CgH803(S04H)2]  and 
ultimate  hydrolysis,  the  colloidal  aggregate  is 
resolved  with  formation  of  dextrose  in  large 
proportion  (Flechsig.  Zeitsch.  physiol.  Chem.  7, 
523).  The  identity 

[?^•C6Hlo05]  + 7i•H20  = 7l.CgHl206 

which  has  been  assumed,  has  not  been  verified 
experimentally  ; a maximum  yield  of  90-100  p.c. 
dextrose  [theory,  lllTl],  but  only  indirectly 
estimated  and  accompanied  by  acid  products, 
leaves  the  problem  undetermined  (Ost  and 
Wilkening ; Chem.  Zeit.  34,  461).  See  also 
recent  critical  discussions  (Chem.  Soc.  Trans. 
1918,  M.  Cunningham  : Cross  and  Be  van). 
Cellulose  is  thus  variously  regarded  : 

1.  As  a polyhexose  anhydride  ; (a)  aldose, 
(A.  G.  Green,  Zeitsch.  Farb.  Chem.  3,  97),  (6) 
ketose  (Fenton  ; Cross  and  Bevan,  Chem.  Soc. 
Trans.  82,  361, 366). 

2.  As  a polycyclohexane  derivative ; this 
view  is  based  on  further  considerations  of  density 
and  molecular  volume  (Cross  and  Bevan,  Ber. 
1909,  42,  2198. 

3.  As  an  essentially  labile  aggregate,  that  is 
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of  variable  constitution  or  configuration,  vary- 
ing according  to  the  action  of  reagents  (Cross 
and  Bevan,  Chem.  Soc.  Trans.  85 ; Cellulose 
Researches,  ii.  1905). 

Cellulose  and  water. — Hydration.  Constitu- 
tional water  is  retained  by  cellulose  in  the  air- 
dr}^  condition.  Cotton  holds  6-8  p.c.,  varying 
with  temperature  and  moisture  of  atmosphere. 
Cotton  whicE  has  been  hydrated  by  treatment 
with  alkalis  (mercerisation)  or  solvents  {infra) 
or  by  prolonged  attrition  in  presence  of  water, 
shows  an  increased  capacity  for  .moisture  when 
air-dry,  and  retains  9-11  p.c.  Conversely,  the 
action  of  condensing  acids  (HCl,HBr)  produces 
modified  aggregates  (‘hydrocellulose’)  with  a 
lower  capacity  (3-5  p.c.).  Cellulose  separated 
from  its  solutions,  or  regenerated  from  its 
derivatives  by  the  action  of  reagents,  shows  a 
maximum  hydration  capacity  ; the  colloidal  or 
gelatinous  hydrates  having  the  composition  (in 
contact  with  water  at  ordinary  temperatures)  : 

Cellulose  . . . 20-10  p.c. 

Water  . . . 80-90  ,, 

Cellulose  and  solvents. — Insoluble  in  all 

neutral  solvent  liquids,  cellulose  is  dissolved  by  : 

1.  Concentrated  solutions  of  zinc  chloride 
(40-50  p.c.  ZnCla),  on  heating  at  80°-100°  ; when 
previously  hydrated,  at  lower  temperatures. 

2.  Solution  of  zinc  chloride  in  twice  its  weight 
of  HChAq.  (35  p.c.  HCl)  : this  reagent  rapidly 
attacks  and  resolves  the  aggregate.  Aqueous 
hydrochloric  acid  of  maximum  concentration 
(3>40  p.c.  HCl)  acts  similarly  (Wilstatter, 
Berl.  Ber.  46  (1912)  240)  but  with  fixation  of 
negative  groujDS  (Cl)  in  stable  union  with  the 
products  (M.  Cunningham,  Trans.  Chem.  Soc.  l.c,). 

3.  Solutions  of  cuprammonium  hydrate  con- 
taining : 

Cu,  as  CuO’^HgO.  . . 2'5-3‘5  p.c. 

NHg  (as  NH4OH)  . . 15  p.c. 

Ethylene -diamino -cupric  solutions  act  more 
powerfully  (W.  Traube,  Berl.  Ber.  44,  3319 
(1911)). 

From  solutions  1 and  3,  the  cellulose  may  be 
recovered  quantitatively,  but  as  a hydrate  and 
otherwise  modified  in  constitution. 

4.  Concentrated  solutions  of  certain  metallic 
sulphocyanides  at  high  temperatures,  120°-140°. 

Reactions. — The  above  reactions  resulting  in 
solution  of  the  cellulose  are  characteristic  ; 
otherwise  it  is  exceptionally  non-reactive.  By 
dilute  solutions  of  iodine,  in  presence  of  certain 
dehydrating  agents,  it  is  coloured  blue. 

Cellulose  compounds.  A.  Synthetical 
derivatives.  Esters. 

(a)  Nitrates.  By  direct  reaction  with  nitric 
acid,  usually  in  presence  of  sulphuric  acid,  in 
which  case  unstable  mixed  esters  are  formed  as 
a stage  in  the  reaction,  the  NO3  displacing  the 
SO4H  residues  (Cross,  Bevan  and  Jenks,  Berl. 
Ber.  34  (1902)  3496).  The  esters  are  formed 
without  sensible  structural  modifications.  They 
are  purified  from  residual  SO4H  by  prolonged 
boiling  with  water,  and  are  then  ‘ stable.’  A 
series  of  these  esters  is  known,  the  highest 
approximating  to  the  trinitrate  (Cg)  (gun-cotton) ; 
the  intermediate  terms — dinitrate — being  soluble 
in  ether-alcohol  (collodion  cotton),  the  lowest 
having  physical  properties  but  little  different 
from  the  original  cellulose. 

These  esters  are  variously  formulated  as 


nitrates  of  a reactive  unit  of  Cg— C,  3— C24 
dimensions. 

Solvents. — The  special  solvents  of  these  esters 
are  acetone,  ether-alcohol,  nitrobenzene. 

A diversified  range  of  solvents  is  enumerated 
in  a paper  by  H.  de  Mosenthal  (J.  Soc.  Chem. 
Ind.  1907). 

Saponification. — By  certain  alkaline  and 
reducing  agents  (alkaline  sulphydrates)  the  nitric 
groups  are  eliminated  and  cellulose  regenerated. 

(6)  Acetates.  By  reaction  with  acetic  anhy- 
dride under  various  conditions  : (1)  at  110°  : 
direct  formation  of  monoacetate  (Cg)  insoluble 
in  all  neutral  solvents  and  in  the  solvents  of 
cellulose.  (2)  At  140°-160°  : formation  of  higher 
acetates,  attended  by  solution  in  the  reaction 
mixture.  (3)  In  presence  of  catalytic  agents 
(ZnClg— H2SO4— H3PO4)  : at  intermediate  tem- 
peratures ; H2SO4  determines  reaction  at  25°-30°. 
The  extreme  products  are  mixtures  of  tri-  and 
higher  acetates.  (4)  When  the  reaction  mix- 
tures are  diluted  with  hydrocarbon,  the  fibrous 
cellulose  may  be  acetylated  without  solution  or 
visible  structural  change. 

Industrially  important  acetates  are  the 
acetone  soluble  esters  C4  2Hi505'0Acg  produced 
by  acetylation  with  mixtures  of  AC2O  and  H2SO4. 
These  are  the  basis  of  aeroplane  varnish-dopes. 

Solvents  of  the  higher  acetates,  are  chloro- 
form, acetone,  phenol. 

For  an  exhaustive  account  of  the  industrially 
important  types,  see  E.  C.  Worden,  J.  Soc. 
Chem,  Ind.  1919. 

Saponification. — The  acetyl  groups  may  be 
removed  by  boiling  with  alkaline  solutions,  the 
cellulose  being  regenerated.  In  quantitative 
determinations  the  saponification  may  be 
effected  by  boiling  with  normal  sodium  hydroxide 
diluted  with  an  equal  volume  of  alcohol. 

(c)  Formates. — Cellulose  and  formic  acid  inter- 
act at  60°-100°  ; in  presence  of  catalysts  the 
reaction  proceeds  to  complete  solution.  The 
limit  of  esterification  appears  to  be  the  diformate 
(Cg),  but  the  product  is  unstable,  decomposing 
spontaneously  with  liberation  of  formic  acid 
(1  mol.).  The  reactions  are  not  those  of  simple 
ester  (anhydride)  formation ; the  celluloses  in 
reaction  appear  to  undergo  constitutional  change 
(Cross  and  Bevan,  J.  Chem.  Soc.  Ind.  1911,  99, 
1450  ; Berl  and  Smith,  Berl.  Ber.  1907,  40,  906  ; 
Woodbridge,  J.  Amer.  Chem.  Soc.  1909,  31, 
1067  ; Hewing,  ihid.  \U\,  33,  1179). 

{d)  Acid -sulphuric  esters.  By  the  action  of 
sulphuric  acid  an  extended  series  of  esters  is 
formed,  which  have  been  described  as  cellulose 
sulj)huric  acids.  But  they  are  certainly  deriva- 
tives of  products  of  resolution.  The  first  stage 
results  in  the  formation  of  a disulphuric  ester 
CgH803(S04H)2,  but  its  relationship  to  the 
parent  complex  is  doubtful.  The  ester  is  soluble 
in  water  ; the  Ca,  Ba,  and  Pb  salts  are  insoluble 
in  alcohol.  By  progressive  hydrolysis  the 
cellulose  is  ultimately  resolved  in  the  direction 
of  dextrose  {see  M.  (Cunningham  and  Cross  and 
Bevan,  l.c.). 

(e)  A ceto- sulphates  and  mixed  ' esters,  con- 
taining the  SO4H  residues  associated  with 
acetyl  and  other  negative  groups  in  combina- 
tion, are  obtained  when  sulphuric  acid  is  allowed 
to  act  under  regulated  conditions  simultaneously 
1 with  other  esterifying  agents.  Thus  a mixture 
of  acetic  anhydride  (50  parts),  glacial  acetic  acid 
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(50  parts),  and  sulphuric  acid  (4-6  parts),  acts 
rapidly  at  .30°-40°.  The  first  product  appears 
to  be  a neutral  body  of  the  empirical  formula 

and  under  the  action  of  water  to  undergo  an 
internal  hydrolysis,  the  SO4  group  becoming 
SO4H,  which  forms  a stable  combination  with 
bases.  The  Mg,  Ca,  Zn  salts  are  insoluble  in 
water,  but  soluble  in  acetone. 

(/)  Benzoates  result  from  the  action  of  benzoyl 
chloride  in  presence  of  alkaline  hydroxides.  A 
monobenzoate  {Cf.)  is  obtained  by  treating 
cellulose  with  a solution  of  sodium  hydroxide 
of  10  p.c.  (NaOH)  strength,  and  shaking  with 
benzoyl  chloride.  This  benzoate  is  formed  with 
only  slight  structural  change.  The  dibenzoate 
(Cg)  is  obtained  by  the  interaction  of  benzoyl 
chloride  and  alkali  cellulose  (mercerised  cotton) 
in  presence  of  sodium  hydroxide  solution  (15  p.c. 
NaOH).  Its  formation  is  attended  by  structural 
change  ; the  fibrous  cellulose  is  disintegrated, 
the  dibenzoate  being  an  amorphous  substance. 
The  dibenzoate  is  soluble  in  acetic  acid  and 
chloroform. 

Mixed  esters,  containing  the  benzoyl  and 
nitric  residues,  result  from  the  action  of  nitric 
acid  upon  the  benzoates.  Simultaneously  a 
nitro-  group  enters  the  benzoyl  residue. 

AlJcali  cellulose.  The  fibrous  cellulose  under- 
goes considerable  structural  modification  under 
the  action  of  solutions  of  sodium  hydroxide  of 
12-15  p.c.  NaOH.  These  reactions  and  phe- 
nomena were  first  stuaied  by  Mercer.  They  are 
the  basis  of  the  process  of  mercerisation  (q.v.) 
under  which  cotton-yarn  and  cloth  assume  a 
special  lustre  and  silky  finish.  There  is  a 
definite  synthetical  reaction  in  the  ratio 
• 2NaOH,  which  is  a stage  in  the  for- 
mation of  the  dibenzoate  {supra). 

The  compound  is  completely  dissociated  by 
water  ; by  treatment  with  alcohol  an  equilibrium 
is  reached  when  the  reagents  are  associated  in 
the  ratio  C12H20O10  : NaOH. 

The  alkali-cellulose  hydrate,  of  composition  : 

Cellulose  . . 30 ) cellulose  : sodium  hydrate 

Sodium  hydrate  15  > CgHioOg  2NaOH 
Water  . .55) 

is  the  first  stage  in  the  synthesis  of 

Cellulose  xanthogenic  acid,  which  results  from 
the  interaction  of  the  alkali  cellulose  and  carbon 
disulphide  at  ordinary  temperatures.  The 
sodium  salt  is  soluble  in  water.  It  is  an  un- 
stable compound,  the  solution  undergoing 
spontaneous  progressive  change.  The  solution, 
which  is  highly  colloidal,  finally  solidifies.  By 
means  of  the  characteristic  reaction  of  the 
xanthates  with  iodine 


XO'-'^pq  . J 


- 2NaI + 


the  progress  of  the  change  may  be  followed,  the 
essential  feature  being  the  elimination  of  the 
CS2  residues  with  reaggregation  of  the  cellulose 
units.  Well-marked  stages  in  the  series  occur 
at  the  points  denoted  by  the  empirical  formulge 
^i2Hi909CSSNa,  C24H390i9‘CSSNa.  The  former 
represents  an  equilibrium  attained  after  the 
solution  has  remained  for  some  hours  at  the 
ordinary  temperature  ; the  latter  is  reached  in 


from  three  to  four  days.  The  cellulose  under  the 
reaction  acquires  a more  acid  character,  an 
additional  OH  group  combining  with  alkali. 
The  lower  terms  of  the  series,  e.g.  C48H.J9O58. 
CSSNA,  though  insoluble  in  water  or  dilute 
saline  solutions,  are  dissolved  by  the  addition  of 
sodium  hydroxide.  The  sodium  atom  in  combina- 
tion wdth  the  CSS  residue  is  not  attacked  by 
weak  acids  such  as  acetic  acid.  By  double 
decomposition  with  soluble  salts  of  Cu,  Zn,  &c., 
the  corresponding  xanthates  are  produced  as 
insoluble  colloidal  precipitates. 

In  the  above  reactions  the  cellulose  aggregate 
is  maintained ; the  solutions  of  the  derivatives 
are  viscous  and  colloidal ; but  in  the  following 
^ B.  Reactions  of  decomposition,  which  are^ 
determined  by  hydrolytic  and  oxidising  agents, 
the  directions  of  resolution  are  extremely  various, 
and  the  relationships  of  the  products  to  the 
original  aggregate  are  undetermined. 

(a)  Sulphuric  acid  dissolves  the  cellulose  as 
a disulphuric  ester  ; but  decomposition  attends 
the  reaction,  and  on  diluting  and  boiling,  the 
hydrolysis  is  carried  to  the  extreme  molecular 
limit,  the  final  product  being  dextrose  {supra)  ; 
but  the  reactions  are  not  simple  as  generally 
stated ; they  are  complicated  by  relatively 
stable  union  of  the  SO4H  with  the  resolved 
cellulose  ‘ residues,’  and  by  tendency  to  reversion 
or  condensation. 

{h)  Hydrohromic  acid  in  ethereal  solution 
attacks  the  cellulose  profoundly  with  production 
of  brom- methyl  furfural.  The  formation  of  this 
compound  indicates  a previous  or  intermediate 
stage  in  which  the  products  of  resolution  are 
molecular  ketonic  bodies  of  carbohydrate  con- 
stitution (Fenton,  Chem.  Soc.  Trans.  1901,  361). 

(c)  Hydrochloric  acid,  in  presence  of  water, 
dilute  sulphuric  acid,  and  acids  generally,  attacks 
the  cellulose  aggregate  with  production  of  a 
variety  of  derivatives.  (1)  Insoluble : these 
are  generally  termed  ‘ hydrocelluloses.’  They  are 
disintegrated  residues  of  the  original  fibres ; 
they  differ  chemically  from  the  parent  aggregate 
in  the  presence  of  free  aldehydic  groups,  and  in 
readily  yielding  to  the  action  of  alkalis.  (2) 
Soluble  molecular  products,  chiefly  dextrines  and 
dextrose. 

{d)  Alkaline  hydroxides  and  alkalis  generally 
in  the  form  of  dilute  solutions  have  little  ap- 
parent action  on  cellulose — even  when  treated 
at  elevated  temperatures.  Sodium  hydroxide  in 
solutions  of  concentrations  of  12  p.c.  NaOH  and 
upwards,  combines  with  the  cellulose,  producing 
profound  structural  modifications  (mercerisa- 
tion), but  without  resolving  the  aggregate. 

At  higher  concentration  and  temperature 
the  cellulose  is  partially  dissolved ; but  even 
under  the  conditions  of  a ‘fusion’  at  180°  the 
resolution  is  limited  to  the  conversion  into  alkali 
soluble  modifications,  which  are  precipitated  in 
the  colloidal  form  on  diluting  and  acidifying.  At 
higher  temperatures  (250°)  and  with  larger  pro- 
portions of  the  alkaline  hydroxides,  the  cellulose 
is  resolved  into  acid  products  of  low  molecular 
weight,  chiefly  acetic  acid  and  oxalic  acid. 

(e)  Oxidants.  The  directions  of  oxidation  of 
cellulose  are  likewise  extremely  diversified. 
The  aggregate  manifests  considerable  resistance 
to  alkaline  oxidants  in  dilute  form,  e.g.  solutions 
of  the  hypochlorites,  permanganates  ; but  when 
the  limit  is  passed  the  oxidations  which  result 
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are  drastic  in  the  sense  tliat  the  soluble  products 
are  of  low  molecular  weight,  chiefly  carbonic  and 
oxalic  acids.  The  insoluble  fibrous  residues, 
more  or  less  disintegrated,  are  known  as  oxy cel- 
luloses. They  contain  free  aldehydic  groups, 
are  easily  attacked  by  hydrolysing  agents,  and 
on  boiling  with  hydrochloric  acid  (LOfl  sp.gr,) 
are  decomposed  with  production  of  some 
furfural. 

Resolved  by  the  action  of  concentrated  solu- 
tions of  the  hypochlorites,  cellulose  yields  chloro- 
form and  carbon  tetrachlorides.  The  hypo- 
bromites  give  the  corresponding  bromine 
derivatives.  Nitric  acid  (1-2'j  sp.gr.)  at  80°-100‘^, 
converts  cellulose  into  a series  of  ‘ oxycelluloses,’ 
which  are  resolved  on  boiling  with  calcium 
hydroxide  into  acid  products,  among  which 
isosaccharinic  and  dioxybutyric  acids  have  been 
identified.  In  the  original  oxidation  small 
quantities  of  the  higher  dibasic  acids  — 
saccharic  and  tartaric  acids — are  produced,  but 
the  main  products  are  oxalic  and  carbonic  acids. 

With  chromic  acid  an  endless  series  of  oxida- 
tions may  be  effected,  the  degree  of  action 
depending  upon  the  proportion  of  the  active 
oxidant  and  the  associated  hydrolytic  action  of 
mineral  acids.  The  oxycelluloses  produced  are 
distinguished  by  relatively  large  yields  of  furfural 
when  decomposed  by  boihng  HClAq  (1-06  sp.gr.). 
In  presence  of  sulphuric  acid  there  ensues 
complete  combustion,  and  the  reaction  is  the 
basis  of  quantitative  analytical  methods. 

(/)  Resolution  hy  ferment  actions.  Under 
the  actions  of  specific  organisms  the  cellulose 
complex  is  totally  resolved,  the  main  products 
being  methane,  hydrogen,  and  carbonic  and 
fatty  acids.  The  decomposition  may  be  associ- 
ated with  the  action  of  an  enzyme ; but  a 
remarkable  feature  of  the  process  is  the  absence 
of  intermediate  products,  at  least  in  the  cases 
hitherto  investigated.  In  the  digestive  tract  of 
the  herbivora,  cellulose  is  resolved,  and  from  the 
investigation  of  the  process,  necessarily  by 
indirect  observations,  it  appears  that,  in  addition 
to  a destructive  resolution  to  ultimate  gaseous 
products,  there  occurs  a resolution  to  proximate 
groups  of  high  nutritive  value,  which  are  assimi- 
lated by  the  animal  organism. 

{q)  Resolution  hy  heat : destructive  distillation. 
Cellulose  heated  at  100°-120°  is  dehydrated  ; 
at  150°  decomposition  is  evidenced  by  change  of 
colour.  At  this  early  phase  maltol  appears  to 
be  formed.  The  decompositions  of  cellulose  at 
temperatures  exceeding  250°  are  necessarily 
extremely  complex. 

The  groups  of  products  show  an  average 
proportion  : 


Solid  30  p.c. 

Liquid  50  p.c. 

Gaseous  20  p.c. 

Charcoal  or 

Containing  acetic 

Chiefly 

pseudo-car- 

acid(  2p.  c. ) , methyl 

CO  and  CO  2 

bon 

alcohol  (7  p.c.), 
acetone,  furfural 

(12  p.c.) 

the  actual  proportions  and  composition  of  these 
mixtures  varying  with  the  temperature  and 
duration  of  their  heating. 

By  ‘ dry  ’ distillation  in  vacud  of  cellulose 


(and  starch)  large  yields  of  Isevoglucosan  are 
obtained.  Pietet  and  Sarasin,  Compt.  Rend. 
166  (1918)  28. 

General  view  of  the  decompositions  of 
cellulose.  It  is  clear  that  the  cellulose  complex 
breaks  down  under  destructive  influences,  in 
directions  depending  upon  the  nature  of  the 
attacking  agent,  its  concentration,  and  all  the 
surrounding  physical  conditions.  The  study  of 
these  decompositions  has  thrown  but  little  light 
on  the  actual  nature  and  constitution  of  the 
cellulose  aggregate  ; for  the  reason,  perhaps,  that 
we  have  endeavoured  to  maintain  a basis  of 
interpretation  such  as  is  applicable  to  ordinary 
molecular  compounds  or  complexes.  Cellulose 
is  a typical  amphoteric  colloid  : its  reactions  with 
hydrolytic  reagents  suggest  many  points  of 
analogy  with  the  state  of  a eomplex  salt  in 
solution  (in  water).  Its  component  groups  of 
unknown,  but  possibly  small  dimensions,  appear 
to  exist  under  a certain  internal  stress  which 
determines  migrations  of  H and  OH  under 
reaction.  While,  therefore,  we  have  reduced  the 
reactions  of  cellulose  to  a short  systematic 
expression,  it  is  clear  that  the  main  aspect  of 
the  subject  cannot  effectually  be  so  treated, 
because  it  involves  as  theoretical  basis  the 
actual  state  of  matter  and  the  dimensions 
and  distribution  of  the  reactive  unit-groups  in 
the  cellulose  complex  ; and  this  basis  is,  as  yet, 
largely  undetermined  {see  Cross  and  Bevan, 
Cellulose  Researches,  1905,  1910). 

The  cellulose  group.  From  the  typical 
cellulose  we  pass  to  the  diversified  group  of 
celluloses.  Their  general  characteristics  are 
those  of  the  prototype  ; the  variations  they 
present  are  especially  such  as  involve  the  unde- 
termined factors  of  constitution.  With  these 
there  are  certain  correlative  variations  which 
afford  an  empirical  basis  of  classification.  These 
are  (a)  the  degree  of  resistance  to  hydrolytic 
and  to  oxidising  agents ; (6)  the  percentage 

yield  of  furfural  when  decomposed  by  boiling 
HClAq  ; (c)  elementary  composition,  in  respect 
of  the  ratio  C : 0. 

The  fibrous  celluloses  are  grouped  as  follows  : 


Type. 

Cotton 

sub-group 

A. 

Bleached 
cotton . 

Wood 

cellulose 

sub-group 

B. 

Jute 

cellulose. 

Cereal 

cellulose 

sub-group 

C. 

Straw 

cellulose. 

Hygroscopic 

moisture 

Elementary 

composition 

0:0 

6-8  p.c. 

/ 44-0-44-4 
\ 50-0 

9-11  p.c. 

43-0-43-5 

51-0 

9-12  p.c. 

43-5-44-5 

52-50 

Furfural 
Other  cha- 
racteristics 

0-1-0-4 

No  active 
CO  groups 

3 -0-6-0 
Some  free 
CO  groups 

120-15-0 

V ariable 
reactivity  of 
CO  groups. 

See  Esparto  Cellulose  and  the  Problem  of 
Constitution : Cross  and  Bevan,  Chem.  Soc. 
Trans.  113  (1918)  182. 

Of  these  groups  the  following  points  may  be 
noted  : — 

A.  Comprises,  in  addition  to  cotton,  other 
industrially  important  celluloses,  e.g.  flax,  hemp, 
and  rhea.  They  occur  in  the  plant-world  in 
association  with  compounds  easily  removed  by 
the  action  of  alkalis.  They  pass  through  the 
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cycle  of  reactions  involved  in  their  solution  as 
xanthates,  without  hydrolysis  to  soluble  deriva- 
tives. 

B.  These  celluloses  are  obtained  as  products 
of  decomposition  of  a compound  cellulose.  They 
may  be  regarded  as  partially  hydrated  or  hy- 
drolysed. They  are  more  readily  attacked  by 
hydrolysing  agents  and,  in  thexanthate  reactions, 
are  partially  resolved  to  alkali -soluble.derivatives. 

C.  These  celluloses  are  in  most  cases  a 
complex  of  structural  elements,  and  not  homo- 
geneous chemically.  They  are  still  less  resistant 
than  the  preceding  group,  and  more  especially 
the  furfural-yielding  components,  which  are 
selectively  attacked  under  certain  conditions. 

The  cellulose  groups,  as  above,  pass  by 
imperceptible  gradations  into  a heterogeneous 
class  of  natural  products,  which,  while  possessing 
some  of  the  characteristics  of  the  celluloses 
proper,  are  so  readily  resolved  by  hydrolytic 
treatment  that  they  must  represent  a very 
different  constitutional  type  or  types.  To  this 
group  of  complex  carbohydrates  the  class-name 
hemicellulose  has  been  assigned.  They  are 
structurally  different  from  the  fibrous  celluloses, 
occurring  mostly  in  the  cellular  form  (paren- 
chyma, &c.).  They  differ  in  physiological 
function,  and  in  being  readily  resolved  by 
hydrolysis  into  the  crystalhne  monoses. 

The  foregoing  expose  will  enable  us  to  group 
the  industrial  and  manufacturing  applications  of 
cellulose  in  reference  to  first  principles,  as 
follows  : — 

General. — The  uses  of  the  fibrous  celluloses, 
more  particularly  of  cotton  and  the  cotton  group, 
in  which  we  may  include  flax,  hemp,  and  ramie, 
depend,  apart  from  the  primary  condition  of 
length  of  ultimate  fibre,  upon  the  extreme 
chemical  resistance  of  the  fibre  substance,  which 
is  a function  both  of  the  constitution  of  the 
ultimate  groups  and  of  their  mode  of  union  to 
constitute  the  aggregate  itself. 

Insensitiveness  to  oxidation  is  an  obvious 
condition  of  such  stability  as  is  required  for 
textile  fabrics  and  paper,  and,  as  evidence  of 
resistance  to  atmospheric  oxygen,  we  have  the 
fact  that  flax  and  cotton  fabrics  and  papers 
composed  of  these  fibres  have  been  handed  down 
to  us  from  antiquity,  with  httle  change.  Next 
in  order  of  importance  is  resistance  to  water 
and  alkaline  hydrolysis.  This  resistance  enables 
textile  fabrics  to  withstand  periodical  cleansing - 
or  laundrying,  in  which  alkalis  are  the  principal 
agents.  In  the  purifying  of  textile  fabrics  by 
the  bleaching  processes  and  the  preparation  of 
paper  pulps,  the  same  negative  qualities  are  of 
first  importance. 

Textiles  are  subjected  to  severe  processes  of 
alkali  treatment,  and  to  the  action  of  bleaching 
agents,  such  as  hypochlorites,  without  evident 
chemical  or  structural  modification. 

On  the  other  hand,  there  is  a hmit  of  the 
resistance  to  oxidation,  and  any  undue  action  of 
the  ordinary  bleaching  solutions  leads  to  the 
formation  of  ‘ oxy cellulose,’  and  structural 
weakening  as  an  attendant  result. 

While  extremely  resistant  to  alkalis,  the 
celluloses  are  sensitive  to  acids,  and  here  again 
in  bleaching,  finishing,  and  dyeing  processes, 
the  incidental  acid  treatments  require  careful 
adaptation  to  the  limit  of  sensitiveness  of  the 
cellulose. 


Special. — Constitutional  m,oisture  and  hy- 
dration effects.  These  involve  a range  of  pheno- 
mena of  obvious  industrial  importance.  The 
normal  moisture  of  cellulose  has  to  be  taken 
into  account  in  the  finishing  of  textiles,  and 
their  package  for  shipment.  The  condition  of  the 
fibres  as  regards  hydration,  of  which  the  capacity 
for  combining  with  atmospheric  moisture  is  an 
index,  directly  affects  the  finishing  processes 
which  are  chiefly  the  mechanical  operations  of 
mangling,  calendering,  and  beetlmg. 

The  further  hydration  of  the  celluloses  which 
takes  place  in  the  beating  operations  of  the 
papermaker  is  of  considerable  practical  im- 
portance, and  affect  the  quality  and  character 
of  the  papers  in  a very  great  degree. 

Cellulose  and  ash  constituents.  The  normal 
ash  of  the  cellulose  of  the  cotton  group  is  small 
in  proportion,  and  we  are  not  able  to  affirm  that 
these  inorganic  constituents  have  any  determin- 
ing relationship  to  the  constitution  of  celluloses, 
though  this  is  an  accepted  probability. 

It  is  a problem  for  colloidal  chemistry  to 
establish  this  relationship  in  specific  terms. 
Industrially,  the  question  arises  only  with  regard 
to  the  aggregate. 

Thus  in  the  purest  form  of  cellulose  required 
as  filter  paper  for  the  quantitative  separa- 
tions by  chemists,  it  is  of  importance  that 
the  ash  components  should  be  reduced  to  a 
minimum. 

This  minimum  of  0‘05  p.c.  by  weight,  is 
attained  by  digesting  the  cellulose  with  hydro- 
fluoric acid  and  hydrochloric  acid,  and  thoroughly 
washing  the  paper  in  pure  water. 

Pure  unsized  cellulose  paper  thus  treated 
constitutes  the  well-known  ‘ Swedish  ’ paper, 
so  called  from  its  country  of  origin,  but  now 
produced  in  this  country  and  other  centres. 

Cellulose  as  a typical  colloid  enters  into 
characteristic  combinations  with  inorganic 
oxides,  and  this  property  is  an  important  basis 
of  the  processes  of  the  dyer  and  printer. 

Oxides  of  the  polyvalent  metals,  notably  of 
aluminium,  chromium,  iron,  tin,  and  lead,  are 
taken  up  by  the  celluloses  from  solutions  of 
their  salts,  and  the  cellulose  thus  mordanted 
has  increased  special  affinities  tor  colouring 
matters. 

A more  special  industrial  application  of  this 
property  is  the  method  for  making  the  mantle, 
now  in  common  use  for  intensifying  coal-gas 
illumination  (Auer-Welsbach).  The  colloidal 
oxides  of  thorium  and  cerium  in  suitable  pro- 
portions are  fixed  upon  cellulose  fabrics, 
which  are  then  dried  and  ignited.  The  result 
is  an  inorganic  skeleton  of  the  original  fabric, 
prepared  in  any  desired  form,  and  composed  of 
the  oxides  in  question. 

The  particular  form  fulfils  the  conditions  of 
maximum  illuminating  surface,  together  with 
the  desired  degree  of  mechanical  resistance  to 
stand  shock  and  wear  and  tear  under  the  par- 
ticular conditions  of  employment. 

Cellulose  and  solvents.  It  is  in  the  solutions 
of  cellulose  or  its  derivatives  that  the  particular 
properties  of  the  cellulose  aggregate  are  evident. 

In  the  case  of  the  aqueous  solvents  observa- 
tion shows  that  the  cellulose,  employed  as  fibre, 
passes  through  phases  of  progressive  hydration 
with  considerable  distension  until  the  final  stage 
of  homogeneous  structureless  solution  is  reached. 
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The  general  character  of  the  solutions  is 
their  high  viscosity,  which  imposes  a limit  of 
from  7 to  9 p.c.  cellulose  for  solutions  which 
require  filtering. 

The  technical  applications,  of  these  solutions 
depend  upon  the  fact  that  the  cellulose  is 
brought  into  the  plastic  homogeneous  structure- 
less condition,  in  which  it  may  be  formed  or 
shaped  at  will,  and  in  finally  reverting  to  the 
solid  state  preserves  its  structural  continuity 
through  the  successive  phases  of  dehydration. 

The  solution  in  zinc  chloride  has  been  used 
for  making  threads  to  be  carbonised  for  electric 
incandescence  lamps. 

The  solution  is  forced  through  narrow  orifices 
into  alcohol,  which  precipitates  the  cellulose  as  a 
transparent  hydrated  solid,  retaining  zinc  oxide 
(hydrate)  in  combination.  The  solid  hydrate  is 
formed  and  manipulated  in  continuous  length, 
and,  when  freed  from  zinc  oxide  and  dried,  is  a 
structureless  cylinder  of  cellulose.  Heated  out 
of  contact  with  air,  it  is  converted  into  a pseudo- 
carbon, which  constitutes  the  filament  in 
question. 

The  solution  of  zinc  chloride  in  hydrochloric 
acid  has  been  employed  for  converting  cellulose 
papers  into  a special  agglomerated  product  or 
board,  which  is  used  as  an  insulating  material 
and  for  structural  purposes.  The  sheets  or  webs 
of  paper  are  treated  with  the  solvent  by  immer- 
sion, and  the  material  thus  attacked  is  then 
welded  into  the  composite  fabric  by  means  of 
the  adhesion  of  the  viscous  cellulose  solution 
resulting  from  the  attack. 

The  composite  sheets  or  webs  so  produced 
are  finally  compacted  by  pressure,  and  then 
exhaustively  washed  to  remove  the  solvents. 

Cu'prammonium.  There  are  various  indus- 
trial applications  of  this  characteristic  solvent. 
Textile  materials  are  treated  by  passing  through 
the  solution.  The  cellulose  is  attacked  super- 
ficially, and  under  the  pressure  of  rolls  the 
gelatinised  product  is  distributed  uniformly  : the 
fabric  is  then  dried.  The  fabric  is  thus  coated 
with  a varnish  composed  of  cellulose  and  tiie 
hydrated  copper  oxide,  of  greenish  colour  which 
renders  the  fabric  impervious  to  water  and  rot- 
proof. 

Papers  are  similarly  treated  ; the  sheets  or 
webs  being  welded  together  under  pressure. 
These  fabrics  have  been  known  for  a number  of 
years  as  the  ‘ Willesden  ’ waterproof  fabrics. 

The  most  important  industrial  application  of 
the  solution  is  in  the  manufacture  of  artificial 
cellulose  threads,  which  are  produced  in  various 
grades  of  fineness,  and  known  as  ‘ Artificial  Silk,’ 
‘Monofil’  (Lustra  Cellulose,  Sole  Artificielle, 
Glanzstoff,  Grin). 

The  process  in  its  simplest  form  consists  of 
the  production  of  the  solution  by  treating 
bleached  cotton  with  the  cuprammonium 
solvent,  and  filtering  through  fine  metal  -wire 
cloth  to  remove  incidental  impurities. 

The  solution  is  projected  through  orifices  of 
varying  diameter,  according  to  the  size  of  the 
threads  to  be  produced,  into  solutions  which 
precipitate  or  coagulate  the  cellulose. 

The  setting  solutions  are  of  two  types,  acid 
and  alkaline. 

The  cellulose  is  precipitated  as  a hydrated 
solid,  in  continuous  length,  and  is  drawn  forward 
at  speeds  varying  from  20  to  50  metres  per 
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minute,  according  to  the  diameter  of  the  thread 
and  the  conditions  of  the  precipitation. 

In  the  case  of  fine  filaments,  constituting 
artificial  silk,  several  of  the  threads  so  produced 
are  twisted  together  to  form  a compound  filament 
or  yarn  suitable  for  weaving  purposes.  The 
products  are  dried  under  special  conditions,  to 
secure  maximum  lustre  and  elasticity. 

Cellulose  esters.  The  application  of  the 
nitrates  to  high  explosives  is  an  application  of 
cellulose  that  stands  apart  and  depends,  of 
course,  upon  the  fundamental  chemistry  of  the 
product. 

The  ratio  of  oxygen  is  such  that  the  products 
contain  the  elements  for  their  complete  conver- 
sion into  gaseous  products  when  raised  to  the 
reactive  temperature. 

The  nitrates  in  the  fibrous  form  in  which 
they  are  produced,  are  explosives  of  the  dis- 
ruptive or  blasting  type,  and  were  exclusively 
so  used  for  many  years. 

The  type  of  explosion  required  for  the  pro- 
pulsion of  projectiles,  is  a restrained  or  graduated 
combustion,  which  is  determined  by  a change  of 
form  of  the  nitrates.  These  are  convertible 
into  plastic  modifications  under  the  action  of 
their  specific  solvents,  and  in  this  state  they  may 
be  formed  or  fashioned  into  threads,  cylinders, 
or  solids  of  any  desired  form  or  dimension.  The 
combustion  of  these  structureless  solids,  in  its 
aggregate  explosive  effect,  may  be  made  to  fulfil 
any  desired  ballistic  conditions. 

The  most  interesting  case  is  that  of  the 
employment  of  nitroglycerine,  itself  a high 
explosive,  and  the  basis  of  dynamite,  to  reduce 
the  cellulose  nitra,te,  acting  as  a solvent,  to  the 
structureless  condition. 

Mixtures  of  nitrocellulose  and  nitroglycerine, 
in  suitable  proportions,  are  drawn  to  threads  and 
constitute  with  certain  admixtures  the  modern 
explosives  cordite,ballistite,&c.  {see  Explosives). 

The  cellulose  nitrates,  treated  with  neutral 
solvents  and  subjected  to  a process  of  milling,  are 
reduced  to  a structureless  plastic  mass.  This 
may  be  reformed  into  solid  substances  which 
may  be  produced  in  any  desired  form  or  dimen- 
sion. In  sheets  or  film  they  constitute  the  basis 
or  transparent  carrier  of  photographic  emulsions. 

In  solid  form  they  are  known  as  celluloid, 
xylonite,  &c.,  and  find  endless  ajiplications  both 
useful  and  ornamental  {v.  Celluloid). 

The  solutions  of  nitrates  in  neutral  solvents, 
such  as  ether-alcohol  (collodion)  or  amylacetate, 
are  used  as  varnishes  and  lacquers  for  various 
purposes. 

The  cellulose  nitrates  in  ether-alcohol 
solution  are  employed  industrially  in  the  manu- 
facture of  artificial  silk. 

This,  in  fact,  was  the  pioneer  invention  ‘ of 
Chardonnet,’  and  dates  from  188.3.  The  process 
of  spinning  consists  in  forcing  the  solution 
through  capillary  glass  jets,  either  into  air 
(Chardonnet)  or  into  water  (Lehner). 

The  thread  is  thus  formed  and  obtained  as 
a nitrate,  in  which  form  it  is  twisted  into  com-, 
pound  textile  filaments,  which  are  reeled  into 
skeins  of  yarn. 

A process  of  saponification  for  removing  the 
nitric  groups  follows.  This  consists  in  digesting 
the  nitrate  yarn  in  solutions  of  ammonium.- 
magnesium  sulphydrates  at  ordinary  tempera- 
tures. 
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As  a result  of  the  cycle  of  operations,  the 
denitrated  cellulose  is  obtained  and  constitutes 
the  artificial  silk  of  commerce. 

The  xanthogenic  esters  of  cellulose  in 
aqueous  solution  (viscose)  are  the  basis  of  the 
production  of  artificial  textile  fibres,  and  the 
viscose  artificial  silk  has  displaced  the  pioneer 
product  as  well  as  to  a great  extent  the  cupr- 
ammonium  product  (Glanzstofi).  The  manu- 
facturing process  comprises  the  following  opera- 
tions : — 

(1)  Wood  cellulose  is  converted  into  alkali- 
cellulose  (hydrate). 

(2)  After  ageing,  the  product  is  treated  with 
carbon  disulphide  in  closed  vessels. 

(3)  The  xanthate  is  dissolved  and  filtered, 
and  after  ageing  is  projected  through  fine 
apertures  into  acid  solutions,  which  cause  rapid 
decomposition  and  reversion  to  ‘ cellulose.’ 

(4)  The  reprecipitated  cellulose  hydrate  is 
dried  and  dehydrated  under  strain. 

For  a full  description,  see  L.  P.  Wilson, 
J.  Soc.  Chem.  Ind.  1917,  817. 

Cellulose  acetates  are  the  analogues  of  the 
nitrates  with  the  radical  distinction  of  being 
non-explosive,  and,  in  fact,  eminently  stable 
compounds. 

By  treatment  with  their  special  solvents,  they 
are  dissolved  to  homogeneous  viscous  solutions, 
and  they  may  be  fashioned  into  films  and  solids 
as  are  the  nitrates. 

So  far  the  industrial  applications  of  the 
acetates  have  been  limited  chiefly  by  the 
prohibitive  costs  of  production. 

One  important  application,  however,  pro- 
duces results  so  very  much  sui  generis  and  in 
an  arena  where  costs  of  production  are  a minor 
consideration,  that  it  has  led  to  extensive 
developments  of  the  manufacture.  Solutions 
of  the  acetate  (6-8  p.c.)  in  ‘ organic  ’ solvent 
liquids  constitute  a viscous  vamish-dope,  which 
when  applied  to  a (stretched)  fine  textile,  cotton 
or  flax  cloth,  produces  a considerable  shrinkage, 
and  this  under  strain,  as  on  the  wing  planes  of 
the  aeroplane,  gives  a taut,  smooth  surface,  at 
the  same  time  waterproofing  the  fabric  and  thus 
fulfilling  the  exacting  technical  specification  of 
the  effect  required  for  these  special  and  highly 
specialised  structures. 

The  acetate  is  also  used  as  a varnish  covering 
of  fine  wire  used  in  electrical  construction.  The 
acetate  is  a high  insulator  with  exceptionally  low 
inductive  capacity. 

Cellulose  acetate  has  already  been  spun  to 
artificial  silk  and  coarser  textile  threads,  but 
there  has  been  so  far  no  industrial  development 
of  the  processes. 

The  technical  interest  of  such  a product  is 
that  it  is  employable  as  an  ester,  whereas  the 
nitrate  is  entirely  unsuitable,  as  such,  for  textile 
applications. 

Cellulose  and  alkalis  {M ercerisation).  The 
action  of  alkaline  hydroxide  in  strong  solution 
(15-20  p.c.  NaOH)  upon  cotton  textiles,  is  the 
basis  of  a special  industry.  By  converting  the 
cotton  fibre  into  the  modified  form,  cotton  yarns 
and  fabrics  are  changed  in  appearance  and 
acquire  a silky  lustre  and  touch. 

The  goods  to  be  ‘ mercerised  ’ are  passed 
through  a solution  of  caustic  soda  in  the  cold. 
This  produces  the  effect  of  considerable  shrink- 
age accompanying  the  change  of  form  and 


dimensions  of  the  ultimate  fibre,  from  a flat 
membranous,  to  a thick-walled  cylindrical 
homogeneous  tube. 

This  shrinkage  is  resisted  by  placing  the 
goods  under  the  condition  of  mechanical  strain, 
either  during  the  process  of  alkaltne  treatment, 
or,  after  allowing  the  shrinkage  to  take  place, 
the  goods  may  be  afterwards  stretched  to  their 
original  length. 

The  fundamental  observations  which  con- 
dition this  process  were  made  by  J.  Mercer 
(1850-1860),  but  they  remained  undeveloped 
until  late  in  the  century  (1880-1890). 

The  industry  is  now  a considerable  one,  and 
is  to  a certain  extent  independent  of  fashion 
{see  Mercerising). 

Cellulose  and  sulphuric  acid.  Whereas  cellu- 
lose reacts  with  the  more  concentrated  acids 
(H2SO4— H2S04,H20)  to  form  sulphuric  esters, 
the  acids  of  67*0  to  78*0  p.c.  H2SO4  (approxi- 
matelyH2S04,2H20  — H2S04,3H20)  hydrate,  and 
dissolve  the  cellulose  to  a colloidal  solution,  from 
which,  if  immediately  diluted,  the  cellulose  is 
precipitated  as  a gelatinous  hydrate  (‘  Amyloid  ’). 
These  reactions  are  industrially  applied  in  the 
preparation  of  ‘ parchment  paper,’  or  ‘ vegetable 
parchment.’  A pure  cellulose  paper  is  passed 
through  a bath  of  acid,  and  immediately,  in 
continuous  length,  into  water,  which  arrests  the 
action  of  the  acid  and  reprecipitates  the  cellu- 
lose superficially  dissolved  as  a structureless 
colloid.  After  washing  from  the  last  traces  of 
acid,  the  web  of  now  parchmentised  paper  is 
dried  under  special  conditions  of  strain  to  control 
the  shrinkage  of  width  (10-13  p.c.),  so  as  to 
maintain  an  even  surface  and  prevent  deforma- 
tion. To  overcome  the  brittleness  of  the 
product,  which  would  result  from  total  drying, 
it  is  treated  with  solutions  of  neutral  hygroscopic 
substances,  such  as  glycerol  or  glucose,  before 
passing  on  to  the  drying  cylinders.  A sufficient 
proportion  is  retained  in  the  finished  product  to 
ensure  a normal  ‘ humidity.’ 

The  total  hydrolysis  of  cellulose  to  ferment- 
able ‘ sugars  ’ is  effected  by  dissolving  in  the 
more  or  less  concentrated  acid,  and,  after  allow- 
ing the  acid  to  act  until  the  solution  becomes 
limpid,  diluting  and  heating  the  dilute  solution. 
The  acid  is  neutralised  with  chalk,  filtered  from 
the  insoluble  calcium  sulphate,  and  concentrated. 
The  industrial  value  of  this  process  is  obviously 
limited  by  the  relatively  low  values  of  starches 
and  the  more  economic  conversion  of  these  by 
simpler  means  and  to  superior  products. 

The  compound  celluloses  (Vegetable  fibres). 
While  the  simplest  form  of  vegetable  life  is 
the  cell,  and  the  cell  is,  moreover,  the  uni- 
versal originating  unit,  we  observe,  as  we 
ascend  the  scale  of  plant  organisation,  an  in- 
creasing variety  of  differentiations  of  this  sim- 
plest structural  unit  graduating  into  the  fibres 
and  vessels  of  the  stems  of  the  higher  flowering 
plants.  It  is  to  the  presence  of  such  elongated 
cells  as  warrant  the  designation  ‘ fibre  ’ that 
these  stems  mainly  owe  their  powers  of  bearing 
strains  and  resisting  fracture.  The  uses  to  which 
these  fibres  are  put  in  the  arts  depend  upon  the 
same  characteristics  of  form,  and  obviously  also 
on  the  nature  of  the  fibre  substance.  So  too 
the  anatomy  of  fibrous  stems  is  necessarily 
a main  factor  of  the  processes  by  which  they  are 
treated  for  the  isolation  of  the  fibres.  We  must 
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hoi'©  except  from  the  general  anatomical  view  we 
are  about  to  take  the  most  important  of  the 
vegetable  fibres,  viz.  cotton,  which  as  a seed  hair 
is  distinct  physiologically,  and  differs  structu- 
rally from  all  other  fibres  employed  for  textile 
purposes. 

The  ‘ ultimate  ’ fibre  is  a hollow  tube,  the 
walls  being  thin  and  membranous  ; it  is  attached 
at  one  end  to  the  testa  of  the  seed,  the  other 
being  free,  and  there  is  no  adhesion  of  the  fibres 
to  one  another.  The  preparation  of  the  textile 
fibre  involves,  therefore,  only  a mechanical 
treatment,  and  that  of  the  simplest  kind,  for 
separating  it  from  the  seeds.  The  other  vege- 
table fibres  employed  in  the  arts  are  without 
exception  constituents  of  complex  structures 
(stems  and  leaves)  which  require  a more  elaborate 
mechanical  operation  for  their  separation,  in 
addition  in  many  cases  to  a preparatory  chemical 
treatment. 

The  fibres  of  stems  are  arranged  according 
to  the  two  main  structural  types  of  growth, 
the  exogenous  and  endogenous.  In  the  exogen- 
ous stem  of  annuals  (dicotyledonous)  they  con- 
stitute a locahsed  tissue,  the  bast,  which  is  an 
annular  ring  external  to  the  wood  and  beneath 
the  cortex.  In  the  endogenous  stem  the  fibres 
proper  (bast  fibres)  are  generally  aggregated  to- 
gether with  vessels  into  bundles  known  as  fibro- 
vascular  bundles,  which  are  scattered  more  or 
less  irregularly  throughout  the  cellular  matrix. 

In  regard  to  the  leaf,  the  two  great  divisions 
of  the  phanerogams  are  also  contrasted ; the 
fibro-vascular  bundles  of  the  former  are  not  only 
irregularly  disposed,  but  interlaced  (reticulate 
venation),  whereas  the  leaves  of  the  typical 
monocotyledon  are  characterised  by  a parallel 
arrangement  of  the  bundles,  and  fulfil,  therefore, 
a necessary  condition  of  separation  for  tex- 
tile purposes.  Fibres  of  this  class  are  amongst 
the  most  useful  that  we  have.  There  is  a dis- 
tinction to  be  noticed,  though  rather  of  a techni- 
cal than  anatomical  nature,  between  the  vege- 
table fibres  and  ‘ fibrous  substances.’  By  the 
former  we  understand  isolated  bast  fibres  or 
fibro-vascular  bundles,  such  as  can  be  spun  into 
a continuous  length  or  yarn.  A fibrous  substance 
is  any  vegetable  structure  containing  fibres. 
Many  of  these  do  not  admit  of  being  economic- 
ally treated  for  the  isolation  of  a textile  fibre,  but, 
on  the  other  hand,  are  resolved  by  suitable 
chemical  treatment  into  a fibrous  mass  or  pulp, 
available  for  paper  making.  Many  of  our  most 
valuable  raw  materials  for  this  industry  are  of 
this  nature.  We  may  further  distinguish, 
according  to  the  above  classification,  (1)  exo- 
genous bast  tissues,  such  as  those  of  the  Adan- 
sonia  and  Broussonetia  (paper  mulberry)  and 
entire  stems  (woods)  ; and  (2)  endogenous 
stems  (straws  and  bamboo),  and  leaves  (esparto). 
In  this  more  miscellaneous  group  also  we  should 
include  the  refuse  from  the  preparation  of  textile 
; fibres,  such  as  the  root  ends  of  jute  (butts), 
the  waste  from  the  flax-scutching  process 
I {infra),  &c. 

We  have  already  excepted  the  cotton  fibre 
\ from  the  above  classification,  indicating  a struc- 
i tural  as  well  as  a physiological  distinction  from 
I other  textile  fibres.  These  are,  in  fact,  always 
I obtained  and  spun  in  the  form  not  of  ultimate 
I fibres,  but  of  bundles  of  these.  The  ultimate 
i bast  fibre  is  also  a hollow  tube,  but  more  or  less 


thick  walled  and  with  tapering  extremities  ; in 
section  it  is  seen  to  be  cylindrical  or  polygonal. 
The  dimensions  are  remarkably  uniform  for  the 
bast  of  any  given  plant  or  species,  but  exhibit 
wide  variations  from  species  to  species.  Thus 
the  average  length  of  the  bast  cell  of  jute  is 
3 mm.,  and  of  flax  28  mm.  The  textile  ‘ fibres  ’ 
are  aggregates  of  these  ultimate  fibres,  and  it  is 
convenient  to  employ  for  them  the  special  desig- 
nation of  filament.  This  complex  spinning  unit 
varies  in  the  number  and  degree  of  cohesion  of 
the  constituent  fibres.  These  variations  even 
in  the  same  plant  or  species  are  very  consider- 
able, but  more  so  as  we  pass  from  species  to 
species.  Expressed  in  another  way,  the  textile 
fibres  vary  very  much  in  regard  to  fineness 
and  divisibihty  of  the  filaments.  These,  it  is 
scarcely  necessary  to  say,  determine  in  a very 
important  sense  their  spinning  qualities.  The 
nature  of  the  fibre  substance  is  a self-evident 
factor  of  the  mechanical  properties  of  the 
filaments  ; and  lastly,  though  less  obviously, 
the  length  of  the  ultimate  fibre,  which  greatly 
influences  the  strength  and  durability  of  the 
yarn. 

To  the  spinner  the  chemical  composition 
and  properties  of  the  fibre  substance  may  appear 
of  altogether  secondary  importance  ; but  they 
are  obviously  of  first  importance  in  regard  to 
the  apphcation  of  the  yarn,  as  of  the  goods 
woven  from  it.  Supposing  them  put  into  use 
without  further  preparation,  the  durability  of 
the  fabrics  will  depend  upon  their  resisting  the 
disintegrating  action  of  air  (oxygen)  and  water, 
reinforced  by  heat  and  light.  But  a large  pro- 
portion of  the  textile  fabrics  of  commerce  are 
suppfied  to  the  consumer  in  the  bleached  state, 
the  process  of  bleaching  consisting  in  the  re- 
moval, by  a more  or  less  drastic  treatment  with 
reagents  of  those  fibre  constituents  to  which  the 
colour  of  the  raw  material  is  due.  These  pro- 
cesses being  the  subject  of  a special  article,  we 
shall  not  require  to  deal  with  them  at  all  in 
detail.  The  principles  underlying  them,  how- 
ever, have  a close  and  obvious  connection  with 
the  properties  of  cellulose,  and  the  relationships 
subsisting  between  the  cellulose  of  the  vegetable 
fibres  and  the  non-cellulose  constituents  with 
which  each  is  associated  in  the  plant ; and  from 
this  point  of  view  we  proceed  to  give  a short 
account  of  the 

Chemistry  of  the  Compound  Celluloses. 

There  are  many  reasons  for  regarding  cellulose 
and  the  non-cellulose  constituents  of  vegetable 
tissues  and  fibre  substances  as  united  chemi- 
cally. While  this  is  certainly  true  of  the  cuto- 
celluloses  (infra)  there  is  evidence  that  in  the 
ligno  celluloses  the  bond  of  union  is  rather 
that  of  mutual  interpenetration  or  ‘ adsorption.’ 
At  the  same  time  the  combination  is  equally 
resistant  to  reaction  as  that  of  a union  of 
‘ residues  ’ in  the  strictly  chemical  sense. 
Taking  cellulose  as  the  constant,  the  basis  of  our 
classification  of  the  compound  celluloses  will  be 
the  nature  of  the  non-cellulose,  the  character- 
istics of  which  are  as  distinct  as  they  are  general. 
Physiologists  recognise  three  ‘ modifications  ’ 
of  cellulose  in  the  plant,  and  these  we  term 
‘ Compound  celluloses.’  We  shall  find  the 
distinguishing  chemical  features  of  the  three 
groups  of  compound  celluloses  as  well  marked 
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as  their  functional  correlations,  and  the  corre- 
sponding classification  has  a ‘ natural  ’ in 
addition  to  its  chemical  significance.  We 
shall  consider  first  the  group  which  is  of  least, 
because  of  only  incidental,  importance  in  relation 
to  our  subject. 

Cutocelluloses  (Adipocelluloses).  The  pro- 
tective tissues  of  plants,  which  are,  moreover, 
cellular  rather  than  fibrous,  viz.  cork  and  cuticle, 
are  composed  of  a substance  of  marked  water- 
resisting  characteristics.  In  this  property,  as 
well  as  in  empirical  composition,  the  cuticular 
substance  designated  cutose  by  Eremy  resembles 
many  of  the  waxes.  The  following  percentage 
numbers  are  the  results  of  the  analysis  of  the 
cuticle  of  the  apple  purified  from  wax  and 
adventitious  matters:  C,  73’66 ; H,  11*37; 
O,  14*97. 

Cork  is  not  a simple  substance,  but  contains 
a number  of  products,  wax,  fatty  esters  and 
anhydrides,  proteid  residues,  and  tannins,  &c., 
associated  with  the  matrix  or  skeleton  substance, 
which  is  of  the  nature  of  cutose.  Both  cutose 
and  cork  yield  a residue  of  cellulose  when  treated 
with  special  reagents  (sulphites)  for  the  resolution 
of  its  union  with  the  wax-like  non-cellulose.  The 
latter^  is  resolved  by  boiling  with  strong  solutions 
of  the  alkalis  into  two  fatty  acids,  a solid  acid 
designated  stearocutic  and  a liquid  called  oleo- 
cutic  acid.  The  investigation  of  these  cuticular 
substances  has  not  been  sufficiently  extended  to 
warrant  our  entering  into  further  detail  in 
regard  to  their  composition  and  properties. 
We  may  regard  them  as  compound  celluloses 
resolved  by  alkaline  saponification  into  cellulose 
and  a mixture  of  fatty  acids  of  peculiar  proper- 
ties, but  altogether  unknown  constitution. 
They  may  be  conveniently  grouped  under  the 
term  adipocelluloses,  which  broadly  expresses 
their  chemical  relationship.  As  regards  their 
distribution,  they  occur  chiefly  in  the  epidermal 
and  cortical  tissues  of  leaves  and  stems,  but  the 
observations  of  Eremy  lead  to  the  conclusion 
that  they  are  by  no  means  confined  to  these, 
and  there  is  evidence  of  their  presence,  if  only 
in  minute  proportions,  in  the  fibres  themselves  ; 
but  their  occurrence,  chemically  speaking,  may 
be  regarded  as  adventitious,  the  fibre  substances 
belonging  to  essentially  different  classes  of  com- 
pounds. These  adipocelluloses,  moreover,  in 
most  of  the  technical  applications  of  vegetable 
materials  which  come  within  the  province  of 
this  article,  have  to  be  got  rid  of.  An  instance 
of  an  epidermal  tissue  (cutocellulose)  used  as 
such  is  the  Raffia,  which  consists  of  the  cuticular 
tissues  of  Raphia  ruffia,  which  in  horticultural 
work  replaces  the  linden  bast  or  ‘ bass  ’ of  a 
former  age.  A more  exhaustive  investigation 
of  Raffia  as  a type  of  cuticularised  tissue  has 
established  the  constitution  of  the  cuto-cellulose 
of  the  mixed  tissue  as  an  ester  of  an  oxidised 
‘ cellulose  ’ and  a fatty  acid 

Ci,H3,03=CieH3o(OH)*COOH 

But  investigations  in  this  field  are  complicated 
by  the  resistance  of  the  mixed  tissues  to 
proximate  resolution ; the  true  cuto-cellulose 
when  obtained  is  more  or  less  modified  by  the 
chemical  treatments  required  for  its  separation, 

1 According  to  Fremy,  It  is  the  cutose  Itself  which  is 
so  resolved,  bat  the  author’s  experiments  have  always 
yielded  a residue  of  cellulose. 


and  the  yields  are  small  (Cross  and  Bevan, 
J.  Soc.  Dyers,  1919,  35,  70). 

When  the  textile  fibres  are  isolated  from  com- 
pound structures  this  is  accomphshed  for  the 
most  part  by  the  mechanical  processes  of  pre- 
paration, scutching,  hackling,  &c.  When,  how- 
ever, the  tissue  intervening  between  the  fibres 
and  the  cortex  or  epidermis  is  of  small  extent, 
the  separation  is  never  complete.  In  flax,  for 
instance,  residues  of  the  epidermal  tissue  remain 
associated  with  the  fibre,  and  the  relative  diffi- 
culty of  attacking  these  substances  by  chemical 
means  is  a factor  of  the  laborious  process  of 
bleaching  linen  goods.  In  isolating  the  so-called 
New  Zealand  ‘ flax  ’ much  greater  difficulty 
is  experienced.  This  fibre  consists  of  the  fibro- 
vascular  and  other  fibre  bundles  of  the  sword- 
shaped leaf  of  the  Phormium  tenax,  and  these 
are  in  such  close  and  intimate  contact  with  the 
epidermal  tissues  that  their  isolation  is  always 
very  incomplete.  In  those  raw  materials  of  the 
paper  maker  which  consist  of  the  stems  and 
leaves  of  monocotyledons  (straw  and  esparto), 
the  epidermal  adipocelluloses  constitute  a sen- 
sible proportion.  They  are  resolved  in  this  case 
by  chemical  means,  which  require  to  be  much 
more  drastic  in  consequence.  The  fibrous  por- 
tions of  these  materials,  on  the  other  hand,  are 
made  up  of  a compound  cellulose  belonging  to 
the  next  group  which  we  shall  have  to  consider, 
an  important  characteristic  of  which  is  the  com- 
parative ease  with  which  they  are  attacked  and 
resolved  by  alkalis.  Although,  therefore,  the 
connections  of  these  cuticular  celluloses  with 
the  fibres  are  for  the  most  part  only  indirect  or 
incidental,  we  see  in  the  typical  instances  above 
cited  that  they  have  to  be  taken  into  account 
in  relation  to  a great  number  of  the  treatments 
of  cellulosic  raw  materials,  both  mechanical  and 
chemical. 

Pecto celluloses.  This,  the  second  division 
of  the  compound  celluloses,  is  characterised  by 
the  non-cellulose  constituents  belonging  to  the 
group  of  pectic  substances  or  pectins.  The 
pectins  are  carbohydrate-colloidal  aggregates  or 
supposed  complexes  of  hexosanes  and  pentosanes, 
with  a small  proportion  of  acid  groups  combined 
as  lactone  or  ester.  Sensitive  to  acid  hydrolysis 
and  ferment  actions,  they  occur  naturally  in 
the  most  varied  forms.  Thus  in  fruit  juices 
they  exist  as  colloidal  ropy  solutions.  In  the 
more  permanent  fibrous  tissues  they  are  insoluble 
in  water  (Tokens,  Annalen,  286,  278-292  ; 
Cross,  Ber.  1895,  2609). 

In  composition  they  are  more  complicated 
than  the  celluloses,  and  they  contain  less  carbon 
and  more  oxygen.  In  this  and  in  many  of 
their  properties  they  resemble  the  oxycelluloses 
above  described.  Generally,  they  yield  gela- 
tinous hydrates,  and  under  the  action  of  hydro- 
lytic agents  they  undergo  a succession  of  changes 
resulting  in  the  conversion  of  the  comparatively 
inert  members  of  the  series  pectose  and  pectin 
into  highly  acid  derivatives,  such  as  pectic  and 
metapectic  acids,  bodies  which,  in  addition  to 
being  acids,  have  properties  indicating  the  pre- 
sence of  aldehydic  groups. 

The  typical  pectocellulose  is  the  flax  fibre. 
The  purified  bast  of  a Russian  flax  was  found 
by  Kolb  to  contain  C,  43*7  ; H,  5*9  ; 0,  50*4. 

On  boiling  with  dilute  alkaline  solution  about 
20  p.c.  of  its  substance  is  readily  converted  into 
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soluble  derivatives,  of  which  a considerable  pro- 
portion is  a body  identical  with  Fremy’s  pectic 
acid  (C  42-0  p.c.  ; H=4-8  ; i.e.  CigHaaOig).  The 
fibrous  residue  from  an  exhaustive  treatment 
with  alkaline  solutions,  amounting  in  most 
flaxes  to  about  75  p.c.  of  the  original  weights, 
is  approximately  pure  cellulose.  In  this  experi- 
mental account  of  its  constitution  we  disregard 
such  adventitious  admixtures  as  cuticular  tissue 
(adipocellulose)  and  wood  or  ‘ sprit  ’ (lignocel- 
lulose),  the  influence  of  which  may  be  calculated 
and  eliminated  from  the  result ; but  the  presence 
of  these  in  commercial  flax  introduces  complica- 
tions of  very  great  moment  in  regard  to  the 
spinning  of  the  fibre  and  the  bleaching  processes 
to  which  flax  goods  are  subjected.  In  regard  to 
the  latter,  an  important  technical  difficulty  is 
experienced  in  washing  flax  yarns  after  a 
‘ chlorine  ’ (hypochlorite)  bleaching  treatment. 
‘ Active  chlorine  ’ remains  persistently  in  the 
goods.  This  is  now  elucidated,  as  due  to  the 
formation  of  chloroamine  derivatives,  from 
residues  of  chlorophyll  and  other  nitrogeneous 
products  containing  amino-  groups  always 
present  in  cuticular  tissues  (Cross,  Bevan,  and 
Briggs,  J.  Soc.  Chem.  Ind.  27,  1908). 

Lignocelluloses.  As  the  name  indicates,  this 
group  comprises  the  substance  of  the  ground 
tissue  of  the  woods.  The  simplest  type  of 
lignocellulose,  chemically  as  it  is  structurally, 
is  the  jute  fibre,  the  lignified  bast  of  an  annual 
{Corchorus  tibiacece)  cultivated  on  an  enormous 
scale  in  India,  and  the  staple  of  an  important 
textile  industry  centred  in  Dundee. 

The  elementary  composition  of  the  purified 
fibre  is  expressed  by  the  following  percentage 
numbers  : — 


C =47 -0-46 -0 
H=  5 -9-5 -7 
0=47-l-48-3 


Calc,  for  CigHigOg 
. 47-0 

6-0 
. 47-0 


The  constitution  of  a lignocellulose  is  revealed 
by  the  action  of  chlorine,  which  combines  with 
the  non-cellulose  or  lignone  component  to  form 
a quinone- chloride  of  constant  composition, 
Cigll,  9CI4O9,  with  production  of  hydrochloric 
acid,  also  in  constant  proportion  to  the  lignone  ; 
the  estimation  of  the  acid  affords  an  indirect 
measure  of  the  proportion  of  lignone  or  non- 
cellulose constituents  (Cross  and  Bevan,  Cellulose, 
Heuser  and  Sieber).  The  chlorolignone  reacts  with 
sodium  sulphite  (solution)  to  form  a sulphonated 
derivative  of  characteristic  magenta-red  colour, 
freely  soluble  as  sodium  salt ; consequently,  the 
chlorinated  fibre  is  resolved  by  treatment  with 
solution  of  sodium  sulphite  (2  p.c.  NagSOg),  the 
lignone-chloride  dissolving  from  the  cellulose, 
which  is  thus  isolated.  The  quantitative 
constants  of  this  reaction,  which  is  specifically 
diagnostic,  are  as  follows  ; — 

P.c.  of  i 

lignocellulose  j 

Chlorine  combining  with  lignone  . 8'0 

„ ,,  as  HCl  . . 8’0  i 


And  the  lignocellulose  may  be  statistically 
calculated  to  be  composed  of  : 

P.c.  of 

lignocellulose  Carbon 
Lignone  Ci9H2209[C=57'8  p.c.]  20’0  1D56 
Cellulose  CgIIi905[C=44‘4  p.c.]  80*0  35'52 


100-0  47-08 


The  cellulose  is  separated  actually  as  a 
hydrate  of  the  composition  3CgHio05,H20.  It 
further  differs  from  the  normal  cotton  cellulose 
in  being  non-homogeneous.  It  is  a mixture  of 
two  celluloses,  the  a-cellulose  (65  p.c.),  approxi- 
mating to  the  normal,  and  )8-cellulose  (15  p.c.) ; 
the  latter  being  relatively  sensitive  to  hydrolysis 
arid  yielding  a large  proportion  (40-50  p.c.  of 
its  weight)  of  furfural  on  boiling  with  condensing 
acids. 

Constitution  of  lignone.  The  characteristic 
groups  of  the  lignone  complex  are  those  which 
combine  with  chlorine  and  which  appear  to  be 
of  diketo  r.  hexene  constitution.  The  reaction 
with  bisulphites  is  also  quantitative  and  the 
sulphonated  derivatives  are  formed  without 
resolution.  Certain  decompositions  yield  pro- 
ducts quantitatively  related  to  original  groups  : 
thus  acetic  acid  is  a product  of  oxidations  both 
acid  and  alkaline,  and  appears  to  result  from 
hydrolysis  of  ketene  groups.  By  oxidation  with 
CrOg  in  presence  of  hydrolysing  acids  the  lignone 
is  entirely  resolved  to  oxalic  and  carbonic  acids, 
with  liberation  of  acetic  acid.  From  the  forma- 
tion of  volatile  pyrone  derivatives  in  the  first 
stages  of  destruction,  distillation  (150°-200°), 
and  from  the  statistics  of  ultimate  composition, 
the  presence  of  a pyrone  group  in  the  lignone 
complex  is  inferred. 

An  integral  expression  of  these  quantitative 
relationships  is  given  in  the  form  of  a general 
statistical  constitutional  formula  for  the  lignone- 
cellulose  complex 
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(Cross  and  Bevan,  Researches  iii.  p.  104).  4 his 

has  been  critically  examined  by  C.  Dore  in 
relation  to  the  study  of  the  action  of  ozone  on 
the  typical  lignocelluloses  (J.  Chem.  Soc.  103 
(1913),  685)  of  the  results  of  which  it  affords 
consistent  expirations. 

The  wood  substance  of  perennial  woods 
(dicotyledons),  with  the  same  general  character- 
istics, differs  in  the  relation  of  lignone  to  cellu- 
lose, both  in  proportion  and  in  mode  of  union. 
Whereas  the  jute  fibre  is  attacked  by  solvent 
reagents  similarly  to  the  celluloses,  the  woods 
are  extremely  resistant.  The  following  com- 
parison of  typical  constants  for  beechwood  is 
noteworthy  : — 

Quantitative  reactions 
Proximate  of  lignone 


Elementary 

composition 

meth- 

fur-  1 

chlorine 

composition 
C H 

cellu-  lig- 
lose  none 

oxyl 

fural 

com- 

bining 

Jute 

47-0 

5-9 

80 

20 

4*6 

8-0 

8-0 

Beech 

49-1 

5-6 

55 

45 

6-2 

12-8 

12-0 

The  wood  substance  of  the  Conifer ce,  first 
investigated  by  Erdmann  (Ann.  Suppl.  5,  223), 
is  a homogeneous  complex — lignocellulose — of 
empirical  composition,  CgoH4202i,  differing  in 
minor  respects  from  the  woods  of  angiosperms 
chiefly  in  the  lower  proportion  of  ‘ furfuroid  ’ and 
acetyl  groups.  A reaction  of  fundamental 
import  and  general  for  the  entire  group  of 
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lignocellulose,  is  the  basis  of  the  ‘ bisulphite  ’ 
process  of  preparing  cellulose  from  woods, 
applied  chiefly  to  the  coniferous  woods,  the 
insoluble  residue  of  disintegration  or  cellulose 
constituting  the  most  important  staple  of 
modern  paper  making.  The  lignone  complex 
reacts  quantitatively  with  the  disulphites  to 
form  derivatives  of  the  empirical  composition 
C24H23(0CH3)203’S03H  ; the  mechanism  of 
the  reaction  being  : (1)  a hydrolysis  of  ‘ acetal  ’ 
groupings  due  to  combination  of  HUO  and 
bisulphite  residues ; (2)  the  SO3H  residues 

then  migrating  to  unsaturated  — CH  = CH  — 
positions  ; the  lignone  complex  being  thus  ob- 
tained as  lignone  sulphonates  (Ca  or  Mg  salts), 
which  are  gummy  deliquescent  solids. 

These  reactions  take  place  progressively 
in  the  range  of  temperatures  80®-150°,  and 
industrially  are  carried  out  in  digestors  of 
special  construction  (silicate -lined)  and  enormous 
capacity. 

A third  reaction  characteristic  of  the  lignone 
complex  as  such  and  taking  place  in  definite 
quantitative  proportions  is  its  condensation  with 
phloroglucinol  in  presence  of  HClAq.  There 
are  two  phases  of  the  reaction  : (1)  with  forma- 
tion of  a crimson  colouring  matter.  This  takes 
place  with  a proportion  of  the  phenol  less  than 
1 p.c.  of  its  weight.  The  depth  of  colour  is 
quantitatively  related  to  the  lignone,  and  is, 
therefore,  an  approximate  measure  of  its  pro- 
portion in  a lignocellulose,  as  of  lignocellu- 
lose {e.g.  ‘ mechanical  ’ wood  pulp)  in  admixture 
with  cellulose.  (2)  A further  combination  with 
the  phenol  (6-7  p.c.  of  its  weight)  to  a product 
which  is  extremely  resistant  to  hydrolysis  (Cross, 
Bevan,  and  Briggs,  Ber.  40,  3119  ; Cross  and 
Bevan,  J.  Soc.  Dyers,  [v.]  32  (1916)). 

Characteristic  colour  reactions  are  those  with 
aromatic  bases  ; the  anilines  giving  yellow  to 
orange-colouring  matters.  Dimethyl-p-pheny- 
lenediamine  give  a deep -red  colouration,  which 
is  the  basis  of  the  well-known  quantitative 
method  of  estimating  lignocelluloses  in  mixture 
(C.  Wurster). 

Ferric  ferricyanide  in  solution  is  reduced  by 
the  lignocelluloses,  and  the  intermediate  ferroso- 
ferric  blue  cyanides  in  the  highly  hydrated 
colloidal  form,  are  precipitated  upon  the  fibre 
substance  in  intimate  ‘ adsorption  ’ combination. 
Jute  fibre  will  take  up  from  30  to  50  p.c.  of  its 
weight  of  the  blue  pigments  thus  formed,  with- 
out any  change  of  essential  characteristics. 
These  phenomena  have  especial  interest  in  re- 
lation to  theories  of  dyeing  and  the  colloidal 
state  (Cross  and  Bevan,  J.  Soc.  Chem.  Ind.  1893, 
12,  104),  and  are  of  use  in  laboratory  investiga- 
tions of  plant  products  (Sherman,  J.  Amer.  Chem. 
Soc.  1897,  291). 

The  lignocelluloses  have  many-sided  affinities 
for  colouring  matters,  due  to  specific  reactivities 
of  the  constituent  groups  of  the  lignone  complex. 
They  are  dyed  directly  by  dyestuffs  of  the  most 
varied  constitutional  types ; and  in  this  respect 
stand  in  marked  contrast  with  the  celluloses, 
which  present  a narrow  and  selective  range  of 
direct  tinctorial  capacity. 

Other  less  characteristic  reactions  of  the 
lignocelluloses  may  be  briefly  described. 

Halogens. — Bromine  reacts  to  form  bromin- 
ated  lignone  derivatives  ; but  the  attack  is  much 
feebler  than  with  chlorine,  and  is  complicated 


by  oxidations  (Cross  and  Bevan,  J.  Soc.  Dyers, 
vol.  32,  1916).  Cellulose  is  isolated  by  repeated 
treatments  with  bromine  water,  followed  by 
dilute  alkalis.  This  is  a useful  quantitative 
method  of  cellulose  estimation  (Hugo  Muller, 
Pflanzenfaser).  Iodine  is  absorbed  from  its 
aqueous  solutions  (in  KI)  in  definite  propor- 
tions. Jute  fibre  digested  at  18°  with  20  times 
its  weight  of  N/IO  solution  as  ordinarily  pre- 
pared, absorbs  12 ‘9-1 3 ‘3  p.c.  iodine  (Cross  and 
Bevan,  Cellulose,  138,  139). 

Hydrolytic  agents  generally  attack  the  ligno- 
celluloses as  a whole,  that  is,  -without  resolving 
the  lignonecellulose  combination.  At  elevated 
temperatures  (100°-160°)  dilute  alkalis  (NaOH, 
NagS)  selectively  attack  the  lignone  groups, 
breaking  them  down  to  acid  products — acetic 
acid,  and  the  so-called  lignic  acids — which 
dissolve  as  sodium  salts,  and  cellulose  is  obtained 
as  a residue. 

Dilute  acids  at  higher  temperatures  yield 
acetic  acid  as  a product  of  hydrolysis  (Cross  and 
Bevan,  Cellulose,  160,  161  ; W.  E.  Cross,  Ber. 
1910,  43,  1526),  and  a complex  of  products  of 
condensation,  including  furfural. 

Oxy -hydrolytic  agents  attack  the  hgnone 
complex  owing  to  its  unsaturated  and  oxidi sable 
characteristics.  By  the  action  of  nitric  acid  even 
in  dilute  form  (5-10  p.c.  HNO3)  and  at  low 
temperatures  (70°-80°)  the  lignone  is  resolved 
into  gaseous  and  soluble  products ; the  jS-cellu- 
lose  components  are  also  attacked,  and  a residue 
of  a-cellulose  is  obtained,  but  more  or  less 
oxidised  to  oxycellulose. 

It  is  noteworthy  that  in  presence  of  urea  the 
action  of  nitric  acid  loses  its  specific  character 
and  resembles  that  of  the  simple  hydrolysing 
acids  (Cross  and  Bevan,  Cellulose,  141,  145). 

Chromic  acid  in  presence  of  hydrolysing  acids 
oxidises  the  lignone  to  oxalic  and  carbonic 
acids.  Acetic  acid  appears  as  a product  of 
hydrolysis  (Cross  and  Bevan,  J.  Soc.  Dyers, 
vol.  32,  1916).  The  insoluble  residue  is  an 
oxycellulose  soluble  in  large  proportion  in  dilute 
solution  of  sodium  hydroxide. 

Permanganates  in  sufficient  proportion  oxi- 
dise the  lignone  complex  to  products  of  low 
molecular  weight,  but  the  action  may  be  regu- 
lated and  graduated  to  produce  valuable  bleach- 
ing effects. 

Hypochlorites  are  used  in  industrial  bleaching 
operations  (jute  yarns  and  fabrics),  but  require 
most  careful  control  to  prevent  chlorination  of 
the  fibre  substance,  the  fixation  of  chlorine, 
even  in  minute  proportion,  leading  to  ultimate 
disintegration  of  the  lignocellulose  (Cross,  Bull. 
Mulhouse,  1883). 

Ultimate  oxidations.  By  ‘ fusion  ’ with  the 
alkaline  hydroxides  at  250°-350°  the  lignocellu- 
loses are  oxidised  to  oxalic  acid,  the  yields  from 
the  wood  (sawdust)  being  large  (80  p.c.).  The 
process  is  of  considerable  industrial  importance, 
being  the  main  source  of  the  oxalic  acid  of 
commerce. 

By  chromic  acid  in  presence  of  sulphuric  acid 
the  lignocelluloses  are  oxidised  to  gaseous  pro- 
ducts (CO 2 and  some  CO)  and  water.  The 
reaction  is  the  basis  of  a quantitative  volumetric 
method  of  estimation. 

Synthetical  reactions.  Esters.  The  ligno- 
celluloses react,  as  do  the  celluloses,  to  form 
nitrates,  acetates,  and  benzoates  ; these,  how- 
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ever,  are  mainly  reactions  with  the  cellulose  of 
the  complex,  the  lignone  groups  containing  no 
reactive  OH  groups : these  remain  in  con- 
densed combination  in  the  resulting  ester 
complex. 

The  xanthogenic  ester  which  results  from 
the  successive  action  of  sodium  hydroxide  (17 '5 
p.c.  NaOH  solution)  and  carbon  disulphide  is  a 
mixture  or  series  of  products,  partly  soluble, 
partly  a highly  hydrated  and  distended  fibrous 
colloid  which  may  be  separated  by  filtration. 
There  is  little  resolution  or  separation  of  the 
lignone  groups  from  the  cellulose. 

Destructive  distillation.  The  highly  complex 
changes  which  the  lignocelluloses  undergo  when 
heated  out  of  contact  with  the  air,  are  only 
approximately  accounted  for  in  terms  of  the 
original  substance.  Typical  of  an  enormously 
diversified  series  of  volatile  products  are  : 

Methyl  alcohol  Methyl  furfural 

Acetone  Methyl-  and  methoxy- 

Acetic  acid  derivatives  of  Pyro- 

Furfural  gallol 


which  may  be  regarded  as  direct  products  of 
resolution  of  the  lignone  complex. 

Of  great  industrial  importance  are  the  pro- 
ducts of  the  first  group.  The  solid  residue 
(about  30  p.c.)  is  wood  charcoal,  a highly  con- 
densed ‘ pseudo-carbon  ’ of  the  approximate 
elementary  composition,  CsoH^gO^. 

Autoxidation  of  lignocelhdoses.  Lignocellu- 
loses in  the  form  of  ground  wood  or  ‘ mechanical  ’ 
wood  pulp  are  largely  used  in  modern  printing 
papers.  Such  papers  are  not  only  inferior  in 
physical  quality — tensile  strength  and  elasticity 
■ — but  in  permanency  ; they  change  in  colour  (to 
yellow  and  brown)  and  in  structure,  becoming 
brittle.  These  are  primary  effects  of  oxida- 
tion ; they  are  influenced  by  light,  and  by 
catalysts  such  as  iron  compounds  usually  present 
in  papers  as  an  incidental  impurity,  and  resin 
acids  added  as  sizing  agents.  These  effects 
and  defects  are  generally  recognised  and  lead 
to  the  specific  exclusion  of  ‘ mechanical  ’ pulps 
from  papers  intended  tor  documents  of  perma- 
nent value  (Report  of  Society  of  Arts  Committee 
on  Deterioration  of  Papers,  J.  S.  A.  1898). 

An  important  elucidation  if  these  phenomena 
is  suggested  by  the  researches  of  the  late  W.  J. 
Bussell,  described  in  the  Royal  Society  papers  on 
The  Action  of  Wood  on  Photographic  Plates 
in  the  Dark  (Phil.  Trans.  (B),  1904,  197,  281  ; 
Proc.  Roy.  Soc.  78,  385  ; 80,  346).  The  action  in 
question  is  a ‘ photographic  ’ image  reproducing 
the  structural  details  of  the  wood  sections, 
placed  at  some  distance  from  ordinary  sensitive 
plates,  but^with^exclusion  of  light. 

On  the  evidence,  the  effects  are  due  to  an 
‘ active  emanation  ’ from  the  wood  substance, 
which  aj^pears  to  be  a product  having  the 
characteristics  of  hydrogen  peroxide.  The 
general  evidence  also  connects  the  phenomena 
with  those  of  autoxidation,  and  these  again 
with  the  constitution  of  the  lignone  groups  of 
the  wood  substance. 


Assay  of  Eibrotjs  Materials. 

For  the  investigation  of  fibrous  raw  materials 
in  the  laboratory  the  following  scheme,  devised 
by  the  author  (Ind.  and  Col.  Exhibition  Reports, 
1887),  has  been  generally  adopted  : — 


Separate  portion  taken  for  each  determination. 

Results  calculated  in  percentage  of  dry 
substance. 

L Moisture  : 

Hygroscopic  water,  or  water  of  condi- 
tion, loss  on  drying  at  100°. 

2.  Ash  : 

Total  residue  left  on  ignition. 

3.  Hydrolysis  : 

(a)  Loss  of  weight  on  boiling  5 minutes 

in  1 p.c.  solution  of  caustic  soda ; 

(b)  Loss  of  weight  on  continuing  to 

boil  one  hour. 

4.  Cellulose  : 

Isolation  and  estimation  as  previously 
described  (chlorination  method). ^ 

In  the  case  of  raw  materials  containing  cuto- 
celluloses  the  alkaline  saponification  is  intensified 
by  substituting  alcoholic  (2  p.c.  NaOH)  for  the 
aqueous  solution  of  sodium  hydrate. 

5.  Mercerising  : 

Loss  of  weight  on  treating  one  hour 
with  strong  solution  of  caustic  soda, 
15-20  p.c.  NaOH,  in  the  cold. 

6.  Nitration  : 

Weight  of  nitrated  product,  obtained 
by  treatment  with  mixture  of  equal 
volumes  of  nitric  and  sulphuric  acids 
one  hour  in  the  cold. 

7.  Acid  purification  : 

Loss  of  weight  after  boiling  with  20  p.c. 
acetic  acid  and  washing  with  water 
and  alcohol. 

8.  Carbon  percentage  : 

Determined  by  combustion. 

la.  Moisture.  The  mere  operation  of  drying 
at  100°  determines  molecular  changes  in  such 
compounds  as  the  lignocelluloses,  changes  which 
affect  the  subsequent  action  of  reagents.  It  is 
necessary,  therefore,  to  weigh  separate  portions 
for  the  particular  experiments  in  the  air-dry 
condition,  and  calculate  the  dry  contents  from 
the  data  of  the  specimen  weighed  after  drying 
at  100°.  The  dried  specimen  is  treated  for 
\h  Fat,  wax,  and  resin.  These  constituents  are 
estimated  as  an  aggregate  extract  obtained  by 
boiling  out  with  hydrocarbon  solvents,  or  with 
ether-alcohol. 

2.  Ash.  The  specimen  weighed  after  extract- 
ing may  then  be  burned  for  the  determina- 
tion of  ash.  The  ash  in  isolated  fibres  is  low, 
viz.  1-2  p.c.  ; in  fibre  aggregates  it  is  often  high, 
thus  in  esparto  and  straw  from  3-6  p.c.,  and 
should  be  taken  into  account  in  calculations  of 
yields  or  loss  of  weight.  In  such  cases,  after 
weighing  the  product  of  any  given  reaction  the 
specimen  or  a portion  of  it  should  be  burnt  and 
the  ash  determined.  The  ash-free  product  is 
calculated  in  terms  of  the  original  substance, 
also  taken  ash-free. 

The  ash  constituents  are  : (1)  those  of  the 
normal  fibre  ; and  (2)  in  certain  cases  adventi- 
tious mineral  matter.  These  are  easily  dis- 
tinguished and  separately  estimated. 

3.  Alkaline  hydrolysis.  This  is  the  first  stage 

* After  lengthened  critical  investigation  and  dis 
cussion  (1895-1918)  the  naethod  of  chlorination  is 
generally  adopted  as  the  standard  process  of  estinaating 
‘cellulose’ — with  variations  in  treatment  in  special 
cases  (dense  lignocelluloses — cutocelluloses)  and  reser- 
vation as  to  the  definition  of  ‘cellulose’  to  include 
furfural-yielding  components.  For  Bibliography,  see 
W.  H.  Bore,  J.  Ind.  & Eng.  Chem.  ii  (1919),  556. 
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towards  the  isolation  of  the  cellulose.  When  the 
numbers  obtained  for  the  short  period  {a)  and 
for  the  long  digestion  (h)  show  a^  marked 
difference,  it  is  an  obvious  general  indication  of 
low  paper-making  quality. 

4.  Cellulose.  Having  isolated  a white  residue 
from  a raw  fibrous  material,  it  may  be  weighed 
and  then  further  investigated.  An  estimation 
of  furfural  will  establish  its  position  in  the 
classification  of  the  celluloses.  For  practical 
purposes  it  is  sufficient  to  establish  the  degree 
of  resistance  of  the  cellulose  to  further  alkaline 
hydrolysis,  and  to  oxidation  by  alkaline  cupric 
oxide  (Barreswil’s  or  Fehling’s  solution). 

5.  Mercerising . The  effect  of  the  action  of 
caustic  soda  as  measured  by  loss  of  weight,  and 
also  changes  in  appearance  and  structure,  may 
be  usefully  observed  on  the  isolated  celluloses, 
and  in  certain  cases  upon  the  raw  fibrous 
materials.  The  pectocelluloses  are  considerably 
gelatinised  by  the  treatment,  the  fibres  often 
undergoing  agglomeration  and  drying  to  a harsh 
wiry  condition.  The  lignocelluloses  are  effected 
in  the  contrary  direction.  The  cutocelluloses 
are  not  attacked. 

From  all  the  above  treatments  the  products 
should  be  treated  with  dilute  acids  by  immersion 
in  the  cold,  and  copiously  washed  before  drying. 
The  drying  is  accelerated  by  treatment  with 
alcohol. 

6.  Nitration,  or  conversion  into  nitfic  esters, 
affords  useful  information  ; but  judgment  must 
be  exercised  as  to  the  applicability  of  the 
treatment  to  the  raw  material,  to  the  partially 
purified  products  (alkaline  hydrolysis),  or  the 
isolated  cellulose.  It  is  a general  measure  of 
the  proportion  of  reactive  alcoholic  OH  groups, 
and  also  of  resistance  to  oxidation. 

7.  Acid  purification  removes  basic  mineral 
matter,  often  present  in  some  quantity  in  raw 
materials,  of  the  pectocellulose  class.  It  may 
sometimes  be  required  to  attack  and  remove 
more  resistant  mineral  constituents,  such  as 
silica  or  silicates.  In  this  case  the  material  may 
be  digested  with  a mixture  of  hydrofluoric  and 
hydrochloric  acids  in  vessels  suitably  resistant 
to  the  action  of  these  acids.  The  treatment  is 
followed  by  copious  washing. 

8.  Carbon  percentage.  This  is  only  necessary 
in  certain  investigations.  The  value  of  the 
constant  will  be  recognised  from  the  fact  that 
it  varies  considerably  for  the  different  groups 
of  compound  cellulose.  The  most  convenient 
method  is  that  of  combustion,  with  chromic 
acid,  after  solution  in  sulphuric  acid. 

For  special  purposes  the  above  scheme  is 
extended  by  operations  on  a larger  scale,  and 
under  conclitions  which  approximate  to  those 
industrially  employed,  as,  for  instance,  in 
estimating  the  value  of  a raw  material  for  paper- 
making purposes  : complementary  investigation 
of  structural  characteristics,  including  the 
measurements  of  length  and  diameter,  of  ulti- 
mate fibres  (cellulose)  is  also  required.  For 
processes  and  methods  the  special  text-books 
must  be  consulted. 

The  following  is  a general  view  of  the 

Cellulose  Industeies. 

Celluloses,  fibrous  material,  used  as  such  : 

(1)  Mechanical  with  incidental  chemical  treat- 


ments (bleaching,  dyeing,  mercerismg 

finishing)  : 

Textiles,  fine  fabrics  : 

Cotton,  flax,  hemp,  ramie. 

Coarse  textiles  : 

Jute  (flax  and  hemp). 

Ropes,  twines  : 

Hemp  flax,  manilla,  aloe,  and  fibres 
of  monocotyledons. 

Hat-making  materials  : 

Straw,  wood. 

Paper,  boards,  and  fibrous  agglomerates  : 

Cotton  and  linen  rags  and  textile 
wastes  (wood,  straw,  esparto 
pulps). 

(2)  Chemical  industries.  Cellulose  deriva- 

tives, or  celluloses,  or  products 
of  resolution  of  compound  cellu- 
loses. 

Explosives  : 

Nitro  celluloses. 

Artificial  fibres  : 

Nitro  celluloses  (acetates). 

Aqueous  solutions  of  cellulose  deriva- 
tives. 

Zinc  chloride,  cuprammonium, 
xanthogenic  ester  (viscose). 

Films  or  sheets  : 

Nitrocellulose  (acetates),  xanthogenic 
ester. 

Massive  solids  : 

Nitrocellulose  (acetates),  xanthogenic 
esters. 

Preparation  of  wood  pulp,  esparto, 
straw,  and  other  celluloses  for 
paper  making  : 

Treatment  of  coniferous  woods, 
esparto,  straw,  and  textile  waste 
materials. 

(3)  Products  of  decomposition  : 

Oxalic  acid : 

Fusion  of  wood  wastes  with  alkaline 
hydroxides. 

Acetic  acid,  wood  spirit,  acetone, 
creosote,  charcoal : 

Products  of  destructive  distillation  of 
woods. 

Supplementary  Note.  (Jan,  1,  1920  ) 

The  chemistry  of  ‘ cellulose  ’ is  obviously  a 
section  of  the  ‘ chemistry  of  colloids  ’ ; the  state 
of  development  of  this  extensive  and  complex 
subject  is  set  forth  in  the  Reports  (I,  1918  ; 
II,  1919)  of  the  British  Association  Committee. 
Cellulose  is  in  many  respects  the  prototype 
of  the  organic  colloids  ; as  a primary  natural 
product  it  is  only  known  to  us  in  its  natural 
forms  of  organised  structures  ; and  it  is  an 
index  of  the  necessary  trend  of  progressive 
research  in  this  field  that  the  works  of  the 
histologist  and  chemist  are  convergent.  Thus  : 
W.  L.  Balls  (Proc.  R.  S.  (B.)  1919,  90,  542) 
demonstrates  daily  growth  rings  in  the  cell  wall 
of  cotton  by  taking  advantage  of  the  xanthic 
ester  reactions  under  limiting  conditions,  such 
as  induce  controlled  rehydration  of  the  cell 
substance  without  disruptive  distortion. 

Robinson  (Prov.  Rep.  R.  S.  Proc.  Nov.  1919), 
in  investigating  the  deformation  of  wood  struc- 
tures under  stress,  finds  positive  evidence  of  asso- 
ciated deliquification  in  the  chemical  sense. 

Cross  and  Be  van  (J.  Soc.  Dyers,  1918,  34, 
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215,  247)  have  investigated  two  cases  of  pro- 
found structural  change  in  cotton  under  mechani- 
cal stresses,  associated  with  fundamental  changes 
of  chemical  constitution. 

Of  these  effects  the  immediate  factor  of 
change  may  be  a particular  form  of  energy,  in 
respect  of  which  the  effects  of  heat,  electricity, 
light,  and  radio-active  ‘ matter,’  have  been 
shown  to  be  definitive  {ibid.  ; and  S.  J.  Lewis, 
34,  167  ; W.  Harrison,  1919,  35,  243-250). 

It  is  clear  that  for  exact  characterisation  of 
cellulose,  as  a colloid,  it  must  be  investigated  as 
such,  and  not  in  terms  of  products  of  proximate 
resolutions.  This  postulates  physical  methods, 
of  which  the  most  obvious  is  the  measurement 
of  volume  and  volume  changes  (Cross  and 
Bevan,  Berl.  Ber.  1909,  42,  2198),  with  tem- 
peratures and  under  reaction.  Such  investiga- 
tions have  already  suggested  that  the  cellulose 
may  be  made  up  of  reactive  unit  groups 
of  small  dimensions — of  cyclic  configuration — 
and  having  the  reactive  continuity  of  liquid 
systems.  Research  and  progress  by  way  of 
such  problems  and  hypotheses,  many  of  which 
arise  in  the  technical  routine  of  the  cellulose 
industries,  are  the  leading  characteristics  of  the 
present-day  movement  towards  a more  compre- 
hensive science  of  the  subject. 
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CELTIUM  Ct.  At.  wt.  ? An  extremely  rare 
element  intermediate  in  characters  between 
lutecium  and  scandium,  occurring  in  gadolinite 
and  first  isolated  by  Urbain.  Forms  a white 
oxide,  and  an  anhydrous  chloride  more  volatile 
then  lutecium  chloride,  but  less  volatile  than 
scandium  chloride.  The  hydroxide  is  a weaker 
base  than  lutecium  hydroxide,  but  is  stronger 
than  scandium  hydroxide.  Gives  a character- 
istic arc  spectrum  (Urbain,  Compt.  rend.  1911, 
152,  141). 

CEMENT.  In  this  article  the  word  ‘ cement  ’ 
is  used  to  mean  a calcareous  compound  employed 
in  building,  and  does  not  refer  to  minor  ad- 
hesives of  the  class  typified  by  glue. 

Portland  cement.  This  material  is  so 
greatly  more  important  than  any  other  cement 
of  its  class,  that  it  may  appropriately  be  dealt 
with  first.  The  name  is  trivial,  referring  merely 
to  the  colour  of  the  set  product  which  somewhat 
resembles  that  of  Portland  stone.  The  inven- 
tion of  Portland  cement  is  attributed  to  Aspdin 
of  Leeds,  who  calcined  a mixture  of  chalk  and 
clay,  and  found  that  the  product,  when  ground 
and  mixed  with  water,  would  set ; but  develop- 
ment from  this  elementary  stage  to  the  status  of 
a valuable  industry  was  the  work  of  many 
minds,  which,  operating  mostly  empirically, 
arrived  at  a procedure  competent  to  ensure  a 
commercial!}^  useful  product,  although  by 
methods  of  which  the  rationale  was  only  dimly 
understood.  At  the  present  time,  a better 
state  of  knowledge  exists,  and  except  in  a few 
minor  points,  such  as  the  adjustment  of  the 
setting  time,  which  still  cannot  always  be  com- 
pletely controlled,  the  manufacture  is  per- 
formed with  precision  and  the  product  is  of 
uniform  and  excellent  quality.  Nevertheless, 
the  chemistry,  both  of  the  formation  of  Portland 
cement  from  its  raw  materials  and  of  the  changes 
which  it  undergoes  on  setting,  is  incomplete, 
many  of  the  reactions  supposed  to  occur  re- 
maining obscure  amd  h3q)othetical. 

Composition. — Portland  cement  consists  of 
a mixture  of  compounds  of  lime  and  silica  and  of 
lime  and  alumina.  These  are  the  essential  con- 
stituents, but  it  commonly  contains  in  addition 
loose  compounds  of  lime  with  ferric  oxide, 
magnesia,  and  small  quantities  of  inert  insoluble 
silica  or  silicates,  alkalis  and  sulphates.  Except 
when  perfectly  calcined  and  absolutely  fresh,  it 
also  contains  a little  water  and  carbonic  anhy- 
dride absorbed  from  the  air.  The  ultimate 
composition  of  Portland  cement  varies  with 
the  nature  of  the  raw  materials  from  which  it 
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has  been  made.  The  following  is  a typical 
analysis  of  cement  made  from  chalk  and  clay  in 
the  Thames  and  Medway  district : — 

Per  cent. 


Silica  (SiOg)  . . . . .22*0 

Insoluble  silicious  matter  . . .0*7 

Alumina  (Al20g)  ....  6‘5 

^ Ferric  oxide  (FegOg)  ....  3’3 

Lime  (CaO)  .....  63’0 

Magnesia  (MgO)  . . . . .1-0 

Sulphuric  anhydride  (SOg)  . . .1-5 

Carbonic  anhydride  (COg)  . . . 0'5 

Water  (HgO)  . . . . . LO 

Alkahs  ......  0*5 


1000 


All  the  constituents  may  depart  a good  deal 
from  these  proportions.  The  silica  may  vary 
from  18  to  27  p.c.,  the  alumina  from  5 to  10  p.c., 
the  ferric  oxide  from  nil  to  7 p.c.,  the  lime  from 
58  to  67  p.c.,  the  magnesia  up  to  3 p.c.,  the  sul- 
phuric anhydride  up  to  2*75  p.c.,  the  alkalis  to 
2 p.c.,  and  the  water  and  carbonic  anhydride 
according  to  the  length  of  time  the  cement  has 
been  made  and  the  extent  to  which  it  has  been 
exposed. 

The  limits  laid  down  by  the  British  Standard 
specification  are  as  follows  : The  proportion  of 
lime  to  silica  and  alumina  shall  be  not  greater 
than  the  maximum  nor  less  than  the  minimum 
ratio  (calculated  in  chemical  equivalents)  re- 
presented by  respec- 

tively. The  percentage  of  insoluble  residue 
shall  not  exceed  1*5  p.c.  ; that  of  magnesia 
shall  not  exceed  3 p.c.  ; and  the  total  sulphur 
content  calculated  as  sulphuric  anhydride  (SOg) 
shall  not  exceed  2*75  p.c.  The  total  loss  on 
ignition  shall  not  exceed  3 p.c. 

Although  the  ultimate  composition  of  Port- 
land cement  is  easily  and  accurately  ascertained 
by  the  ordinary  methods  of  chemical  analysis, 
its  proximate  composition,  that  is,  the  nature 
and  quantity  of  the  chemical  compounds  or 
physical  mixtures  which  constitute  it,  are  not 
known  with  exactness  and  cannot  be  deter- 
mined with  precision  by  existing  methods  of 
inquiry.  The  view  most  in  favour  and  best 
supported  by  experimental  evidence,  is  that  the 
essential  constituent  is  tricalcium  silicate 
3Ca0*Si02,  and  that  the  body  next  in  import- 
ance is  a calcium  aluminate,  to  which  the 
formula  2Ca0*Al20g,  or  alternatively 
3Ca0*Al20g, 


is  assigned.  Dicalcium  silicate  2Ca0*Si02  is 
also  present.  The  oxide  of  iron  occurs  as  a 
calcium  ferrite,  the  magnesia  possibly  as  such, 
the  sulphuric  anhydride  and  carbonic  anhydride 
probably  as  calcium  sulphate  and  carbonate, 
and  the  alkalis  perhaps  as  double  compounds 
with  lime  and  silica  or  alumina.  As  far  as  is 
known,  the  substances  of  primary  importance 
are  the  tricalcium  silicate  and  aluminate  only, 
the  minor  bodies  being  little  more  than  make- 
weights with  the  exception  of  calcium  sulphate, 
which  is  of  moment,  because  of  its  influence 
on  the  setting  time  of  the  cementitious  con- 
stituents proper.  The  best  proof  that  these 
smaller  constituents  are  not  essential  is  afforded 
by  the  fact  that  Portland  cement  of  the  highest 
quality  can  be  prepared  containing  only  silica, 
alumina,  and  lime  in  proper  proportions. 


It  was  formerly  held  that  the  calcium 
aluminate  and  silicate  did  not  exist  separately 
but  as  solid  solutions,  which  are  recognisable  as 
distinct  minerals  in  Portland  cement  clinker. 
The  mineral  termed  alite  is  a solid  solution  of  tri- 
(or  di-)  calcium  aluminate  in  tricalcium  silicate, 
whilst  the  solid  solution  of  dicalcium  aluminate 
in  dicalcium  silicate  is  called  celite.  As  both  are 
solid  solutions  and  not  definite  compounds, 
their  composition  is  not  constant,  but  varies 
within  the  limits  of  solubility  of  the  solute  in 
each  case.  Celite  appears  to  be  almost  inert, 
and  to  take  little  part  in  the  setting  of  the 
cement,  but  alite  is  decomposed  by  water,  and 
both  the  calcium  silicate  and  calcium  aluminate 
are  hydrated  according  to  the  following  equa- 
tions, in  which,  for  simplicity,  the  two  sub- 
stances are  dealt  with  separately  : — 

(1)  2(3Ca0*Si02)  + 9H20=2(Ca0Si02)5H20-t-4Ca(0H2). 

Tricalcium  silicate.  Hydrated  monocalcium  silicate. 

(2)  3Ca0*Al203-i-12H20=3Ca0*Al203l2H20. 

Tricalcium  aluminate.  Hydrated  tricaicium 

aluminate. 

It  will  be  seen  that  in  the  process  of  hydra- 
tion of  the  tricalcium  silicate,  two-thirds  of  the 
lime  are  liberated  and  appear  as  calcium  hy- 
droxide, and  in  consequence  this  substance  forms 
a large  proportion  of  Portland  cement  when  set ; 
although — accepting  the  tricalcium  silicate 
view — uncombined  lime  is  absent  from  Portland 
cement  as  it  comes  from  the  kihi. 

The  belief  that  tricalcium  silicate  is  the 
essential  constituent  of  Portland  cement  has 
been  disputed  on  the  ground  that  there  is  no 
{ conclusive  proof  of  the  existence  of  this  body  as 
I a definite  chemical  individual.  The  alternative 
theory  is  that  the  essential  constituent  is  di- 
calcium silicate  2Ca0*Si02,  associated  as  a solid 
solution  with  lime,  which  may  be  present  in 
amount  equal  to  that  occurring  in  the  tricalcium 
compound.  On  this  assumption,  the  equations 
written  above  would  still  stand  with  the  modifi- 
cation .that  this  part  of  the  lime  is  hydrated 
directly  on  setting,  instead  of  being  both 
liberated  and  hydrated  by  the  action  of  water. 
Whichever  view  may  be  nearer  the  truth,  it  is 
certain  that  set  Portland  cement  contains  large 
quantities  of  calcium  hydroxide,  a fact  which  has 
an  important  practical  bearing  in  the  use  of  the 
material,  as  will  be  shown  when  dealing  with 
puzzuolana. 

Since  the  time  when  this  idea  was  put  forward 
the  older  view  has  been  rehabilitated  by  the 
preparation  of  tricalcium  silicate  as  a definite 
compound,  and  that  it  and  tricalcium  aluminate 
are  the  two  substances  to  be  considered  as  the 
essential  constituents  of  cement.  It  follows 
j that  the  equations  originally  put  forward  by 
Le  Chatelier  may  be  taken  as  representing  the 
process  which  cement  undergoes  on  setting  : — 

3CaOSiO  2+ Aq = CaOSiO  22iH  2O + 2Ca(  OH)  2 
and 

3Ca0Al203+Ca(0H)2+-Aq-4Ca0Al203l2H20 

It  will  be  seen  that  the  hydration  of  the 
tricalcium  silicate  provides  ample  calcium 
hydroxide  for  the  production  of  tetracalcium 
aluminate,  and  as  stated  above  the  existence  of 
this  calcium  hydroxide  in  set  Portland  cement 
is  of  importance  when  siliceous  materials  such 
as  puzzolana  are  used  conjointly  with  cement. 


CEMENT. 


123 


Manufacture. — As  would  be  expected  from 
what  has  been  said  concerning  the  composition 
of  Portland  cement,  the  raw  materials  from 
which  it  can  be  prepared  are  of  the  most  varied 
description.  Chalk,  limestone,  or  any  other 
approximately  pure  form  of  calcium  carbonate 
on  the  one  side,  and  clay,  shale,  or  any  typical 
argillaceous  material  on  the  other,  can  be  mixed 
and  burned  together  to  produce  Portland  cement, 
provided  that  the  product  has  a composition 
falling  within  the  limits  already  laid  down.  It 
follows  naturally  that  substances  which  contain 
both  calcium  carbonate  and  clayey  matter,  such 
as  calcareous  shales  and  argillaceous  limestones, 
can  be  similarly  used.  On  this  account  and 
because  of  the  low  price  of  the  manufactured 
article  and  the  consequent  high  proportion 
which  freight  bears  to  the  total  cost  at  the  point 
of  consumption,  the  manufacture  of  Portland 
cement  is  not  confined  to  a particular  spot,  but 
is  successfully  undertaken  wherever  deposits  of 
suitable  raw  materials  occur,  provided  the  cost 
of  fuel  is  not  extravagantly  high.  But  although 
it  is  perfectly  practicable  to  manufacture  Port- 
land cement  from  a wide  range  of  raw  materials, 
yet  certain  of  these  possess  qualities  which  give 
them  a substantial  advantage.  The  large 
deposits  of  chalk  in  the  Thames  and  Medway 
district,  together  with  the  clay  in  the  form  of 
river  mud  adjacent  thereto,  make  this  region 
one  of  the  centres  of  the  industry  in  this  country. 
In  like  manner,  the  existence  of  huge  quantities 
of  argillaceous  limestone  in  Pennsylvania  has 
led  to  the  establishment  of  many  large  works  in 
that  State.  In  the  former  case,  the  chalk  and 
clay,  being  soft  materials,  can  be  readily  handled 
and  intimately  mixed,  and  in  the  latter  the 
mingling  of  the  calcareous  and  argillaceous 
ingredients  has  already  been  accomplished, 
and  a correct  composition  can  be  attained  by 
the  addition  of  a small  amount  of  pure  lime- 
stone. 

The  following  are  analyses  of  some  of  the 
raw  materials  commonly  employed  : — 


Chalk. 


Moisture  ..... 

Per  cent. 

. 19-03 

Sand  and  clay  .... 

. 0-93 

Combined  silica  (SiOg) 

. 0-43 

Ferric  oxide  A*  alumina  (FegOg+AlgOg) 

. 0-48 

Lime (CaO) ^ . . . . 

. 42-90 

Magnesia  (MgO)  .... 

. 0-42 

Carbonic  anhydride  (COg) 

. 34-16 

Alkalis,  organic  matter,  and  loss 

. 1-65 

Clay. 

Sand  ...... 

100-00 

Per  cent. 

. - 28-42 

Combined  silica  (SiO.J  . 

. 30-32 

Alumina  (AlgOg)  .... 

. 15-49 

Ferric  oxide  (FegOg) 

. 7-74 

Lime  (CaO)  .... 

. 2-04 

Magnesia  (MgO)  .... 

. 1-96 

Sulphuric  anhydride  (SO 3) 

. 1-96 

Combined  water  and  loss 

. 12-07 

100-00 

Limestone. 

Insoluble  silicious  matter 
Alumina -f  ferric  oxide  (AlaOa  + FegOs) 
Lime (CaO)  .... 
Magnesia  (MgO)  .... 
Carbonic  anhydride  (COg)  ^ . 
Combined  water  and  loss 


Per  cent. 
. 0-20 
. 0-08 
. 56-02 
. 0-24 

. 43-38 
. 0-18 


100-10 


Shale. 


Per  cent. 

Silica  (SiOJ 60-22 

Ferric  oxide + alumina  (Fe^Oa+AlaOa)  . 27-20 

Lime  (CaO) trace 

Magnesia  (MgO)  .....  1’62 

Carbonic  anhydride -j- water  (COa  + HgO)  4-54 
Alkalis  and  loss  .....  6-42 


100-00 


Silica  (SiO^)  .....  15-10 
Ferric  oxide  + alumina  (FenOo  + AloO^)  . 7-30 

Lime  (CaO)  . . . . . 42-16 

Magnesia  (MgO)  .....  0*34 

Carbonic  anhydride  (COg)  . ■ • 33-51 

Water,  alkalis,  and  loss  . . .1  ‘59 


100-00 

Whatever  may  be  the  raw  materials,  the  first 
step  in  the  manufacture  of  Portland  cement  is 
to  secure  their  comminution  and  intimate  ad- 
mixture. It  must  be  understood  that  a,s  the 
process  of  burning  cement  involves  the  sintering 
but  not  the  fusion  of  the  materials,  these  two 
conditions  are  of  primary  importance.  The 
raw  materials  are  commonly  ground  so  that  they 
leave  a residue  of  less  than  10  p.c.  on  a 180  X 180- 
mesh  sieve,  and  intimacy  of  contact  is  secured 
by  mixing  the  materials  together  at  as  early  a 
stage  of  the  process  of  comminution  as  is  prac- 
ticable, and  in  addition  grinding  them  together. 

The  procedure  is  as  fiDllows  : In  the  case  of 
soft,  wet  raw  materials,  such  as  chalk  and  clay, 
the  two  substances  in  proportions  determined 
from  their  analysis  are  weighed  into  a wash  mill, 
which  is  a large  tank  in  wkich  a vertical  spindle 
having  radial  arms  from  which  depend  harrows 
is  caused  to  revolve.  Enough  water  is  added  to 
allow  the  materials,  when  well  beaten  up,  to 
form  a thick  cream  or  slurry,  which  is  mobile 
enough  to  flow  and  to  be  pumped.  The  slurry 
passes  through  screens  to  retain  stones  and  grit, 
and  is  ground  either  between  millstones  or  in 
more  modern  practice  in  a tube  mill,  which  is  a 
cylinder  made  of  steel  lined  with  a hard  material 
such  as  quartzite  blocks  and  partly  filled  with 
flint  pebbles.  The  cylinder  is  set  horizontally 
and  revolved,  the  slurry  being  fed  in  through  a 
trunnion  and  passing  out  at  the  other  end. 
During  its  passage  through  the  cylinder,  it  is 
ground  by  the  pebbles  which  are  continually 
raised  up  the  periphery  of  the  cylinder  and  con- 
tinually drop  back  through  the  liquid  mass, 
pounding  its  particles  on  the  lining  of  the  cylinder 
and  between  the  pebbles  themselves.  After  being 
thus  ground,  the  slurry  flows  into  large  reservoirs, 
called  dosage  tanks,  where  it  is  sampled  and 


' Corresponding  with  calcium  carbonate  (CaCOo) 
76-60  p.c. 


^ Corresponding  with  calcium  carbonate  (CaCOg) 
98-36  p.c. 
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analysed  and,  if  necessary,  its  composition  is 
corrected  by  the  addition  of  more  chalk  or  clay. 
In  the  early  days  of  the  industry,  the  slurry  was 
prepared  with  so  large  a proportion  of  water  as 
to  be  a thin  cream  from  which  the  water  was 
allowed  to  settle  in  large  tanks,  the  supernatant 
water  being  drawn  off  and  the  deposited  solids 
dug  out  when  they  had  arrived  at  the  con- 
sistency of  mud,  and  this  method  is  still  occa- 
sionally practised.  Usually,  however,  the 
quantity  of  water  used  is  the  least  that  will 
allow  the  slurry  to  flow  (35  to  50  p.c.  of  the  weight 
of  the  slurry,  according  to  the  nature  of  the  raw 
materials), adequate  mixture  being  thus  obtained 
and  the  delay  and  cost  of  double  handling 
avoided.  The  next  step  is  to  dry  and  burn  the 
slurry  to  clinker.  The  modern  method  combines 
these  operations,  the  slurry  being  pumped  into 
the  upper  end  of  a rotatory  kiln  {see  below), 
where  it  is  dried  and  burned  as  it  travels  down 
the  kiln.  Before  the  invention  of  the  rotatory 
kiln,  drying  was  effected  either  by  the  heat  of 
coke  ovens  used  for  manufacturing  the  coke 
needed  in  the  subsequent  burning  or  by  the 
waste  heat  of  chamber  kilns  (see  below),  the  mass 
thus  dried  cracking  into  rough  cakes  suitable 
for  loading  into  the  kiln.  Where  the  kiln  was 
of  a type  which  provided  no  surplus  heat,  the 
slurry  was  dried  independently,  crushed,  and 
moistened  with  a little  fresh  slurry,  moulded 
iii^o  bricks,  redried  and  burnt.  The  choice 
among  these  various  procedures  depends  on 
the  kind  of  kiln  for  which  the  slurry  is 
destined.  | 

When  dry  raw  materials  such  as  limestone 
and  shale  are  used,  they  are  crushed  in  a stone 
breaker  or  between  rollers,  according  to  their 
hardness,  any  moisture  such  as  quarry  water  or 
damp  from  exposure  to  weather  being  removed 
by  passing  through  rotating  cylinders,  heated  by 
flue  gases,  or  by  an  independent  fire  or  in  towers 
through  which  hot  air  is  blown,  and  are  ground 
together  in  the  calculated  proportions.  The 
grinding  is  performed  by  ball  mills,  consisting  of 
a drum  lined  with  perforated  steel  plates  and 
partly  filled  with  steel  balls,  followed  by  a tube 
mill,  such  as  has  been  described  above,  or  in 
mills  of  the  Huntingdon  class,  in  which  rollers 
depending  from  spindles  attached  to  a vertical 
axle  are  driven  outwards  by  centrifugal  force  as 
the  spindle  is  rotated  and  bear  against  a steel 
grinding  ring  between  which  and  the  rollers  the 
material  is  ground.  It  will  be  understood  that 
many  different  forms  of  comminuting  apparatus 
can  be  and  are  used  in  cement  works,  according 
to  the  nature  of  the  material.  Discussion  of 
their  relative  merits  would  be  out  of  place  in  an 
article  of  this  kind.  The  dry  raw  materials  are 
fed  as  powder  (often  slightly  damped  to  prevent 
dust)  direct  into  a rotatory  kiln  or  are  moistened 
sufficiently  to  allow  them  to  be  moulded  into 
bricks,  dried  and  burnt  in  one  of  the  kinds  of 
fixed  kiln.- 

Although  wet  raw  materials  are  naturally 
ground  wet,  and  dry  raw  materials  are  ground 
dry,  yet  occasionally  dry  raw  materials  are 
ground  wet,  it  being  maintained  by  some  that 
any  extra  expenditure  of  heat  to  drive  off  the 
water  added  is  compensated  for  by  the  more 
intimate  admixture  of  the  raw  materials  and  the 
ease  with  which  the  slurry  may  be  conveyed  by 
being  pumped  or  allowed  to  flow  in  contrast  to 


dry  raw  materials  which  require  elevators, 
worm  conveyors  and  similar  mechanism. 

The  raw  materials  finely  ground,  intimately 
mixed  and  in  correct  proportion  (containing  in 
most  cases  about  75  p.c.  of  calcium  carbonate 
calculated  on  the  dry  substance,  the  balance 
being  the  clayey  constituents)  are  burnt  to 
cement  clinkers  in  various  types  of  kiln. 

The  earliest  was  the  bottle  kiln,  a dome- 
shaped brick  structure  lined  with  fire  bricks, 
having  a short  chimney  and  a grate.  The 
lumps  of  dried  slurry  were  loaded  into  this, 
mixed  with  coke,  and  the  charge  fired  and  allowed 
to  burn  out,  the  products  of  combustion  escaping 
at  the  top  of  the  kiln.  An  improvement  on  this 
is  the  chamber  kiln  shown  in  Fig.  1.  It  is 
a cup-shaped  structure,  lined  with  fire  brick,  in 
which  the  dried  slurry  and  coke  are  placed  in 
layers,  communicating  with  a wide  flue,  which 
forms  a floor  on  to  which  wet  slurry  can  be  run, 
the  far  end  of  the  flue  being  connected  with  a 
chimney  stack.  The  hot  gases  from  the  kiln 
proper  pass  over  the  slurry  and  dry  it,  so  that  a 
charge  is  ready  when  the  previous  one  is  burnt. 
An  ordinary  chamber  kiln  will  produce  about 
30  tons  of  clinker  per  run,  which,  including 
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loading  and  discharging,  usually  takes  a week, 
and  it  will  burn  40-50  p.c.  of  coke,  reckoned  on 
the  weight  of  clinker  produced.  The  coke  is 
generally  bought  from  gas  works,  though 
formerly  coke  ovens  were  in  use  at  the  cement 
works  themselves,  the  products  other  than  coke 
being  v^^asted.  As  the  coke  and  raw  materials 
are  mixed  in  the  kiln,  the  ash  of  the  coke  appears 
in  the  finished  cement,  raising  the  proportion  of 
silica  appreciably  ; on  this  account  it  is  cus- 
tomary to  use  raw  materials  containing  a higher 
percentage  of  calcium  carbonate  in  a kiln  of  this 
land  than  in  one  in  which  the  whole  of  the  ash 
is  not  retained,  so  as  to  compensate  for  the  added 
silicious  matter,  but  even  with  this  precaution 
the  product  is  irregular,  the  ash  attaching  itself 
chiefly  to  the  outside  of  the  clinker  and  not 
penetrating  to  the  centre  of  the  lumps.  It  is 
impracticable  to  burn  the  material  uniformly. 
Parts  will  be  almost  fused,  parts  merely  lightly 
calcined  and  decarbonated,  barely  sintered  and 
not  truly  clinkered,  while  yet  other  parts  will 
have  attacked  the  silicious  lining  of  the  kiln, 
forming  with  it  a sort  of  slag.  Hence  it  is 
necessary  to  pick  the  charge  when  it  is  drawn, 
rejecting  the  underburnt  and  the  slagged 
material,  and  on  the  perfection  of  this  picking 
the  quality  of  the  finished  cement  largely 
depends. 

The  shaft  kiln  is  another  type  of  fixed  kiln 
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in  which  the  fuel  is  mixed  with  the  raw  material. 
There  are  various  forms  of  shaft  kiln,  but  the 
principle  is  the  same  in  all  cases,  the  raw  material 
and  fuel  proceeding  vertically  down  a shaft  to  a 
point  where  combustion  occurs,  and  passing  from 
this  down  a continuation  of  the  shaft  to  a 
drawing  hole  from  which  the  clinker  can  be  ex- 
tracted. Loading  and  drawing  proceed  regu- 
larly, the  kiln  working  continuously  instead  of 
intermittently,  as  does  the  chamber  kiln.  The 
working  is  regenerative  in  the  sense  that  the 
products  of  combustion  from  the  burning  zone 
pass  up  through  the  unburnt  raw  material,  which 
is  thereby  heated  and  the  air  for  combustion  flows 

through  the  hot 
clinker  in  the  lower 
part  of  the  kiln, 
and  thus  is  heated 
before  taking  part 
in  the  combustion. 
The  Schneider  and 
the  Aalborg  kiln 
are  examples  of  this 
type,  the  latter  is 
shown  in  Fig.  2. 
Another  well- 
known  shaft  kiln 
with  the  modifica- 
tion that  the  upper 
and  lower  parts  of 
the  shaft  are  not  in 
the  same  vertical 
line,  is  the  Diets  ch 
kiln  (Fig.  3).  In 
this,  the  heated  raw 
material  is  received 
on  a stage  between 
the  upper  and  lower 
part  of  the  shaft 
and  passes  thence 
into  the  burning 
zone.  In  the  illus- 
tration, two  such 
kilns  are  shown, 
built  back  to  back. 
There  are  various 
modifications  of  the 
shaft  kiln  differing 
in  details  of  design, 
some  working  with 
forced  draught. 
From  their  re- 
generative 
mode  of  work- 
ing, they  are 
economical  of 

fuel,  but  require  a good  deal  of  moderately 
skilled  labour  and  give  a product  mixed  with 
the  ash  of  the  fuel  and  requiring  picking. 

The  Hoffmann  or  ring  kiln  (Fig.  4),  largely 
used  for  brick  making,  is  also  used  in  the  manu- 
facture of  cement.  The  materials  are  moulded 
into  rough  bricks,  and  these  are  stacked  in 
chambers  arranged  round  a chimney  which 
serves  them  all.  Fuel  is  distributed  between  the 
blocks,  and  the  working  of  the  kiln  is  systematic, 
continuous,  and  regenerative.  Passage  from 
one  chamber  to  another  and  to  the  chimney 
can  be  controlled,  and  thus  burning  can  be 
carried  on  in  one  chamber  while  the  air  for  com- 
bustion flows  in  through  hot  clinker  in  chambers 
in  which  burning  has  been  finished  and  the 


Fig.  2. — Aalborg  Kiln, 


hot  gases  from  the  burning  chamber  heat  the 
raw  material  in  chambers  ahead  of  it  on  their 
way  to  the  chimney,  the  chamber  representing 
the  locus  of  combination  continually  shift- 
ing forward  step  by  step  all  round  the  ring.  As 
might  be  expected,  this  kiln  is  economical  of  fuel, 
but  costly  in  labour  for  loading  and  unloading 


Fig.  3. — Dietsch  Kiln. 


the  chambers,  and  yields  a product  lacking 
uniformity. 

In  modern  practice,  these  various  kinds  of 
fixed  kiln  have  been  displaced  by  the  rotatory 
kiln,  which,  though  originating  in  this  country, 
was  brought  to  a working  success  in  the 


Fig.  4. — Hoffman  Kiln. 


United  States,  and  began  to  be  adopted  here 
and  on  the  Continent  about  1898.  This 
kiln  is  a steel  cylinder  lined  with  fire  brick, 
set  at  a small  angle  with  the  horizontal,  and 
capable  of  being  slowly  rotated  round  its  axis. 
At  the  upper  end  the  raw  material  is  fed  in,  and 
at  the  lower  is  a burner  sufficiently  powerful  to 
reach  a clinkering  temperature  (about  1400°  C.). 
As  the  cylinder  rotates,  the  raw  material  travels 
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down  the  cylinder  on  account  of  the  inclination, 
and  on  its  journey  is  gradually  raised  in  tempera- 
ture until  it  reaches  the  lower  end,  where  it  is 
clinkered  and  drops  out.  The  process  is  con- 
tinuous, systematic,  and  to  a considerable 
extent  regenerative.  The  labour  required  is 
small  and  the  output  large  per  unit  of  plant. 
A large  proportion  of  the  fuel  ash  passes  through 
the  kiln  without  attaching  itself  to  the  raw 
material,  and  such  portion  as  remains  is  in- 
corporated with  the  raw  materials  and  forms 
part  of  the  finished  product  instead  of  being 
largely  confined  to  the  surface  of  the  clinker, 
as  is  the  case  with  the  product  from  fixed  kilns. 
When  burning  is  carried  out  properly,  the  whole 
of  the  product  is  uniformly  clinkered  and  needs 
no  picking,  but  may  need  quenching. 

The  earlier  rotatory  kilns  were  some  60  feet 
long  and  6 feet  external  diameter.  At  the 
present  time,  an  ordinary  size  is  200  X feet 
and  larger  have  been  made  and  used.  The 
output  of  a single  kiln  of  this  size  is  as  much  as 
1000  tons  a week,  according  to  its  size,  as  com- 
pared with  30  to  70  tons  a week  for  a fixed  kiln. 
A rotatory  kiln  is  run  as  nearly  as  possible 
da}^  and  night,  including  Sundays,  throughout 
the  year,  stoppages  being  made  only  for  repairs 


or  to  patch  the  coating  of  clinker  which  forms 
on  the  fire-brick  lining  of  the  kiln  (Fig.  5).  The 
kiln  was  formerly  of  uniform  diameter,  but 
modern  designs  are  of  larger  diameter  at  the 
burning  end,  so  as  to  provide  a wider  portion 
at  the  place  where  combustion  is  at  its  height. 
The  earliest  form  of  rotatory  kiln  which  ap- 
proached success,  was  fired  with  producer  gas, 
but  many  difficulties  arose  in  the  use  of  this  fuel, 
and  although  the  idea  has  merits  and  has  been 
revived,  it  has  not  reached  fruition.  Oil  burners, 
like  a large  blast  lamp,  having  the  oil  sprayed  in 
by  steam  or  compressed  air,  are  used  with  com- 
plete success  wherever  oil  is  cheap  enough,  but  as 
the  cost  is  too  high  in  most  countries,  powdered 
coal  is  the  standard  fuel.  Coal,  preferably 
bituminous,  and  containing  a moderate  amount 
(10  p.c.)  of  ash  when  well  dried  and  very  finely 
powdered,  can  be  used  to  form  a sort  of  blowpipe 
flame  much  as  if  it  were  a fluid,  the  powder  being 
driven  into  the  kiln  by  a blast  of  air  and  issuing 
from  a jet  much  as  gas  might  do,  and  burning 
there  in  a supply  of  secondary  air  supplied  to  the 
space  around  the  jet  and  preferably  pre-heated. 
In  actual  working,  these  conditions  are  realised  in 
the  following  way  : Small  coal  is  dried  in  a 
rotatory  drier  heated  by  an  independent  fire  or 


by  the  kiln  gases.  It^is  powdered  very  finely 
so  as  to  leave  not  more^than  5 p.c.  residue  on  a 
sieve  having  180x180  meshes  per  square  inch. 
This  powdered  fuel  is  fed  from  a hopper  into  a 
pipe  through  which  air  is  driven  by  an  air 
compressor  or  a fan,  and  issues  from  the  mouth 
of  this  pipe,  which  passes  through  a shield  or 
screen  covering  the  lower  end  of  the  kiln,  as  a 
jet  of  dry  finely  powdered  combustible  matter 
carried  by  a blast  of  air,  insufficient  for  its  com- 
bustion and  serving  chiefly  as  a means  for  its  pro- 
pulsion in  the  form  of  a jet.  This  jet  is  set  into 
the  mouth  of  the  kiln  and  pointing  towards  the 
far  end.  Air  for  the  combustion  is  drawn  in  by 
the  draught  of  the  chimney  stack,  with  which  the 
upper  end  of  the  kiln  communicates,  and  on  its 
way  passes  through  a rotating  cylinder  down 
which  is  proceeding  the  red-hot  clinker  issuing 
from  the  kiln,  absorbing  a portion  of  that  heat, 
and  carrying  it  to  the  place  of  combustion.  By 
these  means  a powerful  jet  of  flame  is  produced, 
the  temperature  of  which  is  ample  for  clinkering. 

Either  dry  or  wet  raw  materials  can  be 
burned  in  a rotatory  kiln.  Dry  materials  are 
fed  in  by  a screw,  the  mass  being  usually  slightly 
damped  by  a small  proportion  of  water  in  the 
trough  in  which  the  screw  works,  so  that  the 
fine  dusty  particles  are  not  carried  away  by  the 


* draught  of  the  kiln.  Wet  raw  materials  are 
simply  allowed  to  flow  in  from  a trough  in  which 
the  height  of  the  slurry  is  maintained  constant 
by  a device  such  as  a pump  more  than  capable  of 
the  maximum  flow,  the  surplus  being  returned  by 
a by-pass.  The  water,  about  40  p.c.  of  the 
weight  of  the  slurry,  is  evaporated  by  the  hot 
gases  coming  from  the  lower  end  of  the  kiln,  and 
the  dried  slurry  forms  itself  into  small  nut-like 
masses  as  it  rolls  round  the  inside  of  the  cylinder. 
These  travel  slowly  downwards  in  a spiral  path, 
and  their  temperature  rises  until  the  calcium 
carbonate  is  decomposed,  the  clay  is  dehydrated, 
and  union  begins  between  the  acid  and  basic 
oxides,  the  silica,  alumina,  and  ferric  oxide  acting 
in  the  first  and  the  lime,  magnesia  and  alkalis 
in  the  second  sense,  until  finally  the  material 
becomes  slightly  plastic,  and  full  combination  is 
effected  at  a point  near  the  lower  end  of  the 
kiln,  where  the  temperature  is  highest.  The 
white-hot  clinker  passes  into  a cooler,  such  as 
the  rotating  inclined  cylinder  already  mentioned 
in  connection  with  the  heating  of  the  air  neces- 
sary for  combustion,  where  it  is  often  sprinkled 
with  water  for  the  double  pui’pose  of  completing 
its  cooling  and  of  hydrating  any  lime  which 
may  not  have  been  perfectly  combined  in  the 
kiln. 
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With  dry  raw  materials  the  course  of  opera- 
tions is  the  same,  save  that  only  the  small 
quantity  of  water  used  to  prevent  dust  has  to 
be  evaporated. 

On  account  of  the  fact  that  cement  clinker 
is  a basic  material  and  that  fire  brick  is  an  acid 
substance,  using  those  words  in  the  ordinary 
metallurgical  sense,  interaction  may  occur 
between  these  at  a clinkering  temperature,  and 
a slag  may  be  produced.  Any  overheating  will 
cause  the  rapid  formation  of  this  slag,  with  the 
result  that  the  clinker  will  be  spoiled  and  the 
lining  destroyed.  But  if  the  burning  is  properly 
conducted,  the  action  is  not  uncontrollable,  and 
further  can  be  prevented  by  the  device  of  heating 
down  the  slightly  plastic  clinker  on  to  the  fire- 
brick lining,  so  that  it  adheres  and  itself  forms 
the  true  lining,  to  which,  of  course,  the  rest  of  the 
clinker  is  chemically  indifferent.  The  coating 
breaks  away  from  time  to  time,  and  needs  to  be 
patched  by  beating  down  fresh  clinker  on  the 
fire  brick  thus  left  bare.  Linings  of  less  acid 
substances  such  as  bauxite,  and  basic  linings 
such  as  magnesia  bricks,  have  been  tried,  but  all 
present  some  practical  defect  which  makes  them 
less  suitable  than  fire  brick  used  in  the  way 
described. 

Good  well-burnt  clinker,  whether  made  in  a 
fixed  or  rotatory  kiln,  is  a hard  rock-like  mass 
of  dark  colour,  varying  from  brown  to  almost 
black.  The  pieces  of  clinker  from  fixed  kilns 
are  chiefly  rough  lumps  of  similar  size  to  that  of 
the  blocks  of  raw  material,  and  need  a pre- 
liminary crushing  in  a stone  breaker  before  they 
can  be  ground  The  product  from  a rotatory 
kiln  is  in  the  form  of  small  rounded  masses, 
varying  in  size  from'  a pea  to  a walnut.  Some- 
times a number  of  these  will  stick  together, 
making  a mass  a foot  or  more  in  diameter,  but 
the  bulk  of  the  product  is  small  enough  to  be 
ground  without  previous  crushing. 

Grinding  is  effected  in  machines  similar  to 
those  used  for  preparing  the  raw  materials.  Ball 
and  tube  mills  and  mills  of  the  Griffin  and  Hunt- 
ingdon class  are  in  most  general  use,  millstones, 
such  as  were  used  for  grinding  corn,  having  been 
superseded  on  account  of  their  small  output  and 
heavy  upkeep.  The  clinker  is  ground  to  cement 
having  a residue  of  not  more  than  14  p.c.  on  a 
180  X 180-mesh  sieve,  and  is  conveyed  mechani- 
cally to  warehouses  where  it  is  stored  and  bagged 
or  filled  into  casks.  In  a modern  works,  the 
whole  operation  from  the  reception  of  the  raw 
materials  to  the  filling  of  the  bags  is  conducted 
almost  wholly  mechanically,  manual  labour 
being  eliminated  as  completely  as  possible,  an 
object  easily  attained  with  rotatory  kilns,  which 
do  not  require  to  be  loaded  and  unloaded  by 
hand. 

Testing  Portland  cement.  The  quality  of 
Portland  cement  and  its  suitability  for  building 
purposes  is  ascertained  by  various  mechanical 
tests  and  by  its  chemical  analysis.  The  analysis 
shows  whether  the  constituents  fall  within  the 
recognised  limits  stated  above,  and  detects  the 
presence  of  such  adulterants  as  blast  furnace 
slag  or  Kentish  rag  (a  silicious  limestone),  which 
differ  widely  from  cement  in  composition  or 
contain  some  characteristic  constituent  such  as 
calcium  sulphide,  which  is  almost  or  wholly 
absent  from  Portland  cement.  But  as  it  is  im- 
practicable to  make  a proximate  analysis  of 


Portland  cement,  the  ordinary  analytical  figures 
will  not  indicate  whether  the  raw  materials  have 
been  sufficiently  intimately  mixed  and  suffi- 
ciently thoroughly  burnt  to  form  those  cementi- 
tious substances  constituting  sound  and  service- 
able Portland  cement.  This  question  can, 
however,  be  satisfactorily  settled  by  physical 
and  mechanical  tests. 

Codes  of  testing  are  in  common  use  in  all 
eountries,  and  the  following  are  the  principal 
requirements  of  the  British  Standard  Specifi- 
cation : — 

The  fineness  to  which  the  cement  has  been 
ground  is  a useful  indication  of  quahty,  inasmuch 
as  the  coarser  parts  hydrate  so  slowly  as  to  be 
of  little  or  no  cementitious  value. 

The  residue  on  a sieve  180x180  = 32,400 
meshes  per  square  inch,  shall  not  exceed  14  p.c. 

The  residue  on  a sieve  76x76=5776  meshes 
per  square  inch,  shall  not  exceed  1 p.c. 

The  specific  gravity  of  cement  is  a useful 
criterion,  and  shall  not  be  less  than  3’10.  If 
below  the  normal  value,  say  3’10  to  3'15,  accord- 
ing to  the  degree  of  aeration  to  which  it  has  been 
subjected,  it  may  generally  be  inferred  that  the 
cement  has  been  underburnt. 

The  mechanical  strength  of  cement  is  deter- 
mined by  ascertaining  the  tensile  strain  of 
briquettes  of  1 square  inch  section  made  of  neat 
cement,  and  also  of  cement  mixed  with  three 
times  its  weight  of  standard  sand. 

The  breaking  strength  of  the  neat  briquettes 
7 days  after  gauging  shall  not  be  less  than 
450  lbs.  per  square  inch,  and  of  the  sand 
briquettes  200  lbs.  per  square  inch. 

The  breaking  strength  of  the  briquettes  at 
28  days  after  gauging  shall  show  an  increase  on 
the  breaking  strength  at  7 days,  and  shall  be  not 
less  than  the  number  of  lbs.  per  square  inch  of 
section  arrived  at  from  the  following  formulae  for 
neat  and  sand  briquettes  respeetively  : — 

Breaking  strength  at  7 days 

_j_  40,000  lbs. 

Breaking  strength  at  7 days 
Breaking  strength  at  7 days 

^ 10,000  lbs. 

Breaking  strength  at  7 days 

The  setting  time  of  cement  is  useful  in  aiding 
ehoice  of  a cement  for  a given  class  of  work. 
Three  distinct  graduations  of  time  of  setting  are 
arranged  for,  designated  as  : ‘ quick,’  ‘ medium  ’ 
and  ‘ slow,’  rangmg  from  10  minutes  to  7 hours. 

Finally,  the  soundness  of  cement,  that  is,  its 
constancy  of  volume  when  set  and  consequent 
freedom  from  tendency  to  expand  in  the  work 
of  which  it  forms  part,  and  thus  to  subject  the 
work  to  internal  stresses  sometimes  so  great  as 
to  cause  its  destruction,  can  be  determined  by 
observing  the  alteration  of  volume  and  con- 
dition of  test  pieces  made  of  the  cement  and 
kept  under  conditions  designed  to  develop  and 
accelerate  any  latent  tendency  of  the  kind.  The 
test  is  carried  out  by  means  of  the  Le  Chatelier 
apparatus,  which  consists  of  a small  split 
cylinder  of  spring  brass  or  other  suitable  metal 
forming  a mould  30  mm.  diameter  and  30  mm. 
high.  On  either  side  of  the  split  is  attached  an 
indicator  150  mm.  long  with  pointed  end.  The 
mould  is  filled  with  neat  cement  gauged  in  the 
usual  manner  and  placed  under  cold  water  for 
i 24  hours.  It  is  then  boiled  in  water  for  6 hours  ; 
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any  alteration  in  tlie  distance  between  the  points 
is  an  indication  of  the  constancy  of  volume  of 
the  cement.  The  expansion  should  not  exceed 
10  mm.  when  the  sample  has  been  aerated  for 
24  hours,  or  5 mm.  after  the  sample  has  been 
aerated  for  7 days. 

The  specifications  in  use  on  the  Continent 
and  in  America  are  similar  to  the  British 
Standard  specification  as  regards  their  aim, 
which  is  to  ensure  that  the  cement  shall  be 
mechanically  strong  and  chemically  stable. 
The  tests  themselves  are  also  generally  similar, 
the  chief  differences  concerning  the  use  of  com- 
pressive as  well  as  tensile  tests  and  variations 
in  the  mode  of  determining  the  soundness  of  the 
cement. 

Other  cements  of  the  Portland  class.  Boughly 
it  may  be  said  that  all  cements  made  by  burning 
a mixture  of  calcareous  and  argillaceous 
materials  are  of  the  Portland  cement  class, 
although  they  may  not  be  true  Portland  cement. 
Roman  cement  is  an  example.  It  was  manu- 
factured before  the  invention  of  Portland 
cement  by  calcining  the  nodules  of  indurated 
chalk  and  clay  called  septaria,  found  in  the  Isle 
of  Wight,  and  dredged  upon  the  Kent  and  Essex 
coasts.  On  burning,  without  any  preparation, 
these  nodules  give  a cement  having  a composition 
of  which  the  following  analysis  is  an  example  : — 

Per  cent. 


Silica  (SiOg)  . . . . . 19’62 

Insoluble  residue  . . . . .5*86 

Alumina  (AI2O3)  . . . . 10*30 

Ferric  oxide  (Fe203)  ....  7*44 

Manganese  oxide  (MnO)  . . .1*57 

Lime  (CaO)  .....  44*54 
Magnesia  (MgO)  . . . . .2*92 

Sulphuric  anhydride  (SO3)  . . . 2*61 

Carbonic  anhydride  (CO 2)  - . . 3*43 

Water  (HoO)  .....  0*25 

Alkalis  and  loss  . . . . .1*46 


100*00 

Roman  cement  has  been  almost  wholly  re- 
placed by  Portland  cement.  It  is  reddish  in 
colour  and  very  quick-setting,  this  property 
making  it  useful  for  work  which  has  to  be 
exposed  to  water  immediately  after  it  is  laid. 

Various  marls  contain  chalk  and  clay  in 
about  the  proportion  necessary  to  constitute 
Portland  cement.  These  are  burnt  without 
preparation  and  form  what  is  known  as  ‘ natural 
cement.’  Cement  of  this  sort  is,  of  course, 
irregular  in  composition  and  is  apt  to  be  un- 
sound. If  well  slaked  before  use,  it  is  a service- 
able material  of  its  class.  Magnesian  limestones 
containing  argillaceous  matter,  are  largely  used 
in  the  United  States  for  making  natural 
cement.  The  following  is  an  example  of  their 
composition  : — 


Silica  (SiO°) 22*77 

Alumina + Ferric  oxide  (Al203-1-Fe203)  . 10*43 
Lime  (CaO)  .....  34*54 
Magnesia  (MgO)  . . . . .21*85 

Sulphuric  anhydride  (SO3)  • • • 1*44 

Carbonic  anhydride  (CO2)  • • • 2*84 

Alkalis  . . . . . .3*63 

Water  and  loss  . . . . .2*50 


Hydraulic  limes  are  cements  of  the  Portland 
class,  and  are  made  by  burning  limestones  con- 
taining sufficient  clayey  matter  to  yield  the 
calcium  silicates  and  aluminates  necessary  in 
hydraulic  cement.  There  are  two  types,  with 
many  gradations  between  them.  The  first  is 
Chaux  de  Teil,  made  by  burning  a limestone 
containing  silica  so  finely  divided  and  so  evenly 
distributed  that  it  unites  almost  completely 
with  the  lime  without  the  aid  of  any  considerable 
quantity  of  fluxing  constituents,  such  as  alumina 
and  oxide  of  iron.  Its  composition  is  shown 
below  : 

Insoluble  residue  . 

Silica  (SiOg) 

Alumina  (AI2O3)  . 

Ferric  oxide  (FeaOg) 

Lime  (CaO) 

Magnesia  (MgO)  . 

Sulphuric  anhydride  (SO 3) 

Carbonic  anhydride  (CO 9) 

Water  (H2O) 

Alkalis  and  loss  . 


Per  cent. 
. 0*62 
. 22*10 

•|  1*82 

*.  66*72 
. 1*17 

. 0*49 

. 0*64 

. 5*36 

. 1*08 


100  00 


The  second  instance  is  afforded  by  the 
hydraulic  lime  prepared  from  blue  lias  limestone 
occurring  in  the  Rugby  district,  near  Lyme  Regis 
and  by  Aberthaw.  In  this  material,  the  pro- 
portion of  alumina  is  much  higher  relatively 
to  the  silica  than  in  the  case  of  the  Chaux 
de  Teil.  An  example  of  its  composition  is 
appended  : 

Per  cent. 


Insoluble  residue  .....  2*39 

Combined  silica  (Si02)  . . . .14*17 

Alumina  (AlgOg)  .....  6*79 

Ferric  oxide  (Fe203)  ....  2*34 

Lime  (CaO)  .....  63*43 

Magnesia  (MgO)  .....  1*54 

Sulphuric  anhydride  (SO3)  . . .1*63 

Carbonic  anhydride  (COo)  . . . 3*64 

Water  (HgO)  .....  2*69 

Alkalis  and  loss  . . . . . 1 *38 


100*00 

As  it  is  not  designed  in  the  case  of  hydraulic 
limes  to  cause  complete  union  of  the  acid  and 
basic  oxides,  they  invariably  contain  free  lime 
which  needs  to  be  slaked.  This  is  done  systema- 
tically by  the  manufacturer  of  lime  of  the  Chaux 
de  Teil  class,  but  is  not  generally  practised  in  this 
country,  the  operation  being  performed  by  the 
user.  In  either  case,  perfect  slaking  is  necessary 
because  any  negligence  in  this  respect  will  lead 
to  expansion  in  the  work  of  which  the  lime 
forms  part,  and  the  slaking  must  be  accom- 
plished in  such  a way  that,  whilst  the  free  lime 
is  slaked,  the  cementitious  compounds  remain 
untouched. 

Cements  made  from  blast-furnace  sla?.  Blast- 
furnace slag  granulated  by  being  run  into  water 
is  feebly  hydraulic  if  its  lime  content  is  suffi- 
ciently high.  It  is  used  as  a puzzuolana  {see 
below).  If  the  slag  is  mixed  with  limestone  so 
as  to  bring  its  composition  within  the  limits 
indicated  for  Portland  cement,  and  the  mixture 
is  burnt,  a product  is  obtained  which  is  as  much 
Portland  cement  as  if  it  had  been  made  from 
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chalk  and  clay.  There  is,  however,  a material  | 
made  in  Germany  and  known  as  Eisen-Port-  j 
land  cement,  which  consists  of  Portland  cement 
(often  made  from  blast  furnace  slag)  to  which 
some  25  p.c,  of  slag  has  been  added  after  the 
manufacture  of  the  Portland  cement  itself.  The  ! 
slag  added  has  a puzzuolanic  function  similar  to  I 
that  of  other  silicious  materials  which  are  some- 
times added  to  Portland  cement.  But  apart  j 
from  these  uses  of  slag,  various  patented  pro- 
ducts. of  which  Passow  cement  and  Collos 
cement  are  examples,  prepared  by  treating  liquid 
blast  furnace  slag  in  such  a way  that  it  becomes 
definitely  hydraulic  and  will  set  and  resist  the 
action  of  water  as  does  Portland  cement,  are 
manufactured.  Processes  for  making  these 
cements  generally  consist  in  suddenly  cooling  the 
liquid  slag  and  in  adding  to  it,  at  the  moment 
of  cooling,  small  quantities  of  some  extraneous 
material  such  as  salts  of  magnesium  or  the 
alkalis.  The  cause  of  the  action  of  the  mode 
of  cooling  and  of  the  addition  is  obscure,  but  the 
fact  remains  that  in  this  manner  blast-furnace 
slag,  which  untreated  is  relatively  inert,  is  con- 
verted into  a true  hydraulic  cement. 

Puzzuolanic  cements.  Except  for  limes  which, 
being  made  from  a silicious  limestone,  happened 
to  possess  hydraulic  properties,  the  earliest  kind 
of  hydraulic  cement  was  made  from  ordinary 
lime  mixed  with  a puzzuolana,  that  is,  a silicious 
material  sufficiently  active  to  combine  with  the 
lime  and  form  a cementitious  silicate.  Natural 
puzzuolanas  are  volcanic  in  origin,  the  deposits 
known  as  Roman  and  Neapolitan  puzzuolana, 
santorin  earth,  and  trass  being  examples. 

Analyses  are  given  bifow  of  Roman  and 
Neapolitan  puzzuolanas  and  of  a similar  material 
from  Java  : 


— 

Neapo- 

litan 

puzzu- 

olana 

Roman 

puzzu- 

olana 

Java 

trass 

p.c. 

p.c. 

p.c. 

Insoluble  silicious  matter 

35-38 

25-94 

50-40 

Soluble  silica  (SiOg) 

Alumina -f  Ferric  oxide  AI2O3 

27-80 

32-64 

19-32 

-t-re203  .... 

19-80 

22-74 

16-96 

Lime (CaO) .... 

5-68 

4-06 

nil 

Magnesia  (MgO)  . 

0-35 

1-37 

0-13 

Sulphuric  anhydride  (SO3)  . 

Water -1- carbonic  anhydride 

trace 

trace 

— 

4-27 

8-92 

7-57 

Moisture,  alkalis,  loss  . 

6-72 

4-33 

5-62 

100-00 

100-00 

100-00 

Granulated  blast-furnace  slag,  broken  brick 
and  burnt  clay  are  artificial  puzzuolanas  some- 
times used  to  produce  hydraulic  cements  when 
added  to  ordinary  lime.  The  quantity  to  be 
added  can  be  calculated  on  the  assumption  that 
the  liberated  lime  combines  in  about  the  same 
proportion  with  the  active  silica  in  these  as  it 
does  with  the  silica  in  Portland  cement,  it  being 
understood  that  the  silicious  material  is  suffi- 
ciently finely  ground  to  unite  with  the  lime.  In 
practice,  puzzuolanic  materials  are  usually 
coarsely  ground,  and  only  a fraction  of  the  active 
silica  enters  into  combination,  the  balance  of  the 
puzzuolana  acting  merely  as  an  aggregate. 

From  what  has  been  said  concerning  the 
constitution  of  Portland  cement  and  the  forma- 
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tion  of  slaked  lime  by  its  hydration  in  setting,  it 
will  be  seen  that  there  is  a considerable  quantity 
of  calcium  hydroxide  unprovided  for  by  any 
acid  oxide.  It  follows  that  this  will  act  in  the 
same  way  as  ordinary  slaked  lime  in  combining 
with  any  active  silicious  substance,  and  hence 
that  puzzuolanas  can  be  employed  as  additions 
to  Portland  cement  which  are  useful  in  increasing 
its  content  of  cementitious  matter. 

Use  of  Portland  cement.  The  original  object 
of  manufacturing  Portland  cement  and  similar 
substances  was  to  obtain  a material  which  would 
both  set  and  would  resist  the  action  of  water. 
But  it  was  soon  found  that  the  great  mechanical 
strength  of  Portland  cement  made  its  use 
advantageous,  even  when  it  had  not  to  be 
exposed  to  water,  and  at  the  present  day  it  is 
the  structural  cement  par  excellence,  and  on 
account  of  the  great  decrease  in  cost  due  to 
modern  method  of  manufacture,  it  tends  to 
displace  all  other  building  cements,  including 
common  lime.  Its  largest  application  is  to 
form  concrete  by  cementing  together  any  cheap 
inert  stony  material  which  may  be  locally 
available,  and  by.  the  use  of  this  substance,  huge 
works  of  all  kinds  are  constructed  at  a cost 
much  inferior  to  that  of  the  same  work  in 
masonry.  It  has  been  found  that  Portland 
cement,  when  made  into  mortar  or  concrete, 
will  adhere  strongly  to  iron  and  steel  if  the  latter 
is  clean  and  not  too  smooth,  and  on  this  observa- 
tion the  preparation  of  the  material  known  as 
reinforced  concrete  is  based.  It  is  made  by 
constructing  a skeleton  of  mild  steel  rods,  often 
tied  together  by  steel  wire  and  filled  in  with 
Portland  cement  concrete,  the  steel  being  so 
disposed  as  to  take  the  tensile  stresses  in  the 
composite  structure.  It  fortunately  happens 
that  the  coefficients  of  expansion  by  heat  of 
ordinary  mild  steel  and  of  concrete  are  nearly 
identical,  and  thus  internal  stresses,  such  as 
j might  occur  where  two  diverse  materials  are 
! bonded  together  and  exposed  to  fluctuations  of 
temperature,  are  of  very  moderate  magnitude 
and  do  not  appreciably  influence  the  mechani- 
cal stability  of  the  product.  Although  on  the 
whole  a permanent  material,  Portland  cement 
may  be  injured  or  destroyed  under  various  con- 
ditions incidental  to  its  use.  Set  cement  is 
the  product  of  the  action  of  water,  but  it  is 
not  indifferent  to  the  further  action  of  water. 
The  products  of  the  hydration  of  Portland 
cement  and  its  congeners  are  calcium  hydroxide, 
which  is  soluble  in,  and  hydrated  calcium 
silicates  and  aluminates  which  are  decomposable 
by  water.  Therefore  when  water  has  free  access 
to  set  cement  and  can  flow  through  the  concrete 
or  mortar  of  which  it  forms  part,  the  cement 
is  dissolved  and  destroyed.  In  practice  good 
concrete  is  made  so  nearly  impermeable  that, 
except  under  heavy  pressure,  no  such  flow  occurs, 
but  if  the  concrete  is  loose  in  texture  and  the 
flow  of  water  correspondingly  easy,  destruction 
is  only  a matter  of  time.  When  the  water  con- 
tains salts  of  magnesium  or  calcium  sulphate, 
which  act  on  the  lime  in  the  one  case  and  on  the 
calcium  aluminate  in  the  other,  forming  part  of 
the  set  cement,  the  rate  of  destruction  is  much 
increased.  Thus  it  comes  about  that  in  all 
under- water  work,  and  more  particularly  in  sea 
water,  the  concrete  to  be  permanent  must  be 
impervious.  There  are  minor  and  local  causes 
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of  destruction  such  as  contact  with  waters  con- 
taining dissolved  gases,  e.g.  CO2  and  SO2,  com- 
petent to  act  on  the  calcareous  constituents  of 
cement,  but  in  general  the  failure  of  a concrete 
structure,  when  due  to  chemical  action  and  not 
to  roechanical  weakness,  can  be  traced  to  the 
flow  of  water,  and  usually  saline  water,  through 
the  fabric.  B.  B. 

CEMENTATION  v.  Iron. 

CEMENT  COPPER  v.  Copper. 

CEMENT  STEEL  Iron. 

_ CEMENTITE,  an  iron  carbide,  FcgC,  con- 
taining 6 ’9  p.c.  carbon,  is  an  important  consti- 
tuent of  cast  iron  and  steel  (Abel  and  Deering, 
Proc.  Inst.  Mech.  Engineers,  J 885,  30  ; Moissan, 
Compt.  rend.  122,  421).  In  steels  containing 
1*5  p.c.  or  more  of  carbon,  free  cementite  is 
found  crystallised  in  large  pseudo-hexagonal 
plates  (Groth,  Chem.  Krystallographie,  1906,  i.), 
and  in  practically  all  steels  it  exists  with  pure 
iron  {ferrite),  in  the  eutectic  mixture  called 
pearUte  (Ledebur,  Stahl  u.  Eisen,  1898,  742). 

It  is  very  brittle  and  harder  than  hardened 
steel  or  glass  (H.  =6)  (Muller,  Stahl  u.  Eisen, 
1898,  292),  and  its  presence  is  the  cause  of  the 
hardness  of  ‘ white  ’ or  ‘ chilled  ’ cast  iron. 
(Howe,  Metallographist,  1901,  177).  It  is 
recognised  under  the  microscope  by  its  hardness 
and  resistance  to  etching. 

As  cohenite,  it  is  present  in  meteorites 
(Weinschenk,  Ann.  Museum,  Wien,  1889,  4,  94). 

CEPHAELINE  v.  Ipecacuanha. 

CERADIA  V.  Oleo-rbsins. 

CERARGYRITE  or  Hornsilver.  Native 
silver  haloids,  Ag(Cl,Br,I),  occurring  as  small 
holohedral- cubic  crystals  and  as  compact  masses 
with  a horny  appearance  and  texture.  The 
material  is  soft  (II.=2|),  tough,  and  sectile,  and 
cuts  like  horn.  On  exposure  to  light,  it  quickly 
darkens.  The  name  ‘ hornsilber  ’ was  used  by 
C.  Gesner  in  1565,  and  the  Greek  form  cerar- 
gyrite  was  first  used  by  E.  S.  Beudant  in  1832. 
After  the  recognition  of  the  bromide  and  chloro- 
bromide  in  1841  and  1842,  the  name  cerargyrite 
came  to  be  applied  more  especially  to  the 
chloride.  But  as  the  different  members  of  the 
group  so  closely -resemble  one  another  that  they 
can  often  only  be  distinguished  by  analysis,  it 
is  more  expedient  to  include  them  as  sub-species 
under  the  name  cerargyrite  {see  Prior  and 
Spencer,  Mineralog.  Mag.  1902,  xiii,  174),  viz.  : 

Chlorargyrite,  AgCl.  Grey  or  colourless, 

sp.gr.  5 ‘556. 

Bromargyrite,  AgBr.  Greenish-grey. 

Embolite,  Ag(Cl,Br)^  Greenish-grey, 

lodembolite,  Ag(Cl,Br,I).  Greenish-yellow  to 

orange-yellow. 

Isomorphous  mixtures  are  the  rule,  and  of 
these  sub-species  embolite  {q.v.),  with  chlorine 
and  bromine  in  indefinite  proportions,  is  the 
most  abundant.  Large  quantities  of  these 
minerals  have  been  mined  as  silver  ores  in 
Mexico,  Chanarcillo  in  Chile,  and  Broken  Hill  in 
New  South  Wales.  They  occur  in  the  upper 
oxidised  zones  of  veins  of  silver  ore,  and  have 
no  doubt  been  formed  by  the  action  of  salt 
waters  percolating  from  above. 

Silver  iodide  forms  a distinct  mineral  {v. 
Iodyrite)  crystallising  in  the  hexagonal  system, 
but  at  a temperature  of  146°  it  passes  over  into  a 
cubic  modification/  L.  J.  S. 
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CEREALS.  The  cereals  are  the  fruits  or 
seeds  of  various  species  of  Gramineae.  In  all 
parts  of  the  world  they  constitute  the  most  im- 
portant food  of  mankind,  and  are  utilised  not 
only  for  bread  corn  and  the  feeding  of  stock, 
but  also  for  the  fabrication  of  a number  of 
fermented  drinks  and  industrial  products  like 
starch. 

The  most  widely  distributed  cereals  are 
wheat  and  barley,  which  grow  in  almost  all 
climates  ; oats  are  more  confined  to  northern 
latitudes  ; maize,  and  still  more  so  rice,  do  not 
ripen,  as  a rule,  north  of  45°  ; while  the  millets, 
sorghum,  and  durra  are  truly  tropical  or  sub- 
tropical in  their  habits. 

In  view  of  their  importance  as  food,  a very 
large  number  of  analyses  have  been  made  of  the 
various  cereals  grown  under  all  conditions,  and 
of  the  products  manufactured  from  them  ; the 
most  complete  sources  of  information  on  this 
point  are  Konig,  Chemie  der  menschlichen 
Nahr-  und  Genussm.  1903,  and  the  various 
publications  of  the  U.  S.  Hep.  of  Agric.,  Hiv.  of 
Chemistry,  particularly  Bull.  13  (1899),  9,  45, 
and  50. 

While  each  cereal  grain  possesses  its  own 
characteristic  composition,  subject  to  variations 
determined  by  climate,  season,  variety,  &c., 
they  have  still  a general  similarity  and  possess 
many  features  in  common.  The  predominant 
constituent  is  always  starch,  which,  together 
with  certain  closely  allied  carbohydrates — the 
amylans — and  a little  sugar,  forms  from  50  to  80 
p.c.  of  the  whole  grain.  Various  proteins  are  also 
present  in  inverse  ratio  to  the  carbohydrates  ; 
they  fall  as  low  as  6 p.c.  in  rice,  and  rise  to  20  p.c. 
in  some  varieties  of  wheat.  A small  quantity 
of  fat  or  oil  is  also  found,  most  abundantly  in 
maize  and  oats,  where  the  average  percentage  is 
about  5-6.  The  proportion  of  fibre  and  of  ash 
varies  very  greatly  according  to  whether  the 
grain  of  commerce  consists  of  the  naked  fruit 
alone,  as  in  wheat,  rye,  and  maize,  or  whether,  as 
in  barley  and  oats,  the  flowering  glumes  remain 
adherent  and  can  only  be  removed  by  subse- 
quent manufacturing  processes.  The  ash  of  the 
cereal  grains  shows  certain  marked  charaeter- 
istics  : "it  is  always  very  rich  in  phosphoric  acid, 
up  to  nearly  one-half  of  the  ash  when  the  grain  is 
naked ; potash  and  magnesia  predominate 
among  the  bases,  lime  and  soda  being  present  in 
but  small  amounts,  while  still  less  chlorine  or 
sulphuric  acid  (derived  from  organic  sulphur 
compounds)  are  to  be  found ; silica  is  almost 
absent  from  the  naked  grains,  but  may  con- 
stitute 5-20  p.c.  of  the  ash  of  these  grains 
possessing  an  adherent  husk. 

The  structure  of  all  cereal  grains  shows  the 
following  features  in  common  : in  addition  to 
the  chaffy  membranes  of  the  flower,  which  may 
or  may  not  be  adherent,  the  grain  proper  pos- 
sesses several  fibrous  coats  or  skins.  Within 
these  skins  at  the  end  of  the  grain  formerly 
attached  to  the  plant,  lies  the  embryo  or  germ, 
constituting  about  3 p.c.  of  the  whole,  but  the 
greater  part  of  the  seed  is  occupied  by  the 
starchy  endosperm,  the  outer  membrane  of  the 
embryo  which  abuts  against  the  endosperm  being 
known  as  the  scutellum.  The  endosperm 
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consists  of  a series  of  thin-walled  cells  tightly 
packed  with  starch  grains  enclosed  within  a 
thin  network  of  protein,  but  immediately  below 
the  skin  there  exists  a row  of  differently  shaped 
cells  known  as  the  aleurone  layer,  especially 
rich  in  protein.  It  will  now  be  convenient  to 
consider  the  cereals  separately. 

Wheat.  The  average  composition  of  wheat 
from  various  sources  is  given  in  Table  I.,  ex- 
tracted from  the  sources  above  quoted.  A ' 
number  of  other  analyses  may  also  be  found  in  i 


(1)  High  nitrogen  content  in  wheat  is  usually 
associated  with  a horny  translucent  grain,  hard- 
ness, and  strength  {i.e.  capacity  to  make  a large 
well-piled  loaf).  These  qualities  are  most 
markedly  seen  in  the  wheats  from  Manitoba, 
Kansas,  Hungary,  and  South  Russia,  where  the 
high  nitrogen  content  is  mainly  due  to  environ- 
ment but  partly  to  the  varieties  grown.  In 
England,  where  the  climate  tends  to  produce  a 
soft,  starchy  wheat,  it  is  found  that  variety  is 
the  chief  factor  in  determining  the  proportion  of 
nitrogen.  In  the  typical  English  wheats,  the 
variations  in  the  percentage  of  nitrogen  are 
small,  1-6  to  2-5  p.c.,  according  to  the  season,  but 
certain  wheats,  like  Rough  Chaff,  Red  Lammas 
and  Golden  Drop,  always  show  higher  per- 
centages of  nitrogen  than  others  like  Rivett, 
Square  Head’s  Master,  and  Stand  Up,  when 
grown  alongside  on  the  same  soil  and  in  the  same 
season.  Moreover,  a few  varieties  have  been 
found,  notably  Fife,  a wheat  of  Galician  origin 
but  widely  disseminated  in  Canada  and  the 
United  States,  which  retains  in  England  some- 
i thing  of  the  high  nitrogen  content  and  strength 
I characteristic  of  North-Western  America,  and 
I nearly  always  shows  a nitrogen  content  of  well 
I over  2 p.c.  {see  Hall,  J.  Board  Agric,  1904, 
11,  321  ; Humphries  and  Biffen,  J.  Agric.  Sci. 

; 1907,  2,  1 ; papers  read  at  the  Winnipeg 
I meeting  of  the  British  Association,  Jour.  Board 
. Agric.  17,  1910).  Moreover,  Biffen  (J.  Agric. 
i Sci.  3,  1909,  86)  has  shown  that  high  and  low 
I nitrogen  content  are  Mendelian  characters 
' which  segregate  and  are  inherited  without 
I blending. 

Certain  new  varieties  thus  raised,  e.g, 
Burgoyne’s  Fife  and  Yeoman,  combining  the 
I high  nitrogen  content  and  strength  of  Fife  with 


Vilmorin,  Bull.  Soc.  Nat.  Agr.  France,  1901,  61, 
73. 

The  composition  of  wheat  is  subject  to  con- 
siderable variation,  and  as  the  value  of  the  wheat 
for  bread- making  is  intimately  connected  with 
the  amount  of  nitrogen  it  contains,  the  effect  of 
external  conditions  upon  this  constituent  has 
been  extensively  studied.  As  factors  bringing 
about  variation,  we  may  enumerate  (1)  variety, 
(2)  climate,  (3)  season,  (4)  soil,  (5)  manuring, 
(6)  date  of  cutting,  &c. 


the  cropping  powers  of  English  wheats,  are  now 
grown  on  a commercial  scale. 

(2)  Climate  is  more  potent  than  any  other 
factor  in  causing  variations  in  the  composition 
of  wheat.  Leclerc  and  Leavett  (U.S.  Dep.  of 
Agric.  Hiv.  of  Chem.  Bull.  128,  1910)  grew  the 
same  varieties  of  wheat  in  three  localities  with 
widely  differing  climates,  and  in  the  next  year 
grew  on  seed  from  each  locality  at  all  three 
places,  with  the  following  results  as  regards 
protein  content : — 


Protein  in  product 

Year 

Origin  of 

Protein 

grown  m 

seed 

in  seed 

Kansas 

Cali- 

fornia 

Texas 

1906 

Kansas 

16-22 

19-13 

10-38 

12-18 

11907 

Kansas 

19-13 

22-23 

11-00 

16-97) 

{1907 

California 

10-38 

22-23 

11-33 

18-22} 

|1907 

Texas 

12-18 

22-81 

11-37 

18-2l) 

Thus  the  seed  of  Kansas  origin  and  contain- 
ing 19'13  p.c.  of  protein,  when  grown  in  Cali- 
fornia in  1907  yielded  grain  only  containing 
11 '00  p.c.  of  protein  ; whereas  in  the  same  year 
seed  from  the  same  original  stock  but  grown  in 
California  in  1906  and  only  containing  iO’38  p.c. 
protein,  when  moved  back  to  Kansas,  yielded 
grain  containing  22 ‘23  x:).c.  of  protein.  In  these 
cases,  the  influence  of  environment  is  enormous, 
and  in  the  main  the  strong  high  nitrogenous 
horny  wheats  of  the  American  North-West, 
Hungary  and  Russia,  owe  these  qualities  to  their 
environment.  They  are  spring  sown  when  the 
severe  winter  is  over  ; they  receive  considerable 
rainfall  during  their  early  growing  months,  fol- 
lowed by  great  heat  with  progressive  dryness  of 


Table  I. — Analyses  oe  Wheat. 


No.  of 
samples 

Water 

Protein 

Fat 

Carbo- 

hydrates 

Crude 

fibre 

Ash 

English  .... 

22 

13-37 

10-99 

1-86 

69-21 

2-90 

1-67 

United  States 

168 

10-62 

12-23 

1-77 

71-18 

2-36 

1-82 

,,  ,,  New  York 

8 

10-38 

12-34 

1-92 

71-63 

2-07 

1-67 

„ „ Oregon 

11 

11-53 

9-19 

1-72 

73-61 

2-25 

1-69 

,,  ,,  South  Dakota 

8 

9-02 

14-89 

2-04 

69-89 

2-49 

1-70 

Canadian  North-West  (Fife) . 

18 

12-05 

13-84 

1-79 

68-53 

2-21 

1-58 

France  .... 

70 

15-20 

12-64 

1-41 

68-92 

2-00 

1-66 

Germany,  S.  and  S.-W. 

winter  wheat 

52 

13-37 

12-29 

1-71 

67-96 

2-82 

1-85 

„ „ spring  „ 

30 

13-37 

14-95 

1-56 

67- 

93 

2-19 

Russian,  spring  wheat 

39 

13-37 

17-65 

1-58 

65-74 



1-66 

Argentine  .... 

5 

9-55 

12-78 

1-84 

71-15 

2-69 

1-99 

American — durum 

2 

10-40 

15-68 

2-49 

76-74 

2-61 

1-90 

,,  — emkorn 

4 

8-34 

14-67 

2-19 

55-67 

13-56 

5-57 

„ — emmer 

25 

8-68 

13-24 

1-89 

60-85 

11-27 

4-07 
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the  atmosphere,  the  cycle  of  growth  being  com- 
pleted in  four  months  or  less.  The  soft  low- 
nitrogenous  wheats  are  generally  winter  sown 
with  an  equably  distributed  rainfall,  as  in 
Western  Europe,  though,  as  the  experience  of 
California,  Oregon,  Australia,  and  India  shows, 
great  heat  and  dryness  at  the  ripening  stage 
will  not  ensure  a high  nitrogen  content.  While 
climates  like  Kansas  impart  a high  nitrogen 
content  to  all  varieties,  some  varieties  commonly 
grown  there,  like  Fife,  possess  a high  nitrogen 
content  congenitally  and  retain  it  in  climates 
like  the  English,  where  other  wheats  with  a high 
nitrogen  content  in  Kansas  at  once  deteriorate, 

(3)  Season  has  a much  greater  effect  than 
manuring  in  altering  the  composition  of  wheat, 
change  of  season  being,  in  this  respect,  com- 
parable to  change  of  climate  and  environment. 
The  variations  of  English  seasons,  however,  are 


never  sufficient  to  induce  ‘ strength  ’ com- 
parable to  that  found  in  the  wheats  of  the 
American  North-West,  &c. 

The  following  table  shows  the  variation  in 
the  composition  of  wheat  grown  on  the  experi- 
mental plots  at  Rothamsted  in  1852,  a wet  cool 
year,  and  1863,  a dry  and  hot  year. 

(4)  Taken  by  itself,  soil  has  not  a very  large 
effect  upon  the  character  of  the  wheat  grown  ; 
in  fact,  in  practice  it  is  difficult  to  disengage  the 
variations  due  to  soil  from  those  depending  on 
the  changed  environment  generally,  soil  being, 
as  it  were,  a factor  in  climate. 

(5)  The  composition  of  wheat  shows  some 
variation  with  the  character  of  the  manuring, 
but  the  variations  are  not  large.  The  following 
results  were  obtained  with  the  wheat  grown  on 
the  Rothamsted  Experimental  plots  in  1893, 
the  fortieth  season  in  which  the  plots  had  been 


2 

3 

7 

10 

11 

Dung 

Un- 

maniired 

N 

P2O5 

K2O 

N 

only 

N 

P2O6 

Weight  per  bushel,  lb.  . . . | jg03 

Weight  of  100  grains,  grams  . . | 

Grain  to  100  straw  . . . | 

Nitrogen  in  dry  gram,  p.c.  . .1 

Nitrogen  in  dry  straw,  p.c.  . . | 2303 

Ash  in  dry  gram,  p.c.  . . • j 

A V • /I  4.  S 1852 

Ash  m dry  straw,  p.c.  . . . | 2863 

58-20 

63-10 

3-46 

5- 35 
49-60 
67-50 

2*02 

1-52 

0-46 

0- 25 

1- 98 
1-85 
7-04 

6- 42 

56-60 

62-70 

2-88 

5-02 

53-90 

70-40 

2-08 

1- 65 
0-57 

0- 33 

2- 03 

1- 95 
7-04 
7-12 

56-00 

62-60 

3- 08 

4- 79 
41-90 
59-40 

2-29 

1-53 

0-87 

0- 36 

1- 95 
1-73 

5- 55 
5-22 

55-90 

62-60 

3- 26 

4- 51 
47-30 
74-30 

2-48 

1-70 

0-89 

0- 35 

1- 83 
1-56 

5- 60 
5-40 

55-60 
62-50 
, 2-94 

4- 76 
47-80 
70-40 

1-95 

1-79 

0-46 

0- 44 

1- 96 
1-72 
6-10 

5- 48 

growing  wheat  with  the  same  manures  on  the 
same  land,  thus  setting  up  much  more  ex- 
treme differences  than  would  occur  in  prac- 
tice : — 


Plot 

Manuring 

Weight 

perbushel 

Ihs. 

Nitrogen, 

p.c. 

Ash, 

p.c. 

3 

Unmanured 

62-7 

1-997 

1-84 

5 

Mineral,  no  N 

62-3 

2-015 

2-04 

6 

Minerals  -f  43  Ibs.N 

63-1 

2-187 

1-98 

7 

„ 4-861bs.N 

62-5 

2-401 

1-92 

8 

„ +1291bs.N 

62-4 

2-352 

1-89 

10 

86  lbs.  N only 

59-1 

2-084 

1-70 

2 

Farmyard  manure 

63-4 

2-264 

1-96 

The  wheats  from  these  plots  have  also  been 
ground  and  the  flours  resulting  baked  separately, 
whereupon  they  show  extreme  differences  in 
quality  and  in  the  character  of  the  loaf  they 
yield  {see  Hall,  l.c.). 

(6)  It  will  be  seen  from  the  table  of  composi- 
tion that  spring  wheat  possesses  a higher  nitrogen 
content  than  winter  wheat,  and  it  has  been 
supposed  that  the  difference  can  be  correlated 
with  the  shorter  period  of  growth  of  the  former. 
Direct  experiment,  however,  with  the  same 
variety  of  wheat  sown  at  monthly  intervals,  did 
not  support  this  view  (Humphreys,  Z.c.).  In 
the  climates  producing  high  nitrogen  content 


and  strength,  the  wheats  must  be  necessarily 
spring  sown,  i.e.  spring  sowing  and  high  nitrogen 
content  are  both  results  due  to  the  same  environ- 
ment and  are  not  casually  related. 

Similarly,  the  farmer’s  idea  that  early  cutting 
gives  rise  to  strength  is  not  confirmed  by  experi- 
ment, though  wheat  cut  green  may  appear 
somewhat  horny.  Again,  premature  ripening  is 
associated  with  climates  producing  strength, 
though  it  is  not  the  cause  of  strength. 

(7)  Various  investigations  have  been  made 
into  the  change  of  composition  of  the  grain  of 
wheat  during  its  development  (Pierre,  Mem. 
Soc.  Linn6ene  de  Normandie,  xv.  1869,  1,  220  ; 
Deherain,  Ann.  Agron.  8,  1882,  23  ; 20,  1894, 
561  ; Adorjan,  J.  fiir  Landw.  1902,  50, 

193 ; Teller,  Arkansas  Expt.  Sta.  Bull.  52, 
1899). 

Hall  and  Brenchley  (J.  Agric.  Sci.  1909, 
3,195)  obtained  the  results  on  wheat  grown  at 
Rothamsted,  shown  in  table  on  opposite  page. 

It  will  be  seen  that  the  immature  grain  is 
richer  in  nitrogen  and  ash  ; it  also  contains  more 
ready-formed  sugar,  and  possesses  a slightly 
higher  diastatic  power.  Other  determinations 
show  that  in  the  early  stages  about  three 
quarters,  but  at  ripeness  practically  the  whole, 
of  the  nitrogen  is  in  the  protein  form.  The 
figures,  however,  do  not  support  the  idea  that 
in  the  later  stages  of  filling  the  grain,  only  starch 
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Broadbalk,  Plot  3. — 1907. 


i 

1 

1 

Date 

Green 
weight  of 
1000  grains 

Dry  weight 
of  1000 
grains 

Specific 

gravity 

Per  cent, 
nitrogen  in 
dry  matter 

Per  cent, 
ash  in  dry 
matter 

Per  cent. 
P2O5  in 
ash 

Per  cent, 
dextrose  in 
dry  matter 

Maltose 
produced 
by  100  of 
dry  matter 

July  16 

Grams 

13-75 

Grams 

3-51 

1-116 

2-679 

3-70 

33-66 

„ 19 

21-05 

5-43 

1-116 

2-406 

3-03 

36-91 

14-99 

339-4 

„ 22 

32-47 

8-14 

1-113 

2-458 

3-14 

36-88 

11-08 

324-7 

„ 25 

39-70 

11-16 

1-116 

2-167 

2-80 

38-73 

7-36 

541-4 

„ 28 

45-95 

14-05 

1-099 

2-119 

2-66 

38-86 

6-71 

650-7 

„ 31 

51-30 

17-99 

1-116 

2-055 

2-39 

38-68 

6-23 

597-1 

Aug.  3 

56-69 

21-15 

1-128 

1-856 

2-38 

40-35 

3-70 

510-6 

„ 6 

57-91 

24-97 

1-113 

1-828 

2-16 

42-54 

2-42 

442-9 

„ 9 

62-48 

28-98 

1-196 

1-801 

2-16 

44-17 

2-17 

412-0 

„ 12 

63-68 

32-20 

1-215 

1-720 

2-09 

44-30 

1-86 

378-1 

„ 15 

63-19 

35-09 

1-218 

1-856 

1-89 

44-06 

: 1-46 

277-9 

„ 18 

70-89 

37-93 

1-231 

1-787 

1-96 

46-50 

1 1-99 

441-6 

„ 21 

66-30 

38-69 

1-204 

1-846 

1-94 

46-13 

‘ 1-91 

343-7 

„ 24 

61-01 

37-96 

1-271 

1-778 

1-93 

46-30 

[2-02 

322-1 

enters,  the  material  entering  the  grain  is  of 
almost  uniform  composition  throughout.  In 
the  final  ripening  process,  desiccation  is  the 
most  pronounced  change  setting  in. 

Carbohydrates  of  Wheat. — The  carbohydrates 
present  in  wheat  grain  have  been  examined  by 
Stone  (U.S.  Dep,  of  Agric.,  Ofhce  of  Expt. 
Stations,  Bull,  34,  1896),  who  found  sucrose  and 
reducing  sugars,  amylans  and  pentosans,  in 
addition  to  starch,  which  is  the  principal  con- 
stituent of  the  endosperm.  It  has  also  been  shown 
by  Whymper  (Int.  Cong.  App.  Chem.  London, 
1909)  that  the  larger  granules  of  the  starch  con- 
tained in  the  endosperm  are  more  readily  attacked 
by  the  diastase  secreted  during  germination. 

The  sugars  are  chiefly  present  in  the  germ, 
and  among  them  Schulze  and  Frankfurter 
identified  raffinose  (Ber.  27,  1893,  64). 

Proteins. — The  proteins  contained  in  wheat, 
and  particularly  in  flour,  have  been  the  subject 
of  considerable  investigation ; references  to 
Ritthausen  and  the  other  earlier  workers  will  be 
found  in  Osborne’s  papers  (Amer.  Chem.  J. 
1893,  15,  392  ; 1894,  16,  524 ; Amer.  J.  Phys. 
1905,  13,  35 ; 1906,  17,  223 ; Carnegie  Inst. 
Washington,  1907,  Pub.  84),  from  which  the 
following  summary  has  been  extracted  : — 

‘ The  proteins  of  the  wheat  kernel  are 
gliadin,  insoluble  in  neutral  aqueous  solutions, 
but  distinguished  from  all  the  others  by  its 
ready  solubility  in  neutral  70  p.c,  alcohol ; 
glutenin,  a protein  having  a similar  elementary 
percentage  composition  to  gliadin,  soluble  in 
very  dilute  acid  and  alkaline  solutions,  but 
insoluble  in  dilute  alcohol  or  neutral  aqueous 
solutions,  and  yielding  a wholly  different  pro- 
portion of  decomposition  products  when  boiled 
with  strong  acids  ; leucosin,  an  albumin-like 
protein,  freely  soluble  in  pure  water,  and  coagu- 
lated by  heating  its  solution  to  50°-60° ; a 
globulin  similar  in  composition  and  properties 
to  many  globulins  found  in  other  seeds,  and  one 
or  more  proteoses  which  are  present  in  very 
small  quantity.  It  has  also  been  shown  that 
the  proteins  obtained  from  the  embryo  of  the 
wheat  are  the  globulin,  albumin,  and  proteose 
above  mentioned,  and.  that  these  form  nearly 
all  of  the  protein  substance  of  this  part  of  the 


seed.  It  thus  appears  that  these  three  proteins 
are  contained  chiefly  in  the  embryo,  and  that 
gliadin  and  glutenin  form  nearly  the  whole  of 
the  proteins  of  the  endosperm,  or  over  80  p.c. 
of  the  total  protein  matter  of  the  seed.  It  is 
possible  that  a part  of  the  albumin,  globulin, 
and  perhaps  minute  quantities  of  the  proteose, 
are  contained  also  in  the  endosperm,  for  these 
proteins  are  always  found  in  flour  from  which, 
in  the  milling  process,  the  embryo  is  very  nearly 
completely  separated.  . . . 

^ Gluten  contains  the  greater  part  of  the 
protein  matter  of  the  seed,  together  with  a little 
starch,  fat,  lecithin,  and  phytocholesterin,  and 
possibly  some  carbohydrate  substance  or  sub- 
stances of  as  yet  unknown  character.  These 
non-protein  substances  are  probably  not  united 
with  one  another  in  the  gluten,  but  are  mecha- 
nically mixed.  The  quantity  of  starch  that 
remains  in  the  gluten  depends  on  the  thorough- 
ness of  the  washing,  while  the  other  substances 
owe  their  presence  largely  to  their  insolubility 
in  water.  The  chief  constituents  of  the  gluten 
are  the  two  proteids,  gliadin  and  glutenin,  the 
relative  proportions  of  which  vary  with  the 
variety  of  wheat  from  which  the  flour  is  made. 
The  character  of  the  gluten  and  the  commercial 
value  of  the  flour  depend,  to  a large  extent,  on 
the  proportion  of  gliadin  to  glutenin. 

‘ In  the  moist  gluten,  these  proteins  are 
present  combined  with  about  twice  their  weight 
of  water,  which  is  gradually  lost  on  exposure  to 
dry  air  or  at  an  elevated  temperature. 

‘ The  gliadin  and  glutenin  are  present  as 
such  in  the  seed,  and  are  not,  as  was  formerly 
supposed,  derived  from  other  protein  substances 
through  the  action  of  an  enzyme.  This  is  shown 
by  the  fact  that  they  may  be  obtained  directly 
from  the  flour  by  the  same  treatment  as  that 
which  yields  them  from  the  gluten,  and  under  con- 
ditions which  preclude  the  action  of  an  enzyme. 

‘ The  characteristics  of  the  different  wheat 
constituents,  the  products  which  they  yield  on 
hydrolysis,  and  related  questions  are  also  con- 
sidered, and  the  nutritive  value  of  wheat  gluten 
and  other  proteins  is  discussed  on  the  basis  of 
the  kind  and  amount  of  dhe  cleavage  products 
which  they  yield  on  hydrolysis. 
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‘ The  amount  of  glutaminic  acid  which  the 
gluten  proteins  yield  is  far  greater  than  that 
yielded  by  any  of  the  other  food  proteins,  with 
the  exception  of  gliadin  from  rye  and  hordein 
from  barley.  The  proteins  of  the  legumes  and 
nuts  which  are  used  as  food  yield  from  15  to 
20  p.c.  of  glutaminic  acid,  so  that  the  mean 
amount  of  this  amino-  acid  from  the  wheat 
protein  is  nearly  twice  as  large.  The  same  also 
is  true  of  ammonia. 

‘ The  proportion  of  arginine  from  wheat 
gluten  is  relatively  small  compared  with  that 
from  most  other  seed  proteins,  many  of  which 
yield  from  10  to  16  p.c.  of  this  base. 

‘ The  proportion  of  lysine  is  likewise  small, 
especially  compared  with  that  obtained  from 
the  leguminous  seeds.  The  amount  of  histidine, 
however,  does  not  differ  very  greatly  from  that 
of  the  other  seed  proteins.  What  significance 
these  differences  have  in  respect  to  the  nutritive 
value  of  these  different  proteins  must  be  deter- 
mined by  future  Investigation,  for  it  has  only 
very  recently  been  discovered  that  such  differ- 
ences exist.’ 

Fat. — Wheat  contains  about  1-5  p.c.  of  fat, 
the  highest  proportions  being  found  in  the 
wheats  from  the  Canadian  North-West.  It  is 
mostly  present  in  the  germ,  in  which  it  may 


amount  to  15  p.c.  This  oil  easily  turns  rancid, 
and  is  characterised  by  a high  iodine  number 
(115). 

Ash. — Analyses  of  the  ash  of  wheat  may  be 
found  in  Wolff,  Aschenanalysen,  Berlin,  1871 
and  1880  ; Lawes  and  Gilbert,  Chem.  Soc.  Trans. 
1884,  45,  305. 

The  table  given  below,  from  unpublished 
Rothamsted  records,  shows  the  variations  in- 
duced by  manuring  in  1896,  the  forty-fourth 
season  in  which  the  wheat  had  been  grown  on 
the  same  plots  with  the  same  manures. 

Mill  products  of  Wheat. — An  account  of  the 
various  products  obtained  during  the  conversion 
of  wheat  into  flour,  with  analyses,  is  contained  in 
Part  9,  Bull.  13  (1898)  U.S.  Dep.  of  Agric. 
Div.  of  Chem.  See  also  Maurizio,  Getreide  Mehl 
u.  Brot.  Berlin,  1903.  For  milling  offals,  see. 
Cranfield,  J.  Agric.  Sci.  1914,  vi.  102. 

Baking  qualities  of  Wheat  Flour. — The  earliest 
attempt  to  determine  the  quality  of  flour  in  a 
baker’s  sense,  i.e.  the  power  of  the  flour  to  pro- 
duce a large  firm  loaf,  consisted  in  estimating 
the  weight  of  gluten  that  could  be  kneaded  out 
of  a given  weight  of  flour.  ‘ While  this  test 
proved  to  be  of  value  in  comparing  flours  from 
similar  wheats  or  from  wheats  grown  in  the 
same  locality,  so  many  exceptions  occurred  that 


Broadbalk  Wheat  Grain — Season  1896. 


Plot 

2b 

3 and  4 

6 

8 

lOab 

11 

12 

13 

14 

Ash  in  dry  matter  . 

U90 

1-84 

1-88 

1-74 

1-57 

1-72 

1-78 

1-76 

1-76 

Nitrogen  in  „ 

2115 

1-835 

1-849 

2-101 

1-94 

1-931 

1-949 

1-875 

1-954 

Ferric  oxide 

0-67 

0-84 

0-81 

0-76 

0-98 

0-735 

0-755 

0-744 

0-695 

Lime 

2-40 

3-30 

2-70 

3-00 

4-91 

4-63 

4-00 

3-21 

4-23 

Magnesia 

10-87 

10-28 

10-31 

10-50 

10-10 

9-86 

9-96 

9-93 

10-36 

Potash  . 

31-75 

33-62 

33-08 

33-23 

34-79 

32-33 

32-62 

33-97 

32-21 

Soda 

0-036 

0-101 

0-007 

0-084 

0-196 

0-105 

0-115 

0-078 

0-114 

Phosphoric  acid 

51-70 

48-34 

49-61 

48-97 

43-07 

48-09 

48-30 

48-79 

47-83 

Sulphuric  acid 

0-89 

1-52 

1-26 

1-28 

3-38 

1-49 

1-39 

1-22 

1-49 

Chlorine  . 

0-020 

0-305 

0-054 

0-205 

0-973 

0-199 

0-138 

0-088 

0-279 

Silica 

0-46 

0-55 

0-53 

0-43 

0-64 

0-46 

0-48 

0-45 

0-45 

Sand  and  charcoal  . 

1-29 

1-38 

1-86 

1-61 

1-40 

2-30 

2-18 

1-45 

2-39 

no  absolute  value  could  be  attached  to  the 
test. 

Estimates  based  on  the  total  nitrogen  in  the 
flour  proved  to  be  subject  to  the  same  errors. 
Measurements  were  then  made  of  the  gliadin, 
the  wheat  protein  soluble  in  70  p.c.  alcohol ; 
Fleurent  further  suggested  that  the  ratio  of  the 
gliadin  to  the  glutenin  in  the  gluten  determined 
its  quality  ; but  these  methods  m turn  broke 
down  under  criticism  {see  Hall,  l.c.).  T.  B. 
Wood  (Jour.  Agric.  Sci.  1908,  2,  139,  267) 
regards  baking  quality  as  dependent  on  two 
factors  : the  size  of  the  loaf  is  determined  by 
the  amount  of  sugar  contained  in  the  flour, 
together  with  that  produced  in  the  dough  by 
diastatic  action.  This  determines  the  evolution 
of  carbon  dioxide,  under  the  action  of  the  yeast, 
both  as  to  rate  and  total  amount.  Then  the 
quality  of  the  gluten,  which  determines  how  the 


dough  will  stretch  into  a sponge  and  retain 
the  carbon  choxide,  depends  on  its  physical 
character,  which  will  vary  enormously  according 
to  the  state  of  equilibrium  between  the  colloid 
gluten  and  the  salts  in  the  water  with  which  it 
is  in  contact.  Under  certain  conditions  the 
gluten  loses  all  consistency,  its  physical  character 
being  entirely  conditioned  by  the  surrounding 
liquid. 

In  practice  millers  now  add  malt  extract  to 
certain  flours  in  the  dough-making  process,  in 
order  to  increase  the  evolution  of  carbon  dioxide. 
Soluble  phosphates  are  also  introduced  whereby 
the  elasticity  and  gas-retaining  power  of  the 
gluten  is  increased.  The  quantities  necessary 
depend  upon  the  origin  of  the  wheat,  and  must 
be  determined  empirically  for  each  flour 
mixture  [see  Wood,  The  Story  of  a Loaf  of 
Bread : Cambridge  University  Press,  1913). 
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Nutritive  Value  of  Wheat. — The  nutritive  | calculated  by  Chamberlain  (U.S.  Dep.  of  Agric. 
value  of  various  samples  of  wheat  has  been  | Div.  of  Chem.  Bull.  120,  1909)  as  follows  : — 


Variety 

Water 

Digestible  constituents 

Ash 

Production 
value 
calories 
per  100  lbs. 

Albu- 

minoid 

ratio 

Protein 

Fat 

Carbo- 

hydrates 

Crude 

fibre 

North-West  spring 

1011 

11-78 

1-41 

73-04 

1-17 

1-85 

94,717 

6-6 

Soft  winter . 

10-55 

9-96 

1-20 

75-24 

1-17 

2-00 

94,760 

7-9 

Durum 

9-77 

13-02 

1-72 

70-77 

1-33 

2-02 

94,457 

5-8 

The  analyses  give  the  digestible  as  distinct 
from  the  total  constituents  of  the  wheat,  and 
in  the  last  column  but  one  the  value  of  the  wheat 
for  the  production  of  energy  or  increased 
weight  is  expressed  as  calories  developable  from 
100  lbs.  of  the  grain,  after  allowance  has  been 
made  for  the  non- digestible  portions  and  the 
work  consumed  in  the  process  of  digestion.  The 
last  column  gives  the  ratio  of  the  non-nitro- 
genous  constituents  [digestible  carbohydrates 
and  fibred- digestible  fat  X 2 ’25]  to  the  digestible 
proteins. 

The  question  of  the  digestibihty  and  food  value 
of  the  different  fractions  of  the  wheat  grain 
produced  in  commercial  milling — the  comparison 
between  ‘ white  ’ and  ‘ brown,’  ‘ standard  ’ or 
‘ whole  meal  ’ bread,  has  received  greatly 
increased  attention  during  the  war,  which  forced 
‘ war  bread  ’ upon  nearly  all  civilised  nations. 
Before  the  war  wheat  was  milled  to  yield  less 
than  70  p.c.  of  white  flour  and  30  p.c.  or  over  of 
offals,  during  the  war  the  extraction  was  raised 
to  80  p.c.  and  eventually  to  90  p.c.  The  general 
result  of  the  experience  goes  to  show  that  the 
digestibility  of  the  included  fractions  is  higher 
than  had  been  expected  from  previous  experi- 
ments, and  that  only  a comparatively  small 
fraction  of  the  population  suffers  from  digestive 


troubles  in  consequence  of  eating  bread  from 
flour  containing  a marked  proportion  of  husk. 
While  the  old  conclusion  that  white  bread  is  the 
most  concentrated  and  digestible  of  all  breads 
is  confirmed,  the  utilisation  of  the  wheat  grain 
for  human  food  increases  up  to  the  90  p c. 
extraction,  both  as  regards  available  energy  and 
protein.  See  Report  of  the  Food  (War)  Com- 
mittee of  the  Royal  Society,  1918.  The  older 
literature  is  summarised  in  Hamill,  Local 
Government  Board  Reports  on  Public  Health 
and  Medical  Subjects,  No.  55,  1911. 

Wheat  Straw. — The  composition  of  wheat 
straw  is  more  variable  than  that  of  the  grain  : 
the  more  complete  the  ripening  process  the  more 
thoroughly  will  the  carbohydrates,  proteins, 
and  valuable  ash  constituents  of  the  straw  be 
transferred  to  the  grain.  The  variations  in  the 
composition  of  the  straw  in  response  to  different 
conditions  of  soil  and  manuring,  are  minimised 
in  the  grain,  which  the  plant  endeavours  to 
make  of  as  constant  a composition  as  possible. 
The  following  table  (Konig)  gives  a few  typical 
analyses  of  straw,  which  are  followed  by  a table 
of  the  mean  composition  of  the  ash  of  straw 
from  wheat  grown  on  the  Rothamsted  plots,  to 
illustrate  the  variation  with  manuring  : — 


Origin 

No.  of 
samples 

Water 

Fat 

Protein 

N.  free 
extract 

Crude 

fibre 

Ash 

English  winter  sown 

_ 

13-6 

1-3 

3-3 

3-94  1 

37-1 

53  f 

German  „ 

— 

14-3 

1-2 

3-0 

35-9 

40-8 

4-85 

American  spring  ,, 

7 

9-6 

1-3 

3-4 

43-5 

38-0 

4-2 

Broadbalk  Wheat  Straw — Mixed  Samples,  10  Years,  1882-91. 


Plot 

2 

Ash  in  dry  matter 

8-13 

Ferric  oxide 

0-31 

Lime  .... 

3-64 

Magnesia 

1-51 

Potash 

18-41 

Soda  .... 

0-09 

Phosphoric  acid  . 

3-87 

Sulphuric  acid 

3-44 

Chlorine 

2-92 

Carbonic  acid 

2 

Silica  .... 

64-64 

Sand  and  charcoal 

1-41 

3 

5 

7 

10 

7-69 

7-95 

5-89 

6-02 

0-94 

0-60 

0-50 

0-54 

4 -.38 

3-49 

5-68 

8-36 

1-51 

1-41 

1-76 

2-29 

13-51 

16-30 

25-84 

13-67 

0-10 

0-09 

0-21 

0-41 

2-97 

4-24 

3-81 

2-26 

3-81 

4-76 

5-40 

6-72 

1-81 

1-90 

6-59 

2-72 

2 

2 

2 

1-25 

67-70 

65-14 

49-59; 

60-44 

3-78 

2-27 

1-93 

2-23 

11 

12 

13 

14 

5-84 

5-69 

5-93 

5-52 

0-43 

0-33 

0-34 

0-41 

9-14 

7-71 

5-38 

7-70 

2-25 

1-92 

1-53 

2-46 

9-92 

14-65 

23-23 

14-88 

0-58 

0-57 

0 03 

0-33 

4-26 

3-64 

3-38 

3-87 

5-44 

5-32 

5-06 

5-31 

1-66 

2-88 

5-60 

2-81 

trace 

none 

none 

. trace 

65-20 

61-79 

54-16 

61-08 

1-52 

1-62 

2-36 

1-81 

1 Carbohydrates. 


Not  determined. 
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Methods  of  Analysis. — In  the  analysis  of  wheat, 
the  ordinary  methods  employed  for  feeding  stuffs 
are  followed,  the  only  special  determinations  re- 
quired being  those  of  gluten  and  gliadin. 

For  the  determination  of  gluten,  20  grams  of 
dry  flour,  or  of  the  ground  wheat  from  which  the 
husk  has  been  sifted,  are  weighed  out  on  to  a piece 
of  bolting  silk,  about  8 inches  square,  moistened 
with  water  and  kneaded  up  into  a paste.  The 
silk  is  then  gathered  together  over  the  dough 
and  kneaded  in  several  changes  of  water  or  under 
a tap  until  no  more  starchy  liquid  flows  away, 
being  finally  kneaded  in  the  air  until  it  ceases  to 
lose  water.  The  gluten  will  then  generally  form 
an  elastic  coherent  mass  which  can  be  removed 
from  the  silk  without  loss,  weighed  in  its  wet 
condition,  spread  on  a tared  sheet  of  glass  or 
porcelain  basin,  dried  at  100°  to  a constant 
weight,  and  weighed  again.  The  ratio  between 
wet  and  dry  gluten  is  regarded  as  of  some 
importance. 


For  gliadin,  5 grams  of  flour  are  put  in  a flask 
with  250  c.c.  of  70  p.c.  alcohol,  and  shaken  in  a 
machine  for  6 hours.  The  mixture  is  then 
rapidly  filtered,  and  100  c.c.  of  the  solution  are 
placed  in  a Kjeldahl  flask.  The  alcohol  is  dis- 
tilled off  and  the  nitrogen  in  the  residue  is  deter- 
mined in  the  usual  way.  Nitrogen  X 5-68  = 
gliadin. 

Barley.  Barley  generally  shows  a smaller 
protein  content  than  wheat ; this  difference  is  not 
only  characteristic  of  the  two  species,  but  barleys 
are  likely  to  have  been  unconsciously  selected  for 
low  protein  content,  this  being  the  quality  most 
desired  by  the  brewer,  who  has  always  been  the 
chief  purchaser  of  barley.  The  adherent  glume 
and  pale  further  cause  an  increase  in  the  crude 
fibre  and  ash,  as  compared  with  wheat. 

The  following  analyses  of  barley  are  derived, 
1-6  from  the  author,  7 from  Konig  (Z.c.),  and 
8 and  9 from  Wiley  (l.c.)  : — 


Number 

of 

analyses 

Water 

Fat 

Proteins 

Carbo- 

hydrates 

Crude 

fibre 

Ash 

English  Chevalier — 

1899 — grown  after  roots  . 

21 

16-23 

1-65 

9-69 

66-061 

4-10 

2-27 

1899 — „ „ wheat  . 

7 

16-44 

1-31 

9-12 

66-052 

4-64 

2-44 

1900 — prize  winners 

7 

16-30 

1-50 

7-81 

68-363 

3-80 

2-23 

1900 — poor  quality  . 

4 

16-80 

2-28 

10-78 

64-244 

3-82 

2-08 

Chili  Chevalier,  1900 — prize  . 

1 

15-6 

2-06 

9-44 

67-045 

3-61 

2-25 

Asia  Minor,  four-rowed — prize 

2 

15-3 

1-86 

8-75 

67-47® 

4-38 

2-24 

Grermany,  Middle  and  North 

120 

14-05 

1-80 

9-88 

66-75 

4-77 

2-75 

United  States 

32 

10-8 

2-13 

10-69 

69-89 

4-05 

2-44 

Canada  .... 

20 

11-96 

2-06 

10-57 

68-90 

4-10 

2-41 

The  composition  of  barley  is  affected  by 
climate,  environment,  manuring,  &c.,  in  the 
same  way  as  the  composition  of  wheat,  barley 
being  somewhat  more  susceptible  to  change. 
The  commercial  value  of  barley  varies  also  to  a 
much  greater  degree  ; not  only  are  there  two 
distinct  grades — barley  for  malting  and  barley 
for  feeding  purposes,  the  price  of  the  former 
being  nearly  50  p.c.  higher  than  that  of  the 
latter,  though  the  two  kinds  grade  off  into  one 
another — but  special  prices  are  paid  for  barley  of 
exceptional  quality. 


(1)  Variety.  The  number  of  barley  varieties 
is  small  compared  with  that  of  wheat.  The  two- 
rowed  varieties  fall  into  two  types,  wide  and 
narrow  eared,  and  are  most  prized  for  brewing 
purposes.  The  four-rowed  and  six-rowed  types 
are  not  so  much  used  for  brewing.  Strictly 
comparative  analytical  data  are  lacking. 

(2)  The  following  data,  drawn  from  the 
Rothamsted  records,  show  the  efliect  of  season 
and  manuring  upon  the  character  of  the  barley- — 
in  1893,  a summer  of  extreme  heat  and  dryness, 
and  1894,  a wet  and  cool  season  : — 


Plot 

Manuring 

Yield  of  grain 

Weight  per  bushel 

Grain  to  100  straw 

Nitrogen  per  cent,  in 
grain 

1893 

1894 

1893 

1894 

1893 

1894 

1893 

1894 

10 

Unmanured 

Bush. 

8-3 

Bush. 

10-0 

lb. 

55-6 

lb. 

51-1 

71-9 

70-3 

1-899 

1-409 

40 

Minerals,  no  N 

9-9 

13-1 

56-1 

52-1 

74-3 

79-2 

2-011 

1-467 

lA 

N only 

11-6 

10-4 

55-1 

50-4 

85-3 

67-5 

2-188 

1-646 

2A 

N,  K,0 

18-1 

34-9 

54-0 

51-9 

101-0 

77-0 

2-129 

1-600 

3A 

N,  K^O,  no  P2O5 

16-8 

17-8 

55-8 

51-5 

85-9 

73-8 

2-171 

1-614 

4A 

N,  K2O,  P2O5 

30-8 

41-4 

56-3 

54-1 

102-2 

77-7 

2-081 

1-440 

The  results,  as  shown  in  the  table  at  top  of 
next  page,  also  obtained  at  Rothamsted,  show 
the  effect  of  nitrogenous  manuring. 

These  results  confirm  the  general  opinion 
that  barley  for  malting  purposes  should  not  be 
grown  on  land  that  is  in  high  condition,  either 
as  a result  of  its  previous  treatment  or  through 


the  recent  application  of  nitrogenous  ferti- 
lisers. 


1 Containing  starch,  57‘9  p.c. 
Starch=54'2  p.c. 

3 Starch  = 61‘5  p.c. 

4 Starch  = 58’0  p.c. 

<5  Starch  = 61'2  p.c. 

6 Starch  =62’4  p.c. 
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Dressed 

grain. 

Weight 

per 

bushel 

lbs. 

Grain 
to  100 
straw 

Offal 
grain  to 
100 

dressed 

grain 

N in 
dressed 
grain 

p.c. 

No  nitrogen 

58-0 

110-4 

5-9 

1-61 

861bs.per  acre  organicN 
86  lbs.  per  acre  organic 

57-3 

96-6 

12-5 

1-79 

N in  the  previous  year 

55-1 

72-8 

34-9 

2-42 

Composition  of  Barley. — {a)  Carbohydrates. 
Barley  contains  soluble  sugars,  which  may 
amount  to  4 p.c.  of  the  dry  grain  ; sucrose  is  the 
chief  constituent,  but  dextrose  is  also  found, 
and  O’Sulhvan  has  shown  the  presence  of  raffi- 
nose.  The  main  carbohydrate  present  is  starch, 
of  which  H.  T,  Brown  and  his  colleagues  found 
55-5  p.c.  in  the  dry  material  of  10  barleys 
examined  (Trans.  Guinness  Research  Lab.  1903, 
1,  91).  The  same  investigators  {l.c.  1906,2,  312) 
proceeded  to  the  determination  of  certain  water 
soluble  polysaccharides,  called  by  O’Sullivan 
amylans,  which  yield  on  acid  hydrolysis  a 
racemic  acid,  glucose,  arabinose  and  xylose. 


They  further  showed  that  the  sum  of  the  sugars, 
starch,  and  amylans,  with  a little  ash  and  soluble 
protein,  made  up  the  whole  of  the  barley  grain 
that  goes  into  solution  when  the  barley  is 
extracted  with  boiling  water  and  hydrolysed 
with  malt  extract.  They  obtained  from  9-5  to 
10  p.c.  of  amylans  on  the  dry  weight  of  various 
samples  of  barley  examined. 

In  the  ‘ grains  ’ not  rendered  soluble  by 
diastase,  there  are  considerable  quantities  of 
‘ furfuroids  ’ to  be  found,  besides  cellulose  and 
fibre. 

(6)  Osborne  and  Ritthausen  have  examined 
the  proteins  of  barley,  and  Osborne  (J.  Amer. 
Chem.  Soc.  1895,  17,  539)  obtained  4-5  p.c.  of 
an  insoluble  protein,  4 p.c.  of  hordein  soluble  in 
dilute  alcohol,  0-3  p.c.  of  leucosin,  and  1-95  p.c. 
of  edestin  and  proteose  soluble  in  water.  It 
has  also  been  shown  that  a small  proportion  of 
the  nitrogen  of  barley  is  not  combined  as  protein. 

(c)  The  ether  extract  of  barley  is  found  to 
contain  neutral  fats,  free  fatty  acids,  and  lecithin. 

{d)  The  following  analyses  show  the  com- 
position of  the  ash  of  barley  from  the  Rotham- 
sted  plots  in  1871  : — 


Barley — Season  1871. 


i 

1 0 

Un- 

manured 

4 0 

Complete 

minerals 

1 A 

Nitrogen 

only 

(as  ammonia) 

4 A 

Nitrogen 

and 

minerals 

1 C 

Nitrogen 

only 

(as  rapecake) 

7 

Farmyard  i 
dung 

Grain 

Straw 

Grain 

Straw 

Grain 

Straw 

Grain 

Straw 

Grain 

Straw 

Grain 

Straw 

Ash  in  dry  matter 

2-64 

6-17 

2-77 

6-96 

2-38 

5-51 

2-64 

6-70 

2-84 

5-54 

2-87 

i 

7-55 

1 

Eerric  oxide 

0-49 

0-78 

0-41 

0-46 

0-35 

0-35 

0-31 

0-44 

0-35 

0-42 

0-31 

0-31 

Lime  . 

2-91 

10-04 

2-67 

7-21 

3-29 

9-91 

2-51 

7-56 

2-31 

9-52 

2-22 

6-56 

Magnesia 

7-70 

1-96 

7-65 

1-44 

7-95 

1-97 

8-07 

1-89 

7-91 

2-18 

7-75 

1-30 

Potash 

29-16 

19-07 

29-87 

27-36 

28-80 

17-11 

30-67 

33-90 

28-89 

26-84 

29-23 

29-39 

Soda  . 

1-30 

5-85 

0-50 

1-93 

2-16 

13-24 

0-68 

2-16 

0-56 

2-93 

0-40 

2-53 

Phosphoric  acid  . 

34-05 

3-18 

35-95 

4-30 

30-74 

1-87 

35-64 

3-17 

36-39 

5-44 

36-72 

3-76 

Sulphuric  acid 

2-24 

5-53 

2-15 

7-26 

2-19 

4-51 

1-56 

5-54 

1-60 

6-02 

1-65 

3-27  . 

Chlorine 

1-71 

6-96 

0-71 

7-72 

3-57 

15-10 

0-86 

14-58 

0-68 

4-55 

0-31 

11-99 

Silica 

19-62 

44-49 

18-99 

42-63 

18-57 

37-98 

20-38 

32-71 

19-85 

42-04 

21-02 

42-71 

Sand  and  charcoal 

1-67 

3-52 

1-40 

2-18 

2-84 

1-64 

0-93 

2-13 

1-80 

1-87 

0-86 

1-68 

i 

Barley  Products. — The  chief  material  pre- 
pared from  barley  is  ‘ pearl  barley,’  in  which  the 
husk  and  germ  have  been  removed  mechanically. 
This  material  is  also  sometimes  ground  into 
barley  flour.  Important  by-products  for  cattle 


feeding  are  also  the  ‘ grains  ’ obtained  in  the 
brewing  process  after  the  diastatic  extraction  of 
the  starch  contained  in  malt,  and  the  malt  culms 
or  sprouts  knocked  off  the  partly  germinated 
barley  after  malting.  Analyses  are  given  below: — 


Water 

Pearl  barley 

14-9 

Malt  culms 

11-8 

Brewer’s  grains  (wet)  . 

75-0 

,,  » (dry)  . 

10-0 

Fat 

Proteins 

Carbo- 

hydrates 

Crude  fibre 

Ash 

1-0 

7-6 

75-1 

0-6 

0-8 

2-1 

28-3 

42-8 

12-4 

7-6 

2-0 

5-5 

12-0 

4-5 

1-0 

7-0 

20-0 

42-0 

16-0 

5.0 

Maize.  Maize  or  Indian  corn  is  a cereal 
grain  characterised  by  a high  proportion  of 
carbohydrates  and  oil  but  comparatively  low 
protein  and  ash.  Its  composition  does  not  vary 
to  the  same  degree  as  that  of  wheat  or  barley. 
The  average  analyses  (shown  on  top  of  page  138) 


are  derived  from  Wiley  (U.S.  Dep.  of  Agric. 
Div.  of  Chem.  Bull.  50,  1898)  and  Konig  {l.c.). 

The  only  variation  in  composition  worthy  of 
note  is  that  in  ‘ sweet  corn,’  varieties  of  which 
are  grown  in  America  to  yield  immature  cobs 
for  boiling  as  a vegetable,  the  grains  contain  a 
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Source 

No.  of 
samples 

Moisture 

Crude  fat 

Proteins 

Carbo- 

hydrates 

Crude 

fibre 

Ash 

United  States,  Mean  . 

- 

10-75 

4-25 

10-00 

71-75 

1-75 

1-50 

,,  ,,  Northern 

— 

9-98 

5-11 

10-64 

71-32 

1-41 

1-54 

,,  „ Middle  West 

— 

12-33 

4-97 

10-89 

68-16 

2-22 

1-43 

„ ,,  Pacific  slope 

— 

9-78 

6-40 

8-14 

72-13 

2-07 

1-48 

Italy  .... 

— 

13-13 

3-84 

10-26 

67-72 

2-88 

1-95 

Germany  (1880)  . 

14 

13-00 

5-11 

8-62 

70-54 

1-38 

1-34 

Hungary  (1880)  . 

38 

13-00 

3-85 

9-06 

71-10 

1-69 

1-30 

higher  proportion  of  sugar  than  is  normal, 
especially  in  the  immature  state,  and  also  a 
greater  amount  of  oil. 

Maize  oil  is  expressed  in  considerable 
quantities  from  the  germ,  which  is  removed  in 
preparing  meal  from  the  grain.  It  is  a light 
amber-coloured  tasteless  oil  used  for  salad  oil, 
as  a lubricant,  and  for  soap  making. 

Carbohydrates. — Less  than  1 p.c,  of  sugar  is 
present  in  maize,  the  greater  part  being  sucrose 
with  a small  amount  of  reducing  sugar.  Starch 
is  the  principal  carbohydrate,  but  a little 
dextrin  or  other  gum-like  body  has  been  found, 
also  furfuroids  and  pentosans  up  to  about  5 p.c. 


Proteins. — Osborne  has  isolated  from  maize, 
myosin,  vitellin  and  another  unnamed  globulin, 
small  quantities  of  two  albumins,  and  zein,  the 
characteristic  protein  which  exists  in  both  a 
soluble  and  insoluble  form.  It  is  noteworthy 
that  zein,  on  hydrolysis,  yields  no  lysin  and  no 
tryptophan,  and  certain  defects  in  the  nutrition 
of  animals  fed  on  maize  alone  have  been  set 
down  to  the  lack  of  these  groups  in  the  zein 
molecule. 

Ash. — The  following  table  from  Wolff’s 
Aschenanalysen  gives  the  average  composition 
of  the  ash  of  maize  : — 


P.c.  ash 
in  dry 

K2O 

Na20 

CaO 

MgO 

^6203 

P2O6 

SO3 

SiOa 

Red  German 

1-30 

24-33 

1-50 

3-16 

16-00 

1-88 

49-36 

1-00 

2-77 

American  . 

1-28 

26-75 

3-85 

2-56 

15-24 

2-00 

47-47 

1-20 

1-93 

German 

1-72 

25-73 

2-03 

17-35 

1-51 

43-80 

— 

4-99 

Maize  Products. — Maize  is  ground  into  a 
meal,  ‘ corn  flour,’  the  germ  and  the  more  flinty 
portions  of  the  grain  being  removed,  and  the 
composition  of  the  meal  is  set  out  in  the  table 
below,  in  which  is  also  given  the  composition  of 
maize  ‘ stover,’  i.e.  the  stalk,  leaves,  &c,,  without 
the  cob. 


A large  number  of  commercial  products  are 
derived  from  maize,  especially  starch  and 
glucose ; and  the  manufacturing  processes  give 
rise  to  various  by-products — maize  germ  meal, 
gluten  feed,  &c,,  used  for  feeding  cattle,  but 
their  composition  depends  entirely  upon  the 
method  by  which  they  are  prepared. 


Moisture 

on 

Proteins 

Carbo- 

hydrates 

Crude 

fibre 

Ash 

Corn  flour  : three  samples 

Maize  stover  ..... 

12-57 

19-81 

1- 33 

2- 56 

7-13 

4-19 

78-36 

42-87 

0-87 

26-02 

0-61 

4-55 

Oats.  From  the  food  point  of  view,  oats 
form  one  of  the  most  valuable  of  the  cereals, 
being  exceptionally  rich  in  oil  and  protein  ; it 
is  only  the  adherent  husk  which  prevents  them 


from  being  the  most  concentrated  of  all  the 
food  grains.  Oats  show  considerable  variations 
of  composition,  as  the  following  analyses  indi- 
cate : — 


Origin 

No.  of 
Analyses 

Water 

Fat 

Protein 

Carbo- 

hydrates 

Crude 

fibre 

Ash 

Middle  and  North 
German . 

103 

12-11 

5-30 

10-82 

58-23 

10-25 

3-29 

Konig 

French 

196 

12-11 

5-46 

9-52 

60-47 

9-18 

3-26 

American 

22 

12-11 

4-96 

11-26 

59-35 

9-33 

2-99 

„ (World’s  Fair) 

72 

9-96 

4-42 

12-07 

58-28 

11-92 

3-35 

Wiley 

Scotch 

10 

16-90 

5-59 

11-57 

57-54 

8-25 

2-59 

Aitken  ^ 

Oatmeal  . 

16 

7-30 

7-20 

16-10 

67-50 

0-90 

1-90 

Atwater  ^ 

Oatstraw  (Scotch) 

10 

15-32 

3-45 

3-04 

52-59 

33-95 

6-96 

Aitken  ^ 

As  might  be  expected,  the  composition  of 
oats  varies  with  variety,  climate,  season,  and 
manuring,  in  much  the  same  way  as  wheat  does. 
Of  these  variations,  those  due  to  the  variety  of 


oat  are  of  most  importance,  particularly  in  the 

’ Trans.  H.  & Ag.  Soc.  1901,  v.  13,  292  and  293. 

^ U-S.  Hep.  of  Agric.  Office  of  Expt.  Sta.  Bull.  28, 
1899. 
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manufacture  of  oatmeal.  The  proportion  of 
husk  to  kernel  is  of  most  significance,  and  the 
individual  Scotch  analyses,  of  which  the  mean 
is  given  in  the  table  above,  show  variations  in 
the  fibre  of  from  6 to  14  p.c.,  and  in  oil,  the  other 
variable  constituent,  of  from  4 to  over  8 p.c. 


Wilson  (Trans.  H.  and  Ag.  Soc.  1903,  v.  16,  183) 
gives  figures  relating  to  the  amount  and  com- 
position of  the  oatmeal  obtained  from  several 
varieties  of  oats  grown  on  the  same  experi- 
mental area  in  Aberdeen,  as  follows  : — 


Variety 

Year 

Husk,  p.c. 

Oatmeal,  p.c. 

Oil  in  oatmeal, 

p.c. 

Protein  in  oat- 
meal, p.c. 

Hun 

1901 

21-98 

66-21 

7-68 

14-37 

♦ 

1902 

21-36 

64-13 

7-74 

15-50 

Potato  . 

1901 

22-24 

66-32 

9-59 

15-44 

99  • * * 

1902 

22-47 

64-02 

10-01 

12-31 

Newmarket 

1901 

21-79 

66-65 

4-60 

14-37 

99 

1902 

20-46 

64-84 

6-63 

13-50 

See  also  Hendrick,  Trans.  H.  and  Agric.  See.  Of  the  very  large  number  of  other  cereal  grains 
1910,  xxii.  16.  consumed  as  food,  the  following  are  among  the 

Other  Cereal  Grains  and  Products  therefrom,  most  important : — 


No.  of 
samples 

Water 

Crude 

fat 

Crude 

protein 

Carbo- 

hydrates 

Crude 

fibre 

Ash 

Authority 

Rye 

German 

63 

13-37 

1-84 

11-52 

68-88 

2-55 

1-94 

K5nig 

American  (World’s  Fair)  . 

18 

10-62 

1-65 

12-43 

71-37 

2-09 

1-92 

Wiley 

J.tC'C/C' 

unhulled 

^ - - 

10-50 

1-60 

7-50 

67-40 

9-00 

4-00 

I 

hulled  .... 

— 

12-00 

2-00 

8-00 

76-00 

1-00 

1-00 

Wiley  1 

polished  .... 

— 

12-40 

0-40 

7-60 

78-80 

0-40 

0-60 

) 

Millet  {Panicum  miliaceum)  . 

unhulled 

6 

12-50 

3-89 

10-61 

61-11 

8-07 

3-82 

Konig 

99  . . • 

34 

9-00 

3-25 

12-83 

71-50 

8-84 

3-58 

Chamberlain 

hulled  .... 

9 

11-79 

4-26 

10-51 

68-16 

2-48 

2-80 

Konig 

Sorghum  saccharatum  . 

38 

15-17 

3-36 

9-26 

67-99 

2-51 

1-71 

99 

5,  vulgar e . 

12 

11-46 

3-79 

8-96 

70-25 

3-69 

1-95 

99 

Andro'pogon  sorghum 

10 

— 

3-25 

11-71 

81-58 

1-80 

— 

Chamberlain 

Chamberlain  {lx.)  has  calculated  the  feeding 
value  of  the  cereal  grains  of  American  origin  as 
follows  : — 


Produc- 
tion 
value, 
cals,  per 
gram 

Starch 

equiva- 

lent 

Albumi- 

noid 

ratio 

Wheat  . 

2 -08 

88-1 

6-5 

Barley  . 

1-99 

84-2 

8-0 

Oats 

1-70 

72-0 

5-8 

Maize  . 

2-23 

94-2 

12-3 

Emmer 

1-64 

69-4 

6-0 

Einkorn 

1-60 

67-8 

5-2 

Bye 

2-08 

88-2 

6-9 

Panicum  miliaceum 

1-84 

78-1 

11-5 

Andro'pogon  sorghum 

2-06 

87-2 

10-5 

The  production  value  represents  the  number  of 
calories  of  energy  available  from  the  gram  of 
food,  after  deduction  has  been  made  for  the 
energy  in  the  excreta  and  the  energy  consumed 
in  digestion  processes.  The  starch  equivalent 
gives  the  effect  of  100  lbs.  of  these  foods  in  the 
production  of  fat  or  external  work  in  terms  of 
lbs.  of  pure  starch  required  to  produce  the  same 
effect.  A.  D.  H. 

CEREBRIN  V.  Enzymes. 

CEREBROSE  (Galactose)  v.  Cakbohydeates. 

CEREDINE,  Trade  name  for  a preparation 
of  dry  powdered  yeast. 


CERESIN,  Ceresin  occurs  in  commerce  in 
the  form  of  thin  round  masses  several  inches  in 
diameter,  harder  than  wax,  of  a dazzling  white 
appearance  ; inodorous,  and  transparent  at  the 
edges.  The  fracture  is  somewhat  similar  to  that 
of  wax,  but  ceresin  does  not  become  plastic  in 
warm  water.  The  melting-point  is  between  75° 
and  80°.  It  is  not  attacked  by  acids,  either  in 
the  cold  or  when  heated ; nor  by  alkalis,  which  do 
not  saponify  a trace  of  it.  It  is  entirely  volati- 
lised at  a high  temperature  without  alteration. 
Ceresin  is  apparently  a paraffin  ; it  does  not 
appear  to  be  obtained  from  coal  tar,  but  from 
Galician  ‘ earth- wax,’  ix.  ozokerite.  It  is  used 
as  a substitute  for  beeswax  (J.  Soc.  Chem.  Ind. 
11,  372). 

CERFLUORITE  v.  Ytteoceeite. 

CERIN  and  CERYL  CEROTATE  v.  Coek  ; 
Waxes. 

CERISE,  A trade  name  for  a variety  of 
aniline  red  and  acid  magenta. 

CERITE,  A hydrous  silicate  of  cerium 
metals.  Rammelsberg’s  analysis  (1859)  showed 
the  presence  of  64 ‘55  p.c.  GcgOg  with  7 ’28  p.c. 
(La,I)i)203  and  approximated  to  the  formula 
2Ce203-3Si02'3H20.  Later  analyses  showed  a 
predominance  of  lanthanum  and  didymium, 
suggesting  the  name  lanthanocerite.  Crystals 
are  orthorhombic,  but  of  rare  occurrence. 
The  mineral  is  usually  found  as  reddish  granular 
masses  much  resembling  in  appearance  certain 

1 Type  analyses  from  various  data. 
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varieties  of  corundum,  from  which,  however, 
it  is  readily  distinguished  by  its  lower  hardness 
(H.  5^  ; sp.gr.  4-9).  It  occurs  as  a bed  in 
gneiss  at  Bastnas  in  Sweden,  and  was  the 
material  in  which  the  element  cerium  was  first 
detected.  L.  J.  S. 

CERIUM.  Symbol  Ce.  At.  wt.  140*25  (H. 
Robinson,  Proc.  Roy.  Soc.  1884,  37,  150 ; 
Brauner  and  Batek,  Zeitsch.  anorg.  Chem.  1903, 
34,  103,  207).  The  most  abundant  of  the  rare- 
earth  elements.  The  metal  has  been  prepared  by 

(1)  the  electrolysis  of  the  fused  chloride  with  or 
without  an  admixture  of  barium  or  calcium 
chloride  or  alkah  chloride  ; (2)  the  electrolysis 
of  a mixture  of  cerium  dioxide  and  cerium 
fluoride  (Borders  and  Stockem,  D.  R.  P.  172529  ; 
Muthmann  and  Weiss,  Annalen,  1902,  320,  231  ; 
1904,  331,  1 ; 1907,  355,  116).  By  the  latter 
process,  the  yield  corresponds  with  57  p.c.  of  a 
current  of  750  amperes  and  7*5  volts  with 
current  densities  of  9-10  amperes  and  3 amperes 
per  sq.  cm.  at  cathode  and  anode  respectively. 

Metallic  cerium  has  the  colour  and  lustre  of 
iron ; its  hardness  is  comparable  with  that  of 
silver  or  tin ; m.p.  635°  (Hirsch),  623°  (Muth- 
mann and  Weiss)  ; sp.gr.  of  fused  product 
of  electrolysis  6*92  at  25°  ; sp.heat  0*05112 
(20°-100°)  ; hardness  (as  determined  by  the 
scleroscope),  25*9  and  9*5  for  rolled  and  freshly 
cut  surfaces  respectively  ; ultimate  strength  (as 
determined  in  an  Olsen  machine,  with  test  bars 
of  0*212  in.  diameter),  12,900  lb.  per  square  inch  ; 
and  no  elongation  with  a constant  load  at 
350  lb.  Cerium  is  paramagnetic ; magnetic 
susceptibility,  (K)-}- 182*2.10“®  (Monatsh.  1899, 
20,  369).  In  dry  air  the  metal  is  moderately 
stable,  but  becomes  superficially  tarnished  with 
yellow  dioxide.  The  temperature  of  ignition 
in  oxygen  is  about  150°-180°  (Annalen,  1903, 
325,  261).  The  metal  is  malleable  and  ductile  ; 
it  has  a fairly  high  latent  heat  of  fusion  and 
thermal  conductivity.  The  heat  of  oxidation 
of  the  metal  is  1740  cals,  per  gram,  or  60,900  cals, 
per  gram : equiv.  (CeO2=243,600)  ; the  wire 
burns  even  more  brightly  than  magnesium,  and 
combines  readily  with  the  halogens.  Cerium  is 
very  slightly  attacked  by  cold  water ; a slow 
evolution  of  hydrogen  occurs  in  boiling  water, 
and  the  metal  is  tarnished  black  ; it  is  readily 
dissolved  by  dilute  acids,  but  concentrated  nitric 
acid  produces  a brown  deposit  consisting  mainly 
of  dioxide.  By  heating  the  metal  to  345°  in 
hydrogen,  cerium  hydride  is  produced,  without 
luminescence.  At  1000°  it  combines  with 
nitrogen  to  form  the  nitride  ; and  direct  com- 
bination also  occurs  when  the  metal  is  heated  in 
sulphur  vapour  (Hirsch,  Met.  and  Chem.  Eng. 
1911,  9,  540).  Alloys  have  been  prepared  by 
melting  cerium  with  other  metals  under  molten 
sodium  and  potassium  chlorides  ; the  combina- 
tion with  aluminium,  magnesium,  bismuth, 
sihcon,  or  zinc  is  attended  by  a generation  of 
heat ; liquid  and  solid  cerium  amalgams  have 
also  been  obtained.  Cerium  silicide  (CeSig)  is 
formed  by  the  reduction  of  cerium  oxide  with 
graphite  and  silicon.  This  compound  is  brittle 
and  when  added  to  cerium  in  such  proportion 
that  the  mixture  contains  about  15  p.c.  of 
silicon,  forms  a good  pyrophoric  alloy.  The 
magnesium-cerium  alloys  are  excellent  for 
thermal  reduction  processes  since — the  combina- 
tion of  the  two  metals  being  endothermic — 


more  heat  is  developed  by  the  oxidation  of  the 
alloy  than  by  that  of  the  two  metals  in  admixture 
(Hirsch). 

When  scratched  or  rubbed  with  a steel  edge, 
cerium  emits  brilliant  sparks,  and  this  property 
has  been  utilised  in  the  preparation  of  gas 
lighters.  For  a description  of  pyrophoric 
cerium  alloys,  see  Engineering  and  Mining 
Journal,  1917,  p.  212 ; Vogel,  Zeitsch.  anorg. 
Chem.  1917,  99,  25. 

Separation  and  purification  of  ceria. — Of  all 
the  rare  earth  oxides,  ceria  is  most  readily 
isolated  in  a pure  state,  and  the  following 
methods  have  been  employed  in  separating  this 
oxide  from  lanthana,  praseodymia  and  neo- 
dymia  : — 

(1)  Treatment  of  the  hydroxides  suspended 
in  aqueous  caustic  alkalis  with  chlorine  ; ceric 
hydroxide  remains  undissolved,  while  the  other 
hydroxides  are  converted  into  soluble  chlorides 
and  hypochlorites  (Mosander,  J.  pr.  Chem.  1842, 
30,  276  : Mengel,  Zeitsch.  anorg.  Chem.  1899, 
19,  67). 

(2)  The  mixed  oxides  dissolved  in  hot  nitric 
acid  and  the  solution  evaporated  down  with 
ammonium  nitrate  until  ceric  ammonium  nitrate 
separates.  The  double  salt  is  crystallised  from 
nitric  acid  until  the  oxide  left  on  ignition  has  a 
light-yellow  colour  (Auer  von  Welsbach, 
Monatsh.  1884,  5,  508  ; Schottlander,  Ber.  1892, 
25,  378)  ; or  the  mixed  oxides  are  treated 
with  four  times  their  weight  of  concentrated 
nitric  acid  and  gradually  heated  to  60°.  The 
solution,  after  decantation  from  any  insoluble 
matter,  is  evaporated  to  a syrupy  consistency, 
mixed  with  water  from  10  to  30  times  the 
weight  of  the  oxides  taken,  and  1 gram  of 
ammonium  sulphate  added  for  each  litre  of 
solution.  The  liquid  is  boiled  for  a few  minutes, 
when  a pale  greenish-yellow  precipitate  of  basic 
ceric  nitrate  and  sulphate  is  formed,  which  is 
separated  and  washed  with  a solution  of  a 
mixture  of  ammonium  nitrate  and  sulphate 
(Wyrouboff  and  Verneuil,  Sterba). 

(3)  The  solution  of  mixed  nitrates  neutralised 
with  ammonia  and  boiled  with  magnesium  or 
sodium  acetate  and  hydrogen  peroxide  whereby 
cerium  is  completely  precipitated  as  a basic 
acetate  (Meyer  and  Koss,  Ber.  1902,  35,  672). 

(4)  The  mixed  ammonium  double  nitrates 
boiled  with  aqueous  ammonium  persulphate, 
calcium  carbonate  being  gradually  added  to 
keep  the  solution  neutral.  The  precipitate  con- 
tains all  the  cerium  as  ceric  nitrate  and  sulphate 
mixed  with  calcium  sulphate  (Witt  and  Theel, 
Ber.  1900,  33,  1315  ; cf.  Meyer  and  Marckwald, 
ihid.  3003). 

(5)  The  joint  action  of  potassium  per- 
manganate and  a,  basic  substance  (mercuric 
oxide,  zinc  oxide,  magnesia,  sodium  carbonate, 
&c.)  in  neutral  solution.  The  precipitate  con- 
tains aU  the  cerium  as  ceric  hydroxide  (Stolba, 
Ber.  bohm.  Ges.  Wiss.  1878  ; Drossbach,  Ber. 
1896,  29,  2452;  D.  R.  P.  143106;  Meyer, 
Zeitsch.  anorg.  Chem.  1903,  37,  378). 

The  last  of  the  foregoing  methods  is  generally 
applicable  to  the  mixed  oxides  of  the  rare  earths, 
and  permits  of  the  complete  separation  of 
cerium  in  one  operation.  These  processes  re- 
quire to  be  repeated  before  the  cerium  is  com- 
pletely freed  from  the  last  traces  of  lanthanum  ; 
thorium  also  is  removed  completely,  only  with 
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some  difficulty.  The  solution  of  nitrate,  mixed 
with  an  excess  of  ammonium  carbonate,  is 
treated  with  ammonia  when  the  greater  portion 
of  the  thorium  is  precipitated.  To  remove  the 
remainder,  anhydrous  cerium  sulphate  is  ’pre- 
pared and  added  to  ice-cold  water,  when  the  pure 
hydrated  salt  separates  (Wyrou  boff  and  Verneu  il, 
Compt.  rend.  1897,  124,  1230;  125,  950;  128, 
1331  ; Urbain,  Ann.  Chim.  Phys.  1900,  [7]  19, 
184 ; Sterba,  ibid.  1904,  [8]  2,  193  ; Brauner, 
Zeitsch.  anorg.  Chem.  1903,  34,  103  ; Meyer, 
ibid.  37,  378  ; Orloff,  Chem.  Zeit.  1906,  30,  733  ; 
1907,  31,  562  ; Neish,  J.  Amer.  Chem.  Soc.  1909, 
31,  517). 

Only  a small  proportion  of  the  cerium 
oxide  extracted  from  monazite  is  used  in  the 
mantle  industry,  the  greater  amount  is  em- 
ployed in  the  manufacture  of  sparking  alloys 
for  cigar  lighters,  &c.  A further  quantity  is 
used  (in  the  form  of  fluoride)  for  impregnating 
arc-light  carbons  ; in  weighting  silk,  in  the  dyeing 
and  photographic  industries,  and  to  a slight 
extent  in  medicine. 

Cerium  forms  several  series  of  compounds 
derived  from  the  oxides  CcgOg,  Ce407(?),  CeOg, 
and  CeOg. 

CeUOUS  CoMt-OUNDS. 

Cerium  hydride  CeH3(?).  Cerium  combines 
readily  with  hydrogen  at  250°-270°,  yielding  a 
brownish-black  amorphous  hydride  which  not 
improbably  consists  to  some  extent  of  CeH4. 
This  product  is  stable  in  dry  air  at  the  ordinary 
temperature,  but  on  heating  it  is  converted 
explosively  into  cerium  oxide  and  nitride 
(Matignon,  Compt.  rend.  1900,  131,  891  ; Muth- 
mann  and  Kraft,  Annalen,  1903,  325,  281). 

Cerous  fluoride  2CeF3,H20  (John,  Bull.  Soc. 
chim.  1874,  [2]  21,  533),  known  also  in  the 
anhydrous  condition,  and  employed  in  the 
electrolytic  production  of  the  metal  {v.  supra  ; 
and  cf.  &auner,  Ber.  1881, 1944  ; 1882, 109, 115  ; 
Monatsh.  1882,  3.  1). 

Cerous  chloride  CeCl3,7H20  or  2CeCl3,15HjO 
(J.  Amer.  Chem.  Soc.  1894,  16,  649  ; Ber.  1902, 
35,  2622). 

The  anhydrous  chloride,  a fusible  deliquescent 
crystalhne  mass,  is  obtained  by  the  following 
methods  : — 

(1)  Heating  the  dry  oxalate  or  cerium 
dioxide  in  hydrogen  chloride  (Robinson,  Proc. 
Roy.  Soc.  1884,  37,  150). 

(2)  Decomposing  cerium  carbide  with  chlorine 
or  hydrogen  chloride. 

(3)  Reducing  anhydrous  cerous  sulphate  to 
sulphide  by  heating  in  hydrogen  sulphide  and 
decomposing  the  latter  with  hydrogen  chloride 
(Ber.  1899,  32,  3413).  Cerous  sulphide  and 
hydrogen  bromide  yield  cerous  bromide. 

(4)  The  anhydrous  sulphate,  when  heated 
in  a current  of  chlorine  and  sulphur  chloride 
vapour,  is  converted  directly  into  cerous 
chloride. 

The  dry  chloride  is  readily  soluble  in  alcohol 
and  ebullioscopic  determinations  of  the  mole- 
cular weight  in  this  solvent  gave  numbers  corre- 
sponding with  CeClg  (Muthmann,  Ber.  1898,  31, 
1829). 

It  forms  double  salts  with  the  chlorides  of 
mercury,  gold  and  platinum,  and  of  certain 
organic  bases. 

Cerous  bromide  CeBrg,  and  iodide  Cel ^ are 
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also  known,  as  are  the  bromate  Ce(Br03)3,9H20, 
and  iodate  CellOg  )3,2H20. 

Cerous  hydroxide  Ce(OH)3,  a white  pre- 
cipitate obtained  from  soluble  cerous  salts  with 
ammonia  or  caustic  soda,  is  stable  only  in  absence 
of  oxygen.  Exposed  to  air  it  becomes  slowly 
oxidised  to  yellow  ceric  hydroxide,  passing 
through  an  intermediate  reddish-violet  stage 
xCe(OH)3-yCe(OH)4  (J.  Amer.  Chem.  Soc.  1894, 
18,  649). 

Cerous  oxide  has  not  been  isolated  with 
certainty,  since  the  ignition  of  decomposable 
cerous  salts  (nitrate,  sulphate,  oxalate,  &c.)  leads 
to  the  production  of  cerium  dioxide.  The  re- 
duction of  the  latter  oxide  with  hydrogen  at 
high  temperatures  gives  rise  to  an  unstable  dark- 
blue  oxide  approximatmg  in  composition  to 
Ce407. 

Cerous  sulphide  CcgSg  {v.  supra),  a reddish 
purple  substance  (Ann.  Chim.  Phys.  1904,  [8] 
2,  193),  is  moderately  stable  in  air  and  slowly 
decomposed  by  boiling  water. 

Cerium  nitride  CeN,  obtained  by  heating 
cerium  in  nitrogen  (Annalen,  1903,  325,  261),  or 
by  passing  ammonia  over  heated  cerium  carbide 
(Compt.  rend.  1900,  131,  865),  is  decomposed  by 
water,  yielding  cerium  dioxide,  ammonia  and 
hydrogen.  An  explosive  cerium  ?izide  is  pre- 
cipitated by  adding  sodium  azide  to  aqueous 
cerous  nitrate  (Curtius  and  Darapsky,  J.  pr. 
Chem.  1900,  [2]  61,  408). 

Cerous  nitrate  Ce(N0,)3,6H20,  prepared  by 
(1)  dissolving  cerium  dioxide  in  nitric  acid  in  the 
presence  of  a reducing  agent ; (2)  decomposing 
cerous  oxalate  with  strong  nitric  acid.  De- 
liquescent triclinic  crystals.  When  heated 
strongly,  pure  cerous  nitrate  leaves  a residue  of 
pale-yellow  cerium  dioxide,  but  when  praseody- 
mium nitrate  is  present,  the  residual  oxide  is 
brown  (J.  Amer.  Chem.  Soc.  1909,  31,  517). 

Cerous  sulphate  Ce2(S04)3.  The  anhydrous 
sulphate  is  produced  by  dehydrating  the  hy- 
drated salt  at  400°.  Above  500°  it  decomposes, 
leaving  a residue  of  dioxide.  A saturated  solu- 
tion of  the  sulphate  at  0°  deposits  the  dodecahy- 
drate  Ce2(S04)g,12H20  (asbestos-like  needles). 
Above  3°  this  hydrate  is  labile,  and  at  higher 
temperatures  the  solution  of  the  sulphate 
deposits  hydrates  containing  12,  9,  8,  5,  and  4 
molecular  proportions  of  water.  With  the  sul- 
phates of  ammonium,  sodium,  and  potassium 
cerous  sulphate  forms  double  sulphates  iso- 
morphous  with  the  corresponding  salts  of 
lanthanum,  neodymium,  and  praseodymium. 
In  moderately  strong  sulphuric  acid,  cerous 
sulphate  gives  rise  to  the  acid  sulphate  Ce(HS04)3 
(Brauner  and  Picek,  Zeitsch.  anorg.  Chem.  1904, 
38,  322).  This  acid  salt  has  been  recommended 
as  an  oxidising  catalyst  in  the  production  of 
aniline  black,  0*3  gram  of  cerous  oxide  in  this 
form  sufficmg  to  develop  the  black  from  6 kilos 
of  aniline  hydrochloride. 

Cerous  carbonate  Ce2(C03)3,5H20,  prismatic 
crystals,  precipitated  from  solutions  of  cerous 
salts  by  ammonium  carbonate,  forms  soluble 
crystalline  double  carbonates  with  the  alkali 
and  ammonium  carbonates. 

Cerous  eobalticyanide  Ce2(C0C3N3)2,9H20. 
The  most  soluble  of  the  rare-earth  cobalti- 
cyanides  in  10  p.c.  hydrochloric  acid  (1000  pts. 
of  saturated  solution  contain  10 *75  parts  of  the 
salt). 
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Ceroiis  oxalate  062(0204)3,101120,  crystalline 
white  precipitate  (Power  and  Shedden,  J.  Soc. 
Chem.  Ind.  1900,  19,  636),  has  been  used 
medicinally  as  a sedative  in  sickness,  particu- 
larly that  of  pregnancy,  also  in  chronic  diarrhoea, 
hysteria,  epilepsy,  and  migraine. 

Cerous  phenoxide  has  been  recommended  as 
a non-irritant  disinfectant  (J.  Soc.  Chem.  Ind. 
1909,  1221  ; D.  R.  P.  214782). 

Cerous  aeetylacetonate 

Ce(CH3-C0-CH-C0-CH3)3,3H30,  obtained  by 
the  interaction  of  cerous  ammonium  nitrate, 
acetylacetone,  and  ammonia  (Urbain,  Ann. 
Chim.  Phys.  1900,  [7]  19,  184 ; Biltz,  Annalen, 
1904,  331,  334). 

Cerous  dimethyl  phosphate  Ce2(Me2P04)B,Il20 
white,  hexagonal  plates,  solubility  79 ‘6  at  25°, 
and  about  65  at  95°  (Morgan  and  James,  J. 
Amer.  Chem.  Soc.  1914,  36,  10). 

For  other  cerous  salts  of  organic  acids,  v.  Biltz, 
Annalen,  1904,  331,  334  ; Wolff,  Zeitsch.  anorg. 
Chem.  1905,  45,  89  ; Morgan  and  Cahen,  Chem. 
Soc.  Trans.  1907,  91,  477  ; Pharm.  J.  1907,  78, 
428  ; Rimbach  and  Kilian,  Annalen,  1909,  368, 
110  ; Pratt  and  James,  J.  Amer.  Chem.  Soc. 
1911,  33,  1330  ; Katz  and  James,  ihid.  1913,  35, 
872  ; Erdmann  and  Wirth,  Annalen,  1908,  361, 
190  ; Rimbach  and  Schubert,  Zeitsch.  physikal. 
Chem.  1909,  67,  183  ; Jantsch  and  Griinkraut, 
Zeitsch,  anorg.  Chem.  1913,  79,  305. 

For  complex  cerium  salts,  v.  Wyrouboff  and 
Verneuil,  Ann.  Chim.  Phys.  1906,  [8]  9,  289  ; 
Barbieri,  Atti  R.  Accad.  1908,  [5]  17,  1,  540. 

Ceric  Compounds. 

Cerium  carbide  CeC2  ; microscopic  crystals, 
sp.gr.  5‘23,  prepared  by  melting  together  in  the 
electric  furnace  cerium  dioxide  (192  parts)  and 
sugar  carbon  (48  parts),  using  a current  of  300 
amperes  and  60  volts  (Moissan,  Compt.  rend. 
1896,  122,  357  ; 1897,  124,  1233)  : 

2Ce02+C=Ce20s+C0 

Ce203+9C=2CeC3+3C0 

CeCs=CeC2+C 

When  decomposed  with  water,  the  carbide  yields 
75 ‘5  p.c.  acetylene,  20*5  p.c,  methane,  and  4 p.c. 
ethylene. 

Cerium  silicide  CeSi^  ; small  crystals  with 
a steely  lustre,  produced  by  heating  cerium 
dioxide  with  crystalline  silicon,  stable  in  air  and 
decomposed  by  acids  (Sterba,  Compt.  rend.  1902, 
135,  170). 

Ceric  oxide  {syn.  Cerium  dioxide)  CeOg  ; 
a white  or  light-yellow  powder,  sp.gr.  6 '405  ; also 
in  isotropic  crystals,  sp.gr.  6‘76-7'905.  The 
amorphous  oxide  is  prepared  by  (1)  the  oxidation 
of  the  metal  in  oxygen  ; (2)  the  ignition  of  cerous 
salts  (nitrate,  sulphate,  carbonate,  oxalate)  or 
ceric  compounds  (hydroxide,  nitrate,  sulphate). 
The  colour  of  ceric  oxide  is  pure  white  when 
prepared  at  low  temperatures,  but  becomes  pale 
yellow  with  decrease  in  volume  on  ignition 
(Spencer).  It  darkens  when  heated,  but 
becomes  nearly  colourless  or  at  most  pale  yellow 
when  cooled.  The  colour  of  ordinary  ceria  is 
probably  due  to  traces  of  praseodymium 
peroxide.  The  ignited  oxide  is  insoluble  in 
hydrochloric  or  nitric  acid  or  in  dilute  sulphuric 
acid.  The  crystalline  form,  obtained  by  heating 
the  amorphous  variety  with  sodium  chloride, 
borax  or  potassium  hydrogen  sulphate,  is  quite 


unaffected  by  acids  or  alkalis.  The  dioxide  is 
reduced  with  difficulty  by  aluminium  and 
magnesium,  when  the  corresponding  cerium 
alloys  are  produced.  For  further  references  to 
cerium  dioxide,  v.  Compt.  rend.  1895,  120,  663  ; 
1897,124,  618,1233,1300;  125,950;  1901,133, 
221;  Ber.  1900,  33,  3003,  3506;  Ann.  Chim. 
Phys.  1904,  [8]  2,  193  ; Zeitsch.  anorg.  Chem. 
1903,  34,  103,  207  ; 37,  378) ; Hofmann  and 
Hoschell,  Ber.  1914,  47,  238  ; Jiede  and 
Birbrauer,  Zeitsch.  anorg.  Chem.  1914,  87,  160  ; 
Bekk,  Ber.  1913,  46,  2574  ; Reimer,  J.  Amer. 
Chem.  Soc.  1915,  37,  1636). 

Ceric  hydroxide  Ce(OH)4,  a yellowish 
precipitate  obtained  from  soluble  ceric  salts  by 
means  of  ammonia  or  the  caustic  alkalis.  Cerous 
hydroxide  is  slowly  oxidised  to  ceric  hydroxide 
by  atmospheric  oxygen  and  more  rapidly  by 
mild  oxidising  agents. 

Although  ceric  hydroxide  is  more  stable  than 
the  lower  hydroxide,  the  ceric  salts  are  less  stable 
than  the  cerous  compounds.  Ceric  chloride 
itself  has  not  been  isolated,  but  its  additive 
compounds,  RgCeClg,  with  the  salts  of  organic 
bases  (pyridine,  quinoline,  trie  thy  lamine,  &c.) 
are  stable  in  alcoholic  solution. 

Colloidal  eerie  hydroxide  is  obtained  by 
dialysing  an  aqueous  solution  of  ceric  ammonium 
nitrate.  The  hydrosol  is  readily  coagulated 
and  dries  to  a gummy  mass,  soluble  in  hot  water 
(Biltz,  Ber.  1902,  35,  4431  ; 1904,  37,  1095). 

Cerie  sulphate  Ce(S04)2.  The  anhydrous  salt 
is  produced  by  heating  the  dioxide  with  strong 
sulphuric  acid.  With  the  diluted  acid  oxygen  is 
evolved,  and  the  resulting  solution  deposits,  on 
concentration,  ceri-cerous  hydrogen  sulphate 
2Ce(S04)2,Ce2(S04)3,H2S04,24H20  (Brauner, 
Zeitsch.  anorg.  Chem.  1904,  39,  261),  and  then 
yellow  hydrated  ceric  sulphate,  Ce(S04)2,4H20. 
The  former  of  these  compounds  corresponds  with 
the  intermediate  oxide  Ce407(=2Ce02,Ce203).'' 

Ceric  sulphate  forms  a series  of  double 
sulphates  (e.y.  Ce(S04)2,2K2S04,2H20)  with  the 
alkali  sulphates. 

Basic  ceric  sulphates,  4Ce02,3S03,12H20, 
and  2Ce02,3S03,4H20  have  been  described  by 
Hauser  and  Wirth  (Zeitsch.  anorg.  Chem.  1908), 
and  Ce02S03,2H20,  and  3Ce0a,4S03  by  J.  F. 
Spencer  (Chem.  Soc.  Trans.  1915,  107,  1265). 

Cerie  nitrate  Ce(N03)3‘0H,3H20.  This  basic 
salt  separates  from  a solution  of  ceric  hydrox- 
ide in  nitric  acid.  The  normal  ceric  nitrate 
has  not  been  isolated,  but  the  double  nitrates 
R2^Ce(N03)8,  where  Ri  is  ammonium  or  an 
alkali  metal,  are  well-defined  crystalline  sub- 
stances, having  a bright-red  colour ; they  are 
very  hygroscopic  and  readily  soluble  in  alcohol  or 
water.  The  double  nitrates  RnCe(N03)6,8H20, 
where  R=Mg,Zn,Ni,Co,Mn,  form  a well-defined 
series.  These  cerium  double  nitrates  are  quite 
analogous  to  the  corresponding  double  nitrates 
of  thorium. 

For  other  ceric  salts,  Barbieri,  Atti  R. 
Accad.  Lincei,  1907,  [5]  16,  644  ; Ber.  1910,  43, 
2214.  For  double  ceric  fluorides,  v.  Brauner, 
Ber.  1881,  1944  ; Monatsh.  1882,  3,  1 ; Chem. 
Soc.  Trans.  1882,  41,  68  ; Rimbach  and  Kilian, 
Annalen,  1909,  368,  101  ; Pozzi-Escot,  Compt. 
rend.  1913,  156,  1074 ; Browning  and  Flora, 
Amer,  J.  Sci.  1903  [iv.]  15,  177). 

For  ceric  aeetylacetonate,  Ce(CHAc2)4,  me 
Job  and  Goissedlt,  Compt.  rend.  1913,  157,  50. 


CERIUM  METALS  AND  EARTHS. 


Cerium  peroxide  and  its  derivatives.  The 

addition  of  ammonia  and  hydrogen  peroxide  to 
a solution  of  a cerous  salt  determines  the 
precipitation  of  reddish-brown  hydrated  cerium 
'peroxide  Ce(02H)(0H)3.  When  cerous  nitrate 
or  chloride  is  added  to  concentrated  aqueous 
potassium  carbonate,  the  solution  takes  up 
atmospheric  oxygen  and  assumes  a deep -red 
colour.  The  liquid  slowly  deposits  crystal- 
line dark-red  potassium  per-ceric  carbonate 
4KoC03,Ce(C03)303,12H.,0.  In  the  presence  of 
glucose,  this  alkaline  solution  acts  catalytically. 
When  shaken  in  the  air,  oxygen  is  taken  up  and 
the  per-ceric  compound  produced.  On  stand- 
ing, this  substance  is  reduced  by  the  glucose  to 
cerous  salt,  and  the  colour  disappears.  Re- 
peated shaking  leads  to  renewed  production  of 
per-ceric  compound,  so  that  oxidation  and  re- 
duction proceed  alternately  to  an  indefinite 
extint  (Pissarjewski,  J.  Russ.  Phys.  Chem.  Soc. 
1900,  32,  609  ; Zeitsch.  anorg.  Chem.  1902,  31, 
359  ; Wyrouboff  and  Verneuil,  Compt.  rend. 
1898,  127,  863  ; Job,  Compt.  rend.  1898,  126, 
246;  1899,  128,  178,  1089;  1902,  134,  1052; 
1903,  136,  45  ; Engler,  Zeitsch.  anorg.  Chem. 
1902,  29,  1 ; Ber.  1903,  36,  2642  ; 1904,  37,  49, 
3268). 

Applications  of  Cerium. — Metallic  cerium  (in 
the  form  of  ‘mischmetal,’  v.  Cerium  Mett^ls), 
has  been  used  in  the  reduction  of  the  refractory 
oxides  of  columbium,  tantalum,  molybdenum, 
&c. 

The  oxidising  action  of  cerium  compounds 
has  led  to  their  use  in  photography  (Lumi^re, 
Compt.  rend.  1893,  116,  574),  and  as  oxidising 
catalysts  in  organic  preparations  (Atti  R.  Accad. 
Lincei,  1907  [5]  16,  i.  395),  and  as  an  ingredient 
of  ‘ driers.’  The  oxides  have  been  suggested 
for  use  in  colouring  glass  (Chem.  Ind.  1904,  27). 
Cerium  salts  have  been  employed  as  mordants 
in  dyeing.  In  the  preparation  of  leather,  hide 
powder  decomposes  cerium  salts,  fixing  the 
element  in  the  form  of  hydrated  oxide.  The 
hide  partially  reduces  ceric  sulphate  or  ceric 
ammonium  nitrate,  absorbing  oxygen  and 
yielding  a good  quality  of  leather  which  has  a 
yellow  tint  and  resists  the  action  of  water 
(Garelli,  Atti  R.  Accad.  Lincei,  1907,  [5]  16,  i. 
532). 

In  addition  to  cerous  oxalate,  other  salts 
{e.g.  hypophosphate,  and  double  ammonium 
citrate,  tartrate  and  lactate)  have  been  utilised 
medicinally  in  the  treatment  of  sea-sickness  and 
nervous  disorders.  Incandescent  gas  mantles 
contain  about  1 p.c.  of  ceria  and  99  p.c.  of 
thoria  (Meyer  and  Anschutz,  Ber.  1907,  40, 
2639). 

(For  the  detection  and  estimation  of  cerium, 
V.  Analysis.) 

For  a bibliography  of  cerium,  see  Hirsch, 
J.  Soc.  Chem.  Ind.  1912,  477.  G.  T.  M. 

CERIUM  METALS  AND  EARTHS.  (The 
Rare  Earths.)  The  so-called  rare  earths  include 
a series  of  basic  oxides,  very  similar  in  physical 
and  chemical  properties,  which  are  generally 
found  associated  in  certain  rare  minerals  of 
complex  composition  (silicates,  phosphates, 
titanates,  columbates,  tantalates,  zirconates). 

The  metals  contained  in  these  oxides  may  be 
divided  roughly  into  two  groups,  named  after 
the  minerals  cerite  and  ytterhite,  in  which  the 
rare  earths  were  first  discovered. 
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The  cerite  metals  {cerium  group)  are  cerium, 
lanthanum,  neodymium,  praseodymium  and 
samarium. 

The  ytterbite  metals  {yttrium  group)  include 
dysprosium,  holmium,  erbium,  europium,  gado- 
linium, lutecium,  celtium,  sca'iidium,  terbium, 
thulium,  ytterbium  {neoytterbium),  and  yttrium. 
Of  the  latter  section,  europium,  gadolinium,  and 
terbium  form  an  intermediate  series  (the  terbium 
group)  connecting  the  cerium  metals  with  the 
remaining  rare  earths  of  the  yttrium  group 
proper.  Closely  associated  with  these  elements 
is  the  metal  thorium,  and  zirconium  is  generally 
included  in  the  category  of  the  metals  of  the  rare 
earths. 

Historical  Summary.  In  1794  ytterbite, 
obtained  from  Ytterby  near  Stockholm,  was 
shown  by  Gadolin,  its  discoverer,  to  contain  a 
new  oxide,  to  which  Ekeberg  subsequently  gave 
the  name  yttria.  From  the  Swedish  mineral 
cerite,  Klaproth,  in  1803,  isolated  another  new 
oxide  which  is  called  ceria  by  Berzelius  and 
Hisinger,  who  also  examined  it.  Thoria  was 
isolated  by  Berzelius  in  1828  from  the  silicate 
thorite,  found  at  Brevig  in  Norway. 

In  1839  Mosander  isolated  the  oxides  lanthana 
and  didymia  (Annalen,  1839,  32,  235  ; 1842,  44, 
125)  from  cerite,  and  also  effected  a further 
separation  from  ytterbite  of  the  earths  erbia  and 
terbia  (Phil.  Mag.  1843,  23,  251  ; J.  pr.  Chem. 
1843,  30,  288).  In  1878  Marignac  separated 
from  crude  erbia  a less  basic  colourless  component 
which  he  called  ytterbia  (Compt.  rend,  1878,  87, 
578),  and  this  fractionation  was  speedily  followed 
by  Nilson’s  discovery  of  scandia,  the  least  basic 
of  the  ytterbite  earths,  and  its  identification  as 
the  oxide  of  the  hypothetical  ekaboron,  predicted 
by  Mendeleeff.  In  the  same  year  Cleve  effected 
a further  separation  of  the  old  ‘ erbia  ’ and 
found  two  new  earths,  namely  thulia  and 
holmia  (Compt.  rend.  1879,  89,  478,  708).  The 
doubt  expressed  by  Marignac  as  to  the  homo- 
geneity of  didymia  was  shared  by  Delafontaine, 
on  the  ground  of  spectroscopic  evidence  (Compt. 
rend.  1878,  87,  634),  and  substantiated  by  Lecoq 
de  Boisbaudran  (Compt.  rend.  1879,  88,  323), 
who  isolated  from  this  earth  the  less  basic  oxide 
samaria.  The  didymia  left  after  the  removal  of 
the  last-mentioned  oxide  was  still  regarded  as  a 
mixture  by  Brauner  (Monatsh.  1882,  3,  486  ; 
Chem.  Soc.  Trans.  1882,  43,  278),  and  in  1885 
Auer  von  Welsbach,  by  fractional  crystallisation 
of  the  double  didymium  nitrates  of  ammonium 
and  potassium,  succeeded  in  separating  this 
earth  into  two  components,  which  he  named 
neodymia  and  praseodymia  (Monatsh.  1885,  6, 
477).  Lecoq  de  Boisbaudran  now  showed  that 
Clove’s  holmia  was  a mixture  containing  a new 
constituent  dysprosia  (Compt.  rend.  1886,  102, 
1003),  the  simple  nature  of  which  was  after- 
wards confirmed  by  Urbain  (Compt.  rend.  1904, 
139,  736,  and  1905,  141,  521). 

Gadolinia,  which  had  been  recognised  by 
Marignac  in  samarskite  (Compt.  rend.  1880,  90, 
899),  was  isolated  in  a more  definite  form  by 
Lecoq  de  Boisbaudran- (Compt.  rend.  1889,  108, 
165;  1890,  111,  409,  472),  and  by  Bettendorf 
(Annalen,  1890,  256,  159  ; 1891,  263,  164  ; 1892, 
270,  376),  and  further  purified  by  Demar9ay  and 
by  Urbain  and  Lacombe  {v.  Gadolinium). 
Further  researches  by  Demar9ay  on  Clove’s 
samaria  led  to  the  isolation  of  europia  (Compt. 
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rend.  1890,  122,  728),  an  earth  provisionally 
symbolised  as  2,  and  afterwards  shown  to  be 
identical  with  oxides  indicated  by  the  symbols 
Ze  and  Zf  (Lecoq  de  Boisbaudran,  Compt.  rend. 
1892,  114,  575;  1893,  116,  611,  674)  and  Ss 
(Crookes,  Compt.  rend.  1885,  100,  1380,  1495  ; 
Proc.  Roy.  Soc.  1885,  38,  414). 

Terbia,  which  occurs  only  in  small  amount 
in  ytterbite,  has  been  isolated  in  a purified  state 
by  Urbain  (v.  Terbium),  and  Marignac’s  ytterbia 
(lx,)  has  been  fractionated  by  Auer  von  Wels- 
bach  (Monatsh.  1906,  27,  935),  and  separated 
into  two  components,  neoytterbia  and  lutecia,  by 
Urbain  (Compt.  rend.  1907,  145,  759).  In  1911 
Urbain  discovered  that  the  lutecium  from 
gadolinite  is  accompanied  by  a small  quantity  of 
a rare  earth  metal  which  he  called  celtium 
(Urbain,  Compt.  rend.  1911,  152,  141). 

Occurrence  {v.  Das  Vorkommen  des  seltenen 
Erden,  Schilling,  1904  ; Phipson,  Chem.  News, 
1896,  73,  145).  The  following  is  a short  descrip- 
tion of  the  most  important  sources  of  the  rare 
earths : — 

(For  details  concerning  the  various  minerals, 
see  under  their  respective  headings.) 

1.  Minerals  containing  chiefly  Cerium  Earths. 

Cerite  (ochroite,  cererite,  cerinstein),  a 
hydrated  silicate  containing  60-70  p.c.  of  cerium 
and  its  allies,  together  with  smaller  amounts  of 
iron,  calcium,  and  the  yttrium  earths,  found 
in  the  Bastnas  mine  at  Ryddarhyttan  in 
Sweden. 

Orthite  (allanite,  bodenite,  cerine,  muromont- 
ite,  pyrorthite,  tautolite,  uralorthite,  wasite), 
a double  silicate  of  aluminium  and  the  cerium 
metals  (16-25  p.c.),  together  with  smaller 
quantities  of  thorium,  iron,  calcium,  and  the 
yttrium  metals  ; found  m Greenland,  Scandi- 
navia (Arendal,  Hitteroe,  Stockholm),  United 
States  (New  York,  North  Carolina,  Pennsylvania, 
Virginia,  Texas),  Ural  Mountains  (Miask),  and  in 
several  localities  in  Germany. 

Monazite  (cryptolite,  edwarsite,  eremite, 
mengite,  turnerite),  an  orthophosphate  of  the 
cerium  metals  (Ce,  La,  Nd,  Pr)™^  PO4,  con- 
taining 40-70  p.c.  of  these  elements  together 
with  varying  amounts  of  thorium  (0-18  p.c.)  ; 
it  occurs  in  the  plutonie  and  older  volcanic 
rocks,  and  in  the  alluvial  sands  of  the  rivers  and 
coasts  of  Brazil,  North  and  South  Carolina,  and 
Travancore,  in  the  Federated  Malay  States, 
Ceylon  and  Nigeria,  &c. 

JEschenite.  A complex,  columbate-titanate, 
containing  approximately  equal  proportions 
(13-23  p.c.)  of  thorium  and  the  cerium  metals, 
together  with  a small  proportion  of  the  yttrium 
group,  found  at  Hitteroe  (Norway)  and  Miask 
(Ural  Mountains). 

2.  Minerals  containing  chiefly  Yttrium  Earths. 

Ytterbite  (gadolinite),  a basic  silicate  con- 
taining yttrium  earths  (40-48  p.c.)  and  cerium 
earths  (5-10  p.c.),  together  with  glucinum  and 
iron ; found  in  Colorado,  Germany  (Harz 
Mountains  and  Silesia),  Scandinavia  (Fahlun, 
Hitteroe,  Ytterby),  and  Texas. 

Yttrialite,  a silicate  of  the  yttrium  metals 
(43-47  p.c.),  thorium  (10-12  p.c.),  and  cerium 
metals  (5-8  p.c.),  found  in  Texas. 

Xenotime,  a phosphate  of  the  yttrium  metals 


(54-64  p.c.),  corresponding  with  monazite  ; it 
contains  also  smaller  amounts  of  the  cerium 
metals  and  thorium  ; found  in  Brazil,  North 
Carolina,  Georgia,  Norway,  Sweden  and  Switzer- 
land. 

The  following  minerals  contain  the  yttrium 
earths  and  smaller  quantities  of  thoria  and  the 
cerium  earths  united  with  varying  proportions 
of  the  more  acidic  oxides  of  columbium,  tanta- 
lum, titanium,  tungsten,  tin,  uranium,  silicon, 
and  zirconium. 

Fergusonite  (bragite,  kochelite),  found  in 
Ceylon,  Greenland,  Arendal,  Ytterby,  Massa- 
chusetts, North  Carolina,  and  Texas. 

Yttrotantalite,  found  in  Norway,  Sweden,  and 
the  Ural  Mountains. 

Samarskite  (nohlite,  vietinghofite,  ytteroil- 
menite),  found  in  Canada,  Connecticut,  North 
Carolina,  and  Ural  Mountains  (Miask). 

Polycrase,  found  in  Canada,  Scandinavia,  ^and 
North  and  South  Carolina. 

Euxenite  (loranskite),  found  in  North 
Carolina,  Norway  Hitteroe,  Brevig),  and 
Swaziland. 

Many  other  rare  complex  minerals  (fluorides, 
zircono-silicates,  titanates,  columbates,  tanta- 
lates,  uranates,  &c.)  contain  considerable 
amounts  of  the  rare  earths,  which  are  also  not 
infrequently  found  in  small  quantities  in 
commoner  minerals  {e.g.  limestones,  apatites, 
scheelites,  &c.).  Traces  of  the  rare  earth  metals 
have  been  detected  in  mineral  waters,  in  the 
ashes  of  plants,  in  urine,  and  in  bone  ash. 

Extraction  of  the  Rare  Earths. — The  finely 
powdered  mineral,  made  into  a paste  with 
concentrated  sulphuric  acid,  is  heated  till  the 
mass  becomes  dry  and  hard.  The  product  is 
extracted  with  water,  the  solution  treated  with 
hydrogen  sulphide  to  remove  copper,  bismuth, 
molybdenum,  &c.,  and  the  metals  of  the  rare 
earths  precipitated  as  oxalates  by  the  addition  of 
oxalic  acid.  The  oxalates  are  decomposed  at 
400°,  the  residual  oxides  dissolved  in  dilute 
sulphuric  acid,  and  the  solution  saturated  with 
sodium  or  potassium  sulphate,  when  the  double 
sulphates  of  the  cerium  metals  are  precipitated, 
whilst  those  of  the  yttrium  metals  remain 
dissolved. 

The  complex  minerals  containing  columbium, 
tantalum,  titanium,  &c.,  may  be  decomposed  by 
hydrofluoric  acid,  when  the  foregoing  elements 
form  soluble  fluorides,  whilst  the  fluorides  of  the 
rare  earth  metals  are  precipitated.  Or  these 
minerals  may  be  broken  up  by  heating  with 
strong  sulphuric  acid  or  potassium  hydrogen 
sulphate  and  the  rare  earths  precipitated  by 
ammonia  from  the  solution  of  their  sulphates. 
These  hydrated  oxides  are  freed  from  the  co- 
precipitated columbium,  tantalum,  and  titanium 
hydroxides  by  prolonged  boiling  with  nitric  acid, 
when  the  latter  hydroxides  separate  in  an  in- 
soluble form.  The  rare  earths  are  precipitated 
as  oxalates  from  their  solution  in  nitric  acid,  the 
oxalates  ignited,  and  the  resulting  oxides  sub- 
jected again  to  the  nitric  acid  treatment  until  a 
complete  separation  is  effected.  Or  the  minerals 
may  be  heated  in  the  vapour  of  disulphur 
dicjfiloride  SgCla,  or  carbonyl  chloride  COClg, 
when  the  chlorides  of  columbium,  tantalum, 
titanium,  &c.,  are  volatilised,  and  the  rare 
earth  metals  are  converted  into  non-volatile 
chlorides  (Hicks,  J.  Amer.  Chem.  Soc.  1911,  33, 
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1492 ; Barlot  and  Chauvenet,  Compt.  rend. 
1913,  157,  1153). 

The  methods  of  separatmg  and  purifying  the 
rare  earths,  which  will  be  further  described 
under  the  appropriate  headings  (v.  Cerium, 
Yttrium  ; Terbium  ; Thorium,  &c.)  may  be 
divided  into  the  following  two  classes  : — 

1.  Separations  based  on  differences  of 
basicity. 

a.  The  fractional  precipitation  of  the  earths 
with  bases  of  varying  strengths  : ammonia, 
caustic  alkahs,  magnesium  hydroxide,  organic 
bases. 

h.  The  fractional  decomposition  by  heat  of 
the  solid  nitrates  and  other  salts. 

2.  Separations  based  on  differences  of  solu- 
bihty. 

Considerable  ingenuity  has  been  shown  in 
separatmg  the  metals  of  the  rare  earths  by 
taking  advantage  of  the  slight  differences  of 
solubility  exhibited  by  their  salts  with  acids  of 
widely  different  types.  The  following  series 
does  not  exhaust  the  list  of  compounds  which 
have  been  utilised  in  these  intricate  separa- 
tions : Sulphates,  double  sulphates,  nitrates, 
double  nitrates,  chromates,  bromates,  formates, 
oxalates,  succinates,  ethyl- sulphates,  acetyl- 
acetonates,  dimethyl  phosphates,  glycollates, 
and  sulphanilates  {cf.  James,  J.  Amer.  Chem. 
Soc.  1912,  34,  757). 

The  progress  of  these  separations  is  con- 
trolled by  chemical  and  physical  methods. 

1.  The  chemical  control  consists  in  deter - 
mming  the  equivalent  of  any  fraction  either  by 
a gravimetric  analysis  of  its  sulphate  (Kriiss, 
Zeitsch.  anorg.  Chem.  1893,  3,  44  ; Wild,  ibid. 
1904,  38,  191  ; Brill,  ibid.  1908,  47,  464  ; Jones, 
ibid.  1903,  36,  92  ; Brauner  and  Pavlicek,  Chem. 
Soc.  Trans.  1902,  81,  1243),  or  by  a volumetric 
analysis  of  its  oxalate  (iFeit  and  Przibylla, 
Zeitsch.  anorg.  Chem.  1905,  43,  202). 

2.  The  physical  methods  consist  in  observing 
the  magnetic  susceptibihty  of  the  fractions  and 
their  spectroscope  characters.  The  rare  earths 
differ  considerably  in  magnetic  susceptibility, 
and  determinations  of  its  amount  are  readily 
made  by  the  magnetic  balance  of  Curie  and 
Chereveau  (Urbain,  Compt.  rend.  1908,  146,  406, 
922  ; 1908,  147,  1286 ; 1909,  149,  37 ; 1910, 
150,  913  ; 1911,  152,  141  ; 1914,  159,  323). 

The  most  convenient  spectroscopic  con- 
trols are  (i.)  the  absorption  spectra,  exhibited  by 
solutions  of  the  salts  of  many  rare  earths  {e.g. 
neodymium,  praseodymium,  samarium,  terbium, 
erbium,  thulium,  dysprosium  and  europium)  ; 
(ii.)  the  arc  spectra,  in  which  all  the  rare  earths 
give  characteristic  lines  both  in  the  visible  and 
ultra-violet  regions  of  the  spectrum.  Carbon 
electrodes  are  employed,  the  lower  one  con- 
taining a hollow  in  which  is  placed  the  salt  under 
examination.  The  arc  spectra  are  photographed 
and  the  lines  identified  by  comparison  with  the 
photograph  of  an  iron  spectrum  taken  under 
similar  conditions.  The  method  is  extremely 
sensitive,  although  not  equally  so  for  different 
elements  {cf.  Spectrum  analysis  and  v.  Exner 
and  Hascheck,  Die  Wellenlangen  der  Bogen- 
spektra,  1904  ; and  Hagenbach  and  Konen,  Atlas 
der  Emissionspektren  der  meisten  Elemente, 
1905).  Other  emission  spectra  (the  flame,  spark, 
and  cathode  luminescence  spectra)  have  been 
found  to  o^ive  useful  indications  in  certain  cases 
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(Crookes,  Phil.  Trans.  1883,  174,  [3]  891  ; Proc. 
Roy.  Soc.  1885,  38,  414  ; 1886,  40,  77,  236,  502  : 
Chem.  News,  1886,  54,  39,  54,  63,  76,  155 ; 55, 
83,  95  ; 56,  59,  62,  72,  81  ; Chem.  Soc.  Trans. 

1889,  55,  255  ; Proc.  Roy.  Soc.  1899,  65,  237  ; 
Lecoq  de  Boisbaudran,  Compt.  rend.  1885,  100, 
1437  ; 101,  552,  588  ; 1886,  102,  153,  899  ;1536  ; 
103,  113,  627;  1887,  105,  258,  301,  343,  784; 

1890,  110,  24,  67  ; Bettendorf,  Annalen,  1892, 
270,  376  ; Baur  and  Marc,  Ber.  1901,  34,  2460). 

Physical  and  Chemical  Properties  oe  the 
Rare  Earths  and  their  more  Impor- 
tant Compounds. 

Hydrides.  The  rare  earth  metals  combine 
directly  at  220°-270°  with  hydrogen  to  form 
brittle  amorphous  solids  ranging  in  colour  from 
bluish-black  (Ce  and  La),  indigo  blue  (Nd),  to 
green  (Pr),  and  readily  dissociated  at  higher 
temperatures  (Muthmann,  Kraft  and  Beck, 
Annalen,  1902,  325,  261  ; 1904,  331,  581). 

Oxides  and  hydroxides.  The  metals  of  the 
rare  earths  were  formerly  supposed  to  be  diads 
{cf.  Wyrouboff,  Bull.  Soc.  chim.  1889,  [3]  2, 
745  ; 1899,  [3]  21,  118  ; Compt.  rend.  1899,  128, 
1573),  but  they  are  now  regarded  as  tervalent 
elements  forming  oxides  of  the  type  R2O3, 
although  cerium,  neodymium,  praseodymium, 
and  terbium  are  capable  of  yielding  higher 
oxides.  The  more  stable  oxides  of  thorium  and 
zirconium  are  of  the  form  ROg.  The  present 
view  of  the  valency  of  the  metals  of  the  rare 
earths  is  supported  by  the  following  facts  : — 

(i.)  The  isomorphism  of  bismuth  nitrate  and 
certain  nitrates  of  the  rare  earth  series  (Bodman, 
Ber.  1898,  31,  1237). 

(ii.)  The  cryoscopic  and  ebullioscbpic  deter- 
mination of  the  molecular  weights  of  the  chlorides 
and  acetylacetonates  (Ber.  1898,  31,  1829  ; 
Compt.  rend.  1901,  133,  289 ; Annalen,  1904, 
331,  334)  ; these  salts  are  thus  found  to  have  the 
general  formula  RX3. 

(hi.)  The  electrical  conductivity  of  the  chlor- 
ides and  sulphates  in  aqueous  solution  (Zeitsch. 
physikal.  Chem.  1899,  30,  193  ; Amer.  Chem.  J. 
1898,  20,  606). 

(iv.)  The  specific  heats  of  cerium,  lanthanum 
and  didymium  (Annalen,  1873,  168,  45  ; Ber. 
1881,  2821  ; Bull.  Soc.  chim.  1882,  [2]  38,  139). 

The  rare  earth  oxides  vary  considerably  in 
basic  power,  lanthana,  praseodymia,  neodymia, 
and  ceria,  Ce203,  being  the  strongest ; whilst 
neoytterbia,  lutecia,  scandia,  and  cerium  dioxide 
are  among  the  weakest  bases  of  the  series.  In 
general,  the  oxides  (R2O3)  of  the  cerium  metals 
are  stronger  bases  than  those  of  the  yttrium 
group. 

The  hydroxides  are  thrown  out  of  solution  as 
gelatinous  precipitates  by  ammonia,  ammonium 
sulphide,  and  the  caustic  alkalis,  even  in  the 
presence  of  ammonium  salts  ; but  this  precipita- 
tion is  prevented  by  citric  or  tartaric  acid 
(except  in  the  case  of  scandium).  Unlike 
thorium  and  zirconium,  the  metals  of  the 
cerium,  terbium,  and  yttrium  groups  are  not 
precipitated  as  hydrated  peroxides  from  neutral 
solutions  by  hydrogen  peroxide,  but  their  per- 
oxides separate  from  alkaline  solutions  (Brauner, 
Ber.  1881,  14,  1944  ; Cleve,  Bull.  Soc.  Chim. 
1885,  [2]  43,  53).  These  peroxides  are  very  un- 
stable, evolving  oxygen  at  even  the  ordinary 
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temperature  ; they  are  completely  destroyed  by 
acids  (v.  Cerium  ; cf.  Melikoff  and  Pissarjewski, 
Zeitsch.  anorg.  Chem.  1899,  21,  70). 

Chlorides.  The  chlorides  of  the  rare  earth 
metals  are  deliquescent  salts  readily  soluble  in 
water  or  alcohol,  and  crystallising  from  the 
former  solvent  with  G or  7 molecular  proportions 
of  water.  The  anhydrous  chlorides,  which  are 
fusible  at  red  heat,  but  very  slightly  volatile,  are 
obtained  either  by  evaporating  their  solutions 
to  dryness  with  ammonium  chloride,  by  heating 
the  corresponding  oxides  with  carbon  in  a stream 
of  chlorine,  or  preferably  by  heating  the  oxide  or 
dry  sulphate  in  a current  of  sulphur  chloride  or 
carbonyl  chloride  or  carbon  tetrachloride 
(Matignon  and  Bourion,  Compt.  rend.  1901,  133, 
289  ; 1902,  134,  657, 1308  ; 1904,  138,  631 ; 1905, 
140,  1181  ; Muthmann  and  Stiitzel,  Ber.  1899, 
32,  3413  ; Petterson,  Zeitsch.  anorg.  Chem.  1893, 
4,  1 ; Chauveret,  Compt.  rend.  1911,  152,  87). 

The  chlorides  of  the  rare  earth  metals  com- 
bine additively  with  ammonia  and  organic  bases 
(e.ff.  pyridine  ; cf,  Compt.  rend.  1905,  140,  141  ; 
J.  Amer.  Chem.  Soc.  1902,  24,  540  ; 1903,  25, 
1128  ; Ber.  1902,  35,  2622),  and  exhibit  a great 
tendency  to  ^iorm  double  salts  with  the  less 
electropositive  metals.  The  platinichlorides  of 
the  cerium  metals  are  isomorphous  and  crystal- 
lise in  regular  octahedra  (Ber.  1876,  1722  ; 
Annalen,  1878,  191,  331). 

Fluorides.  The  rare  earth  metals,  including 
thorium,  are  precipitated  completely  as  gela- 
tinous fluorides  by  soluble  fluorides  and  by 
hydrofluoric  and  fluosilicic  acids,  in  this  respect 
differing  from  zirconium,  which  forms  a soluble 
double  fluoride. 

Nitrides.  The  rare  earth  metals  when  heated 
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combine  directly  with  nitrogen  to  form  nitrides 
of  the  type  MN.  They  are  brittle  amorphous 
solids,  decomposed  by  moist  air  or  by  water, 
forming  ammonia  and  the  corresponding 
hydroxide. 

Nitrates.  The  nitrates  of  the  rare  earths 
dissolve  readily  in  water  or  alcohol,  those  of  the 
cerium  group  crystallising  with  6 molecular 
proportions  of  water,  whilst  the  corresponding 
salts  of  the  yttrium  group  contain  3-6  molecules 
of  water.  The  cerium  metals  readily  furnish 
stable  crystallisable  double  nitrates  with  the 
univalent  and  bivalent  metals  (ammonium, 
sodium,  magnesium,  &c.). 

Sulphates.  The  rare  earths  dissolve  in  dilute 
sulphuric  acid,  and  the  solutions  deposit 
hydrated  sulphates  containing  frequently  4,  8, 
or  12  molecules  of  water.  The  octahydrated  sul- 
phates of  praseodymium,  neodymium,  yttrium, 
gadolinium,  and  ytterbium  are  isomorphous 
(monoclinic)  ; but  the  cerous  salt  Ce2(S04)3, 
SHgO  is  rhombic.  With  excess  of  acid,  the 
normal  sulphates  of  the  rare  earths  are  con- 
verted into  acid  sulphates  of  considerable 
stabihty  (Bull.  Soc.  chim.  1889,  [3]  2,  745  ; 
Compt.  rend.  1902,  134,  657  ; Zeitsch.  anorg. 
Chem.  1904,  38,  322  ; Chem.  Soc.  Trans,  1902, 
81,  1243  ; James  and  Holden,  J.  Amer.  Chem. 
Soc.  1913,  35,  559). 

The  sulphates  of  the  rare  earths  have  the 
characteristic  property  of  combining  with  the 
alkali  sulphates  ; the  double  sulphates  of  the 
cerium  group  are  only  sparingly  soluble  in 
concentrated  solutions  of  the  alkali  salts,  whilst 
those  of  the  yttrium  group  are  readily  soluble. 


The  double  sulphates  of  the  terbium  group 
occupy  an  intermediate  position,  being  mode- 
rately soluble  in  solutions  of  alkali  sulphates. 

Carbides  of  the  rare  earth  metals  may  be 
prepared  by  heating  the  oxides  with  carbon  in 
the  electric  furnace.  They  have  the  general 
formula  MC2.  They  are  brittle,  crystalline 
solids,  transparent  in  thin  layers  and  of  a yellow 
colour.  They  are  decomposed  by  water, 
forming  a mixture  of  acetylene,  hydrogen, 
ethane,  and  ethylene,  and  the  hydroxide  of  the 
metal  M(OH)3. 

Carbonates.  Ammonium,  sodium,  and  potas- 
sium carbonates  precipitate  the  neutral  or  basic 
carbonates  from  solutions  of  the  rare  earths  ; but 
these  precipitates  are  soluble  in  excess  of  the 
reagents,  and  from  the  solutions  thus  obtained, 
crystalline  double  carbonates  are  deposited  on 
evaporation.  The  carbonates  of  the  yttrium 
metals  are  generally  more  soluble  than  those  of 
the  cerium  group  in  solutions  of  the  alkali 
carbonates. 

Oxalates.  The  rare  earth  oxalates  are 
precipitated  by  oxalic  acid  or  soluble  oxalates 
in  neutral  or  acid  solutions,  and  the  sparing 
solubility  of  these  compounds  in  acids  is  a 
characteristic  property  which  serves  to  separate 
the  rare  earths  from  other  metallic  bases  (Ber. 
1898,  31,  1718  ; 1899,  32,  409). 

The  oxalates  of  the  rare  earths  proper  dis- 
solve only  slightly  in  ammonium  oxalate, 
differing  in  this  respect  from  the  oxalates  of 
thorium  and  zirconium,  the  latter  being  also 
soluble  in  free  oxalic  acid  (Chem.  Soc.  Trans. 
1898,  73,  951).  Aqueous  ammonium  acetate 
dissolves  the  oxalates  of  the  yttrium  group  (Bull. 
Soc.  chim.  1896,  [3]  15,  338). 

Formates.  The  formates  of  the  cerium 
group  are  less  soluble  than  those  of  the  yttrium 
group.  These  salts  have  proved  useful  in 
separating  the  elements  of  the  terbium  group. 

Acetates.  The  acetates  of  the  cerium  group 
are  very  soluble  and  crystallise  with  difficulty  ; 
those  of  the  yttrium  group  are  less  soluble. 
Boiling  with  sodium  acetate  precipitates  zir- 
conium and  thorium  from  solutions  of  their 
soluble  salts,  but  not  the  rare  earths  proper, 
excepting  cerium  from  ceric  salts  (Ber.  1902,  35, 
672). 

Acetylacetonates.  Acetylacetone  furnishes 
well- crystallised  salts  with  the  rare  earths,  and 
the  fractionation  of  these  compounds  from 
alcohol  has  served  in  the  separation  of  the 
yttrium  group  (Urbain,  Compt.  rend.  1897,  124, 
618  ; Bull.  Soc.  chim.  1897,  [3]  17,  98  ; Ann. 
Chim.  Phys.  1900,  [7]  19,  184  ; Biltz,  Annalen, 
1904,  331,  60  ; Zeitsch.  anorg.  Chem.  1904,  40, 
218 ; Hantzsch  and  Desch,  Annalen,  1902, 
323,  26  ; Biltz,  ibid.  1904,  331,  334  ; James,  J. 
Amer.  Chem.  Soc.  1911,  33,  1332  ; Morgan  and 
Moss,  Chem.  Soc.  Trans.  1914,  105,  189). 

Dimethyl  phosphates.  A solution  of  the 
rare  earths  is  made  in  dimethyl  phosphoric  acid, 
the  temperature  raised  and  the  precipitate 
collected ; additional  fractions  are  obtained  by 
evaporating  the  mother  liquor.  In  the  case  of 
a material  containing  gadolinium  with  just 
sufficient  terbium  to  colour  the  oxide  orange - 
brown,  the  gadolinium  collects  in  the  most 
soluble  fraction,  and  the  terbium  in  the  least 
soluble.  Lanthanum,  cerium,  praseodymium, 
and  neodymium  are  left  in  the  mother  liquor. 
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Samarium,  europium,  and  gadolinium  are  much 
less  soluble  than  these,  but  more  soluble  than 
terbium,  dysprosium,  and  holmium,  erbium 
thuhum,  yttrium,  and  ytterbium  collect  in  the 
least  soluble  fractions  (Morgan  and  James,  J. 
Amer.  Chem.  Soc.  1914,  36,  10). 

The  Metals  of  the  Rare  Earths. — The  oxides 
of  the  rare  earths  are  very  refractory  substances, 
which  have  not  been  reduced  directly ; the 
metals  are  generally  set  free  from  the  anhydrous 
chlorides.  This  reduction  may  be  effected  with 
sodium  or  potassium,  but  is  preferably  carried 
out  electrolytically.  The  dry  chlorides,  mixed 
with  a small  proportion  of  alkali  chloride,  or 
barium  chloride,  are  electrolysed  in  a copper 
crucible,  fitted  with  carbon  electrodes,  the 
electrolysis  being  carried  out  with  a current  of 
30-40  amperes  and  12-15  volts.  The  mixed 
metal  collects  in  a molten  state  round  the 
cathode,  which  passes  through  the  bottom  of  the 
crucible.  The  anode  is  movable,  so  that 
the  resistance  and  therefore  the  temperature 
can  be  increased  until  all  the  separated  metal 
melts  together.  A yield  of  750  grams  of  metal 
can  be  obtained  with  a current  of  120  amperes 
in  6 hours. 

With  the  mixed  chlorides,  prepared  from  the 
waste  oxides  of  the  thoria  manufacture,  the  pro- 
duct is  the  so-called  ‘ mischmetal  ’ (Ce,  45  p.c.  ; 
La,  Nd,  Pr,  35  p.c.  ; Sm,  Er,  Gd,  Y,  20  p.c.), 
which  has  been  used,  like  aluminium  in  the 
Goldschmidt  process  (‘thermite  ’),  to  effect  the 
reduction  of  the  refractory  oxides  of  molybde- 
num, vanadium,  columbium,  and  tantalum 
(Muthmann,  Hofer,  and  Weiss,  Annalen,  1902, 
320,  331  ; 1904,  331,  1 ; 1905,  337,  370). 

Bihliogra'phy  of  the  Rare  Earths. — Bohm, 
Darstellung  der  seltenen  Erden ; Browning, 
Introduction  to  the  Rarer  Elements  ; Abegg, 
Handbuch  der  Anorganischen  Chemie,  vol.  hi. 
part  i.  ; Herzfeld  and  Korn,  Chemie  der  sel- 
tenen Erden ; Wyrouboff  and  Verneuil,  La 
Chimie  des  Torres  Rares.  G.  T.  M. 

CEROSIE  V.  Sugar  cane  wax  and  waxes. 

CEROSILINE  V.  Waxes. 

CEROTENE  A crystalline  hydro- 

carbon, m.p.  65°,  found  by  Konig  and  Kiesow 
(Ber.  6,  500)  associated  with  cholesterol  in  the 
fat  wax  of  hay  and  straw,  and  detected  by 
Knecht  and  Hibbert  in  ordinary  household 
chimney  soot  (Mem.  Manchester  Phil.  Soc.  1914, 
58,  [21  1). 

CEROTIC  ACID  C25H5PCOOH  is  found  free 
in  beeswax  (Brodie,  Phil.  Trans.  1848,  i.  147  ; 
Marie,  Ann.  Chim.  Phys-  1896  [7],  7,  145)  and 
combined  as  ceryl  cerofato  in  insect  wax 
(Brodie,  l.c.  ; Henriques,  Ber.  1897,  30,  1415), 
though  some  doubt  has  been  expre.':sed  as 
to  the  identity  of  the  latter  acid  with  that  in 
beeswax. 

CEROTIN  V.  Waxes. 

CEROTINE-ORANGE,  -PONCEAU,  -SCAR- 
LETS, -YELLOW  V.  Azo-  colouring  matters. 
CEROXYLIN  V.  Waxes. 

CERULEIN  V.  Alizarin  and  allied  colour- 
ing MATTERS. 

CERUSSITE.  Native  lead  carbonate 
(PbCOg),  of  some  importance  as  an  ore  of  lead 
(Pb,  77-5  p.c.),  being  known  as  white  lead-ore. 
It  crystallises  in  the  orthorhombic  system  and 
is  isomorphous  with  aragonite  (CaCOg)  and 


witherite  (BaCOg).  Six-rayed  stellate  groups 
of  twinned  crystals  are  extremely  characteristic. 
The  crystals  possess  an  adamantine  lustre,  are 
very  heavy  (sp.gr.  6-5),  and  effervesce  with 
dilute  acid  ; they  are  very  brittle,  breaking  with 
a bright  conchoidal  fracture  ; hardness,  3-3^. 
The  mineral  occurs  in  the  upper  oxidised  zones 
of  veins  of  lead  ore,  having  been  formed  by  the 
action  of  carbonated  surface  waters  on  galena. 
Enormous  deposits  of  cerussite  intermixed  with 
embolite  (silver  chloro-bromide)  and  iodyrite 
(silver  iodide)  have  been  extensively  mined  at 
Broken  Hill  in  New  South  Wales,  where  little  or 
none  of  the  oxisided  ore  now  remains.  Inti- 
mately mixed  with  hemimorphite  (hydrated  zinc 
silicate),  it  is  abundant  at  Broken  Hill  in  North- 
Western  Rhodesia.  At  both  of  these  localities, 
many  finely  crystallised  specimens  have  been 
found.  L.  J.  S. 

CERYL  ALCOHOL  v.  Waxes. 

CETIACOL.  Trade  name  for  pyrocatechol 
methylcetyl  ether. 

CETINE  V.  Waxes. 

CETOSAN.  Trade  name  for  a mixture  of 
the  higher  alcohols  of  spermaceti,  mainly  cetyl 
and  octodecyl  alcohols,  with  vaseline.  When 
shaken  with  water,  it  forms  a permanent  creamy 
emulsion  (Blatz,  J.  Soc.  Chem.  Ind.  1908.  865). 

CETYL  ALCOHOL.  CETYLIC  ACID  and 
CETYL-ACETIC  ACID  {v.  Spermaceti). 
CETYLMALONIC  ACID 

CHg(CH2)i5CH(C02H)2 

Prepared  from  a-cyanstearic  acid  and  potash 
(Hell  and  Sadomsky,  Ber.  1891,  2781),  or 
diethylmalonic  ester,  methyl  iodide,  and  cetyl 
iodide  (Guthzeit,  Annalen,  206,  357)  ; m.p. 
121  ‘5°-122°. 

CEVADINE  AND  THE  ALKALOIDS  OF 
VERATRUM  SPP.  The  sources  principally 
concerned  are  the  seeds  of  Schoenocaulon  officinale 
(A.  Gray)  {^Asagrcea  officinalis  (Bindley)],  and 
the  rhizomes  of  Veratrum  viride  (Ait.)  (green 
hellebore)  and  Veratrum  album  (Linn.)  (white 
hellebore),  all  of  which  belong  to  the  N.  0. 
LiJiacece,  and  have  nothing  in  common  with  the 
hellebores  proper,  which  belong  to  the  N.  0. 
Ranunculacece.  The  alkaloids  present  in  these 
three  drugs  are  as  follows  : — 

Sabadilla  seeds  Cevadine  (crystallised  veratrine) 
Cevine  (sabadinine) 

Veratridine  (amorphous  vera- 
trine) 

Sabadilline  (cevadilline) 
Sabadine 

White  Hellebore  Proto  veratrine 
Jervine 
Pseudo  jervine 
Rubijervine 
Protoveratridine 
Veratralbine 

Green  Hellebore  Cevadine 

Veratridine 
Jervine 
Pseudo  jervine 
Veratralbine 

It  should  be  noted  that  there  has  been  con- 
siderable confusion  in  the  nomenclature  of  these 
alkaloids.  Commercially  the  name  ‘ veratrine  ’ 
is  applied  to  an  amorphous  mixture  of  alkaloids 
obtained  from  sabadilla  seeds.  The  name 
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veratrine  is  also  frequently  applied  to  veratri- 
dine,  usually,  however,  with  the  prefix  ‘ amor- 
phous,’ and  to  cevadine,  with  the  prefix  ‘ crys- 
talline.’ The  name  veratridine  was  also  applied 
by  Robbins  (Pharm.  J.  1877-1878,  [iii._]  8,  316) 
to  a crystalline  alkaloid  contained  in  green 
hellebore,  and  which,  in  some  respects,  resembles 
protoveratrine.  It  is  not  identical  with  Bosetti’s 
veratridine  isolated  from  sabadilla  seed  (Ber. 
1883,  16,  1384). 

Alkaloids  of  Sabadilla  Seeds. 

^Cevadine  {crystallised  veratrine)  Cg2H49  0 9N  is 
the  chief  alkaloid  of  sabadilla  or  cevadilla  seeds 
{Schoenocaulon  officinale  [A.  Gray]). 

Preparation.  The  finely-powdered  seeds  are 
extracted  with  alcohol,  containing  1 p.c.  of 
tartaric  acid.  The  acid  liquid  is  evaporated 
and  diluted  with  water,  to  precipitate  resin.  To 
the  clear  solution  soda  is  added  in  slight  excess, 
and  the  mixture  completely  extracted  by 
repeatedly  shaking  with  ether.  The  ethereal 
solution  is  mixed  with  light  petroleum  and 
the  filtrate  allowed  to  evaporate  spontaneously. 
Crystals  of  cevadine  separate  from  the  syrup, 
and  are  recrystalhsed  from  their  solution  in 
alcohol.  The  remaining  syrup  contains  veratri- 
dine (amorphous  veratrine)  and  sabadilline 
(Wright  and  Luff,  Chem.  Soc.  Trans.  1878,  33, 
338). 

‘ Commercial  veratrine  ’ is  a macroscopically 
amorphous  mixture  of  cevadine  and  veratridine 
{g.v.),  possibly  with  small  quantities  of  other 
alkaloids.  It  was  deleted  from  the  B.P.  1914, 
but  is  retained  in  the  U.S.P.  It  is  used  exter- 
nally, chiefly  against  lice.  Sabadilla  seeds 
contain  about  0*7  p.c.  of  total  alkaloids,  of 
which  about  one-seventh  can  be  crystallised 
(cevadine). 

Properties.  Rhombic  prisms,  containing 
2C2H5OH  when  crystallised  from  alcohol.  The 
alcohol  is  lost  at  130°-140°,  and  the  alkaloid 
then  melts  at  205°  with  decomposition.  Nearly 
insoluble  in  water,  soluble  in  alcohol  or  ether. 
Optically  inactive  (Freund  and  Schwarz,  Ber. 
1899,  32,  800). 

The  aurichloride,  m.p.  182°  (decomp.),  and 
the  mercurichlbride,  m.p.  172°  (decomp.),  are 
eharacteristic  crystalline  compounds  (Ahrens, 
Ber.  1890,  23,  2700).  In  carbon  disulphide 
solution  additive  compounds  with  chloral  and 
bromal  are  formed  (Frankforter  and  Krit- 
schevsky,  J.  Amer.  Chem.  Soc.  1915,  37,  2567). 

Cevadine  is  intensely  poisonous ; minute 
quantities  cause  violent  sneezing. 

Reactions. — When  warmed  with  concentrated 
hydrochloric  acid  cevadine  produces  a fine 
purplish-red  colour,  which  is  a somewhat  delicate 
test  for  the  alkaloid.  Concentrated  sulphuric 
acid  produces  a carmine-red  colouration,  or,  if 
the  alkaloid  is  previously  mixed  with  a little 
sugar,  a blue  colour. 

Cevadine  is  a monacidic  tertiary  base.  It 
contains  no  methoxyl  groups  and  no  : NMe 
group  ; one  HO  ‘ group  is  present. 

When  anhydrous  cevadine  is  distilled  /8-pico- 
line  is  obtained  with  tiglic  acid. 

When  heated  with  alcoholic  potash,  cevadine 
undergoes  hydrolysis  furnishing 

Cevine  Cg^H^gOgN 

and  angelic  and  tiglic  acids  CgHgOg  (Wright  and 


Luff,  Chem.  Soc.  Trans.  1878,  33,  338  ; 1879, 
35,  405  ; Bosetti,  Arch.  Pharm.  1883,  [iii.]  21, 
81  ; Ahrens,  Ber.  1890,  23,  2700  ; Freund  and 
collaborators,  ibid.  1899,  32,  801  ; 1904,  37, 

1964).  Cevine  crystallises  with  3|^H20  from 
dilute  alcohol,  m.p.  195°-200°  (anhydrous),  and 
yields  derivatives  both  with  metals  and  acids. 
It  is  less  toxic  than  cevadine  (Freund,  l.c.). 

According  to  Hess  and  Mohr  (Ber.  1919, 
52  B,  1984)  cevine  is  identical  with  sabadinine, 
which  Merck  (Arch.  Pharm.  1891,  229,  164) 
isolated  from  the  mixed  alkaloids  of  sabadilla 
seeds. 

Veratridine  {amorphous  veratrine)  C37H53O11N 
is- found  in  sabadilla  seeds,  and  is  isolated  from 
the  amorphous  alkaloids  precipitated  in  the 
earlier  stages  of  the  preparation  of  cevadine 
{see  above)  by  treating  them  with  ether,  when 
they  separate  into  insoluble  matter  (sabadilline) 
and  soluble  matter  (veratridine).  The  latter  is 
purified  by  conversion  into  the  sparingly  soluble 
nitrate.  Veratridine  is  sternutatory,  yellowish- 
white,  amorphous,  soluble  in  33  parts  of  water, 
and  melts  at  180°.  On  hydrolysis  by  alkalis  it 
yields  verine  C2-,H4508N,  which  closely  resembles 
cevine  {see  above)  and  veratric  acid  (3:4 
dimethoxybenzoic  acid). 

Sabadilline  {cevadilUne)  C34H53O8N  is  a 
second  amorphous  alkaloid  occurring  in  sabadilla 
seeds.  It  yields  amorphous  salts  (W.  and  L.  l.c.). 

Sabadine  CggHgjOgN,  crystals,  m.p.  238°- 
240°,  also  occurs  in  sabadilla  seeds  ; the  salts 
are  crystalline  (Merck,  Arch.  Pharm.  1891,  229, 
164). 

Sabadilline  and  sabadine  resemble  cevadine 
in  action,  but  are  less  toxic. 

Cevadine  and  veratridine,  the  two  principal 
alkaloids  in  ‘ commercial  veratrine,’  cannot  be 
separated  by  crystallisation  of  the  former  from 
alcohol,  or  extraction  of  the  latter  by  water, 
but  they  may  be  estimated  by  hydrolysing  with 
alcoholic  sodium  hydroxide,  acidifying,  and 
estimating  the  volatile  tiglic  acid  (from  the 
cevadine),  and  the  non-volatile  veratric  acid 
(from  the  veratridine)  ; the  latter  acid  is 
extracted  by  ether  (Wright  and  Luff,  l.c.). 

Alkaloids  of  White  Hellebore  Rhizome. 

Protoveratrine  C32H54O41N  is  the  character- 
istically toxic  alkaloid  of  white  hellebore  ‘ roots.  ’ 
It  crystallises  in  thin  four-sided  tablets  from 
alcohol,  m.p.  245°-250°,  239°-241°  (Bredemann), 
and  dissolves  in  sulphuric  acid  with  a green 
colouration,  which  gradually  passes  into  deep 
blue.  It  is  readily  decomposed  by  acids  yielding 
^5obutyric  acid  as  one  product. 

Protoveratrine  is  accompanied  in  white 
hellebore  rhizomes  by 

Jervine  C26H37O3N,  prismatic  crystals,  m.p. 
238°-242°  ; toxic. 

Pseudojerwwe  C29H43O7N,  six-sided  tablets, 
m.p.  300°-307°  ; not  poisonous. 

Rubijervine  C26H43O2N,  long  prisms,  m.p. 
240°-246°,  234°  (Bredemann)  ; not  poisonous. 

Protoveratridine  C24H45O8N,  four-sided  plates, 
m.p.  265°  ; not  poisonous. 

The  chief  papers  relating  to  protoveratrine 
and  its  congeners  are  Wright  and  Luff  (Chem. 
Soc.  Trans.  1879,  35,  405),  Sakberger  (Inaug. 
Diss.  Erlangen,  1890;  Arch.  Pharm.  1890,  228, 
462,  the  most  important  pai^er  on  the  subject), 
Pehkschen  (Inaug.  Diss.  Dorpat,  1890  ; J. 
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Pharm.  Cliim.  1890,  [v.]  22,  265),  and  Brede- 
mann  (Apoth.  Zeit.  1906,  21,  41,  53). 

Alkaloids  of  Green  Hellebore  Rhizome. 

The  chief  alkaloids  occurring  in  this  drug 
{Veratrum  viride,  U.S.P.)  have  been  described 
already,  viz.  cevadine  {see  under  Alkaloids  of 
sabadilla  seeds),  jervine,  and  pseudojervine  {see 
under  Alkaloids  of  white  hellebore  rhizome). 
Veratridine  {see  under  Alkaloids  of  sabadilla 
seeds)  occurs  only  in  traces  in  green  hellebore. 
Robbins  isolated  from  green  hellebore  rhizomes 
(Pharm.  J.  1877-1878,  [iii.]  8,  316)  a crystalline 
alkaloid  which  he  called  veratridine,  and  which, 
like  protoveratrine  of  white  hellebore,  gives  a 
green  colouration  with  sulphuric  acid.  The 
amorphous  alkaloid  veratralbine  was  also 
obtained  by  Wright  and  Luff  from  this  source 
(Chem.  Soc.  Trans.  1879,  35,  421). 

CEYLON  MOSS  v.  Alg^e. 

CHAGRAL  GUM  Gums. 

CHAILLETIA  TOXICARIA  (Don.).  A plant 
found  in  Upper  Guinea,  Sierra  Leone,  and 
Senegambia,  the  seeds  of  which  contain  a 
poisonous  resin  used  for  killing  rats  and  other 
animals  (Power  and  Tutin,  J.  Amer.  Chem.  Soc. 
1906,  28,  1170). 

CHALCANTHITE.  Native  copper  sulphate, 
CuS04,7H20,  found  as  a bright-blue  efflorescence, 
or  rarely  as  distinct  crystals,  in  many  copper 
mines,  being  especially  abundant  in  some  of  the 
Chilean  mines.  In  solution  it  is  always  present 
in  the  waters  issuing  from  copper-mines  ; these 
are  allowed  to  flow  over  scrap  iron,  the  copper 
being  precipitated  as  cement- copper.  About  100 
tons  of  copper  have  been  so  saved  annually  from 
the  waters  of  the  Rio  Tinto  mine  in  Spain,  and 
considerable  amounts  were  formerly  obtained 
from  the  mine  waters  in  Co.  Wicklow. 

L.  J.  S. 

CHALCEDONY.  A native  form  of  silica 
occurring  in  reniform,  botryoidal,  or  stalactitic 
masses  lining  and  Ailing  cavities  in  rocks.  It 
is  usually  greyish  or  creamy-yellow  in  colour, 
and  has  a characteristic  waxy  lustre  with  a 
certain  degree  of  translucency.  It  possesses  a 
minutely  flbrous  structure,  the  fibres  being 
arranged  perpendicularly  to  the  concentric 
banding  of  the  material.  The  optical  character 
and  orientation  of  the  fibres  is  variable  ; and 
based  on  these  differences  French  authors  have 
distinguished  several  forms  of  silica  under 
special  names  (quartzine,  lutecite,  lussatite, 
chalcedonite,  and  pseudochalcedonite).  The 
physical  characters  of  the  mineral  approach 
those  of  quartz,  but  with  slightly  lower  values  ; 
sp.gr.  2’57-2‘64;  hardness  6^-7;  1’5325, 

1'5435.  Analyses  show,  in  addition  to  silica, 
the  presence  of  variable  amounts  of  impurities 
(iron  oxides,  alumina,  &c.),  and  on  the  average 
about  1 p.c.  of  water.  The  water  is  probably 
present  as  adsorbed  water  held  between  the 
fibres  ; and  its  presence  supports  the  idea  that 
the  mineral  was  deposited  in  a colloidal  form 
as  hydrated  silica,  and  that  it  afterwards 
passed  into  minutely  crystalline  quartz. 
Depending  on  the  nature  of  the  impurities 
present  (and  partly  also  on  the  state  of  aggrega- 
tion of  the  material)  the  mineral  may  be  of 
various  colours,  and  on  these  differences  are  based 
several  trivial  varieties  which  are  used  as  semi- 
precious stones.  Carnelian  owes  its  red  colour 


to  ferric  oxide,  and  sard  its  brown  colour  to 
hydrated  ferric  oxide  ; sard  passes  over  into 
carnelian  when  ignited.  The  apple-green  colour 
of  chrysoprase  is  due  to  nickel  silicate  and  the 
dark-green  of  plasma  to  an  iron  silicate.  Helio- 
trope shows  blood-red  spots  on  a dark-green 
ground.  Smoke-grey  flint  passes  imperceptibly 
into  more  typical  chalcedony.  In  agate 
differently  coloured  layers  are  banded  together 
in  the  same  stone.  The  uses  of  chalcedony  are 
the  same  as  those  of  agate  {g.v.).  On  the 
artificial  colouring  of  chalcedony,  v.  Agate. 

L.  J.  S. 

CHALCOCITE  v.  Coppee  -GLANCE. 
CHALCOPYRITE  v.  Copper- pyeites. 

CHALCOTRICHITE.  Native  cuprous  oxide 
{v.  Cuprite). 

CHALK.  A white  or  greyish,  loosely  co- 
herent kind  of  limestone  rock,  composed  almost 
entirely  of  the  calcareous  remains  of  minute 
marine  organisms  (foraminifera,  coccoliths,  &c. ) 
and  fragments  of  shells.  The  purest  kinds  con- 
tain up  to  99  p.c.  of  calcium  carbonate  in  the 
form  of  the  mineral  calcite.  Silica  is  always 
present  in  small  amounts  as  the  mineral  opal, 
representing  the  remains  of  other  minute  marine 
organisms  (radiolaria,  &c.)  and  sponge  spicules  ; 
and  it  is  often  segregated  as  the  nodular  masses 
of  flint  so  commonly  found  embedded  in  chalk 
rock.  Minute  grains  of  quartz,  felspar,  zircon, 
rutile,  and  other  minerals  are  also  often  present. 
With  the  admixture  of  clayey  material  there 
may  be  an  insensible  gradation  from  pure  chalk 
to  chalk-marl  {v.  Marl).  In  phosphatic  chalk, 
there  is  much  calcium  phosphate  (up  to  45  p.c.)  ; 
in  green  glauconitic  chalk  there  is  an  admixture 
of  grains  of  glauconite  (a  hydrated  iron  potassium 
silicate)  ; and  in  red  chalk  there  is  some  iron 
hydroxide.  Not  only  may  there  be  con- 
siderable variations  in  the  composition  of  chalk, 
but  there  may  also  be  wide  variations  in  the 
colour  (snow-white,  grey,  &c.),  and  texture  of  the 
material.  It  may  be  soft,  incoherent,  and 
porous,  or  quite  hard  and  crystalline  (as  the 
chalk  of  the  Yorkshire  coast). 

The  following  analyses  of  chalk  are  selected 
from  those  quoted  by  A.  J.  Jukes-Browne,  The 
Cretaceous  Rocks  of  Britain,  Mem.  Geol.  Survey, 
1903  (which  see  for  details  respecting  the 
English  chalk)  ; I,  Middle  Chalk  from  Wye, 
Kent ; II,  Chalk  Rock  from  Boxmoor,  Hertford- 
shire ; III,  soft  white  Upper  Chalk  from 
Farnham,  Surrey  : — 


CaO 
MgO 

FeoOg 

AlgOg 
MnO 
KgO 
Na.O 
COg 

P 2D  5 

S03 
Cl 

SiOg  (soluble) 
HgO  . 
Organic  matter 
Insoluble 


CaCO. 


I. 

II. 

III. 

52*750 

54*900 

55*18 

0*211 

0*374 

0*30 

0*067  \ 
0*113/ 

0*347 

0*40 

0*149 

— 

— 

0*098 

— 

0*22 

0*013 

— 

0*21 

37*670 

42*101 

42*57 

0*106 

0*713 

0*08 

0*082 

0*465 

0*09 

0*006 

— 

— 

0*035 

0*128 

— 

5*400 

— 

— 

2*480 

1*003 

0*87 

99*180 

100*031 

99*92 

85*61 

97*001 

95*76 
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The  uses  of  chalk  are  numerous.  For 
example,  as  a writing  material  in  form  of  white 
and  coloured  crayons  ; for  the  manufacture  of 
quicklime,  mortar,  Portland  cement,  plaster,  &c., 
and  as  a fertiliser.  Whiting  is  prepared  by 
grinding  chalk  and  collecting  the  finer  sediments 
from  water ; this  is  used  for  polishing,  making 
putty,  and  many  other  purposes.  Under  the 
name  of  ‘ Paris  white,’  chalk  is  used  in  the 
manufacture  of  india-rubber  goods,  oilcloth, 
wall-paper,  &c.  The  harder  kinds  are  exten- 
sively used  as  a building  stone. 

Large  quantities  of  chalk  are  quarried  in  the 
counties  of  Kent,  Surrey,  Sussex,  Cambridge, 
Lincoln,  and  Hampshire  ; Kent  being  by  far  the 
most  important.  The  production  of  English 
chalk  is  not  far  short  of  five  million  tons  per 
annum.  A certain  amount  of  this  is  exported 
to  the  United  States,  though  there  are  extensive 
beds  of  chalk  in  Kansas,  Arkansas,  and  Texas. 

L.  J.  S. 

CHALK,  FRENCH.  Steatite  or  soapstone. 

CHALKONES  (xaAxos,  an  ore,  particularly 
copper),  the  name  proposed  by  v.  Kostanecki 
and  Tambor  (Ber.  1899,  32,  1923)  for  benzal- 
acetophenone  and  its  derivatives,  on  account 
of  the  fact  that  by  suitable  transformations 
they  can  be  made  to  furnish  reddish-yellow 
dyestuffs. 

In  order  to  show  the  relationships  of  the 
various  chalkones  with  one  another,  the 
following  scheme  of  notation  is  adopted  : — 

3'  2'  2_3 

4'<(^^U-CO-CH=CH-l<^  ^4 

5'  6'  6~ 5 

Benzalacetophenone  is  obtained  by  the  action 
of  sodium  hydroxide  on  an  alcoholic  solution  of 
benzaldehyde  and  acetophenone  at  ordinary 
temperature.  For  this  purpose  21  grams 
benzaldehyde  and  24  grams  acetophenone  are 
dissolved  in  200  grams  alcohol  and  20  grams  of  a 
10  p.c.  solution  of  sodium  hydroxide  added. 
The  mixture  is  then  allowed  to  stand  for  24 
hours,  and  the  precipitate  collected  and  re- 
crystallised from  alcohol.  Benzalacetophenone 
is  a yellow  crystalline  solid  which  dissolves  in 
concentrated  sulphuric  acid  with  an  intense 
yellow  colour.  By  heating  10  grams  benzalde- 
hyde with  30  grams  acetophenone  (dissolved  in 
100  grams  alcohol)  for  a quarter  of  an  hour  at 
water  bath  temperature  with  25  grams  of  a 
40  p.c.  solution  of  sodium  hydroxide,  henzaldi- 
acetophenone  C6H5'CH(CH2‘CO’C6H5)2  is  ob- 
tained. This  melts  at  85°  and  crystallises  in 
colourless  prisms.  Its  solution  in  concentrated 
sulphuric  acid  is  colourless,  but  gradually  shows 
a blue  fluorescence,  and  on  standing  for  one  or 
two  days  becomes  faint  yellow  in  colour, 
showing  a strong  green  fluorescence.  Similarly 
by  using  a mixture  of  21  grams  benzaldehyde 
with  36  grams  acetophenone  in  200  grams 
alcohol  and  warming  with  50  grams  of  a 40 
p.c.  solution  of  sodium  hydroxide  for  12-24 
hours  at  40°-50°,  dibenzaUriacetophenone  is 
formed.  It  is  a white  crystalline  solid,  which 
melts  at  198°.  It  dissolves  slowly  in  con- 
centrated sulphuric  acid,  the  solution  after  some 
time  developing  a red  colour  and  a cinnabar-red 
fluorescence,  which  slowly  disappears.  By 
carrying  out  the  preparation  at  boiling  water- 


bath  temperature,  an  isomeride  melting  at 
256°  is  obtained  (v.  Kostanecki  and  Bossbach, 
Ber.  1896,  29,  1488). 

Of  the  various  derivatives,  the  2'-hydroxy- 
chalkones  possess  the  greatest  importance,  on 
account  of  their  relationship  to  the  naturally 
occurring  dyestuffs  of  the  flavone  and  flavanol 
groups ; e.g.  chrysine,  luteoline,  apigenine 
fisetin,  &c.  (q.v.). 

The  2'-hydroxychalkones  are  obtained  by 
the  condensation  of  o-hydroxyacetophenones 
with  aromatic  aldehydes  in  the  presence  of 
sodium  hydroxide. 

2' -Hydroxy  chalhone 

HO-CgH^-CO-CH  : CH-CeHg 

crystallises  in  yellow  needles,  melts  at  88°-89° , 
dissolves  in  alkali  hydroxides  with  an  orange 
colour,  and  in  concentrated  sulphuric  acid  with 
a yellow  colour  (v.  Kostanecki  and  Tambor, 
Ber.  1898,  31,  715).  It  is  converted  into  flavone 
by  the  action  of  alkali  hydroxides  on  the  di- 
bromo-addition  product  of  its  acetyl  derivative 
(v.  Kostanecki  and  Feuerstein,  ibid.  1758). 


OH 


CO-CH:  CH-C«H 


6^^  6 


C,H, 


H 


Numerous  hydroxychalkones  are  described 
in  the  papers  of  v.  Kostanecki  and  his  pupils, 
for  which  consult  Ber.  1898,  et  seq. 

CHALMERSITE.  A sulphide  of  copper  and 
iron,  CuFegSg,  first  found  as  small  orthorhombic 
crystals  with  pyrrhotite  in  the  Morro  Velho 
gold  mine,  Minas  Geraes,  Brazil.  Later  it  was 
found  in  considerable  quantity  in  the  Ellamar 
district  and  on  Knight  Island  in  Prince  of  Wales 
Sound,  Alaska,  where  it  has  been  mined  as  an 
ore  of  copper.  Here  the  material  is  massive  and 
intimately  intergrown  with  copper-pyrites.  It 
is  pale  yellow  in  colour  with  metallic  lustre, 
and  is  strongly  magnetic  ; sp.gr.  4 '68  ; hardness 
31.  L.  J.  S. 

CHALYBITE.  Native  iron  carbonate, 
FeCOg,  forming  rhombohedral  crystals  iso- 
morphous  with  calcite  (CaCOg),  and  of  im- 
portance as  an  ore  of  iron.  It  is  often  known  as 
siderite,  but  this  name  had  earlier  been  applied 
to  two  other  mineral  species,  and  it  is  also  used 
as  a group  name  for  meteoric  irons.  Sp.gr.  3 ‘9  ; 
hardness,  3|^.  Small,  brilliant  crystals  of  varying 
habit  are  common  in  many  mineral  veins,  for 
example,  those  of  Cornwall.  Veins  of  massive 
sparry  material  showing  cleavage  surfaces 
{Spathic  iron-ore)  are  mined  in  the  Brendon 
Hills  in  Somersetshire,  in  Weardale,  Co.  Dur- 
ham, the  Siegen  district  in  Westphaha,  dep. 
Isere  in  France,  &c.  The  fresh,  unaltered 
material  is  creamy  white  in  colour  (‘  white  ore  ’), 
but  when  slightly  weathered  it  is  brown  ( ‘ brown 
ore  ’).  The  Cleveland  ore  is  a pisolitic  form  of 
chalybite  occurring  as  beds  in  the  Lias  strata  ; 
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and  the  important  clay -iron-stone  and  hlack- 
hand  iron-stone  of  the  Coal-measures  consist  of 
compact  chalybite,  intermixed  with  clay  and 
carbonaceous  matter.  A nodular  form  with  an 
internal  radiated  structure  is  known  as  sphcerosi- 
derite. 

Analysis  I is  of  pure  selected  crystals  from 
near  Camborne,  Cornwall  (A.  Hutchinson,  Min. 
Mag.  1903,  xiii,  209)  ; II-IV  of  ores,  by*  A. 
-Dick,  in  Iron  Ores  of  Great  Britain,  Mem. 
Geol.  Survey,  1856-1862 ; II  yellowish-grey 
spathose  ore  from  Weardale ; III  greenish- 
grey  earthy  oolitic  ore  from  Cleveland  (also 
KgO  0'27  in  the  portion  soluble  in  HCl)  ; IV 
clay-iron-stone  from  Shelton  colliery,  Hanley, 
Staffordshire. 


FeO 

I. 

61-08 

II. 

49-47 

III. 

39-92 

IV. 

46-35 

— 

— 

3-60 

3-00 

AI2O3 

— 

trace 

7-86 

0-30 

MnO 

1-12 

2-42 

0-95 

1-61 

CaO 

0-10 

3-47 

7-44 

1-93 

MgO 

0-13 

3-15 

3-82 

2-24 

CO2 

38-19 

37-71 

22-85 

32-46 

P2O5 

— 

trace 

1-86 

0-67 

SiOg 

— 

1-20 

7-12 

— 

SO3 

— 

trace 

trace 

trace 

FeSa 

— 

0-08 

0-11 

0-15 

H2O 

— 

— 

2-97 

1-43 

Organic  matter 

— 

trace 

trace 

2-95 

Insoluble 

— 

3-77 

1-64 

7-29 

Total  Fe 

100-62 

101-27 

38-56 

100-41 

33-62 

100-38 

38-29 

L J S 

CHAMOMILE  FLOWERS.  Anthemis  no- 
bilis.  An  examination  of  the  flowers  of  Anthemis 
nohilis  (Linn.)  by  Power  and  Browning  (Chem. 
Soc.  Trans.  1914,  105,  1833)  has  shown  that 
these  contain  in  addition  to  numerous  other 
substances  a,napigenin  gluco side  G 2.^^ 
faintly  yellow  microscopic  crystals  melting  at 
178°-180°.  It  dissolves  in  alkalis  with  a yellow 
colour  and  gives  with  aqueous  ferric  chloride  a 
purplish-brown  colouration.  Dried  at  125°-130° 


it  loses  one  molecule  of  water  of  crystallisation, 
but  the  second  molecule  cannot  be  eliminated 
without  decomposing  the  substance.  This  is 
evident  from  the  composition  of  the  hexa- 
acetyl  derivative  C2iHi40io(COCH3)6,  colourless 
microscopic  crystals,  m.p.  144°-146°,  the  mole- 
cule of  water  in  question  beifig  eliminated  in  the 
process  of  acetylation. 

By  digestion  with  5 p.c.  aqueous  sulphuric 
acid  for  three  hours,  this  glucoside  yields 
apigenin  and  dextrose  according  to  the  equation  : 

C2iH2oO,o,H20  = Ci,H,o05+C,H,20e 

A.  G.  P. 

CHAMOMILE  OIL  v.  Oils,  Essential. 

CHAMOSITE,  CHAMOISITE,  Thuringite. 

CHAMOTTE.  A mixture  of  fire  clay  and 
burnt  pottery  used  for  making  fire  bricks, 
crucibles,  pipes,  &c. 

CHARCOAL  V.  Carbon  and  Fuel. 

CHARICIC  ACID,  CHAVICIN  v.  Pepper  resin, 

art.  Resins. 

CHARTREUSE.  A famous  liqueur  formerly 
prepared  at  the  head- quarters  of  the  Carthusian 
monks  near  Grenoble,  but  now,  since  the  retreat 
of  the  monks  from  France  in  1906,  made  at 
Tarragona  in  Spain. 

The  recipe  for  the  original  liqueur  or  ‘ elixir 
vitge  ’ as  it  was  called,  was  given  by  the  Marquess 
d’Estrees  to  the  Carthusian  monks  of  Paris  in 
1602,  but,  owing  to  the  difficulty  of  procuring 
the  necessary  alpine  plants,  they  presented  it  to 
their  brethren  of  the  Grande  Chartreuse  in  1735. 

The  elixir  vitce  was  valued  as  a stimulant  for 
the  less  robust  members  of  the  fraternity, 
weakened  by  age  or  by  the  privations  and  hard- 
ships entailed  by  the  severity  of  their  religious 
exercises,  and  was  also  dispensed  to  the  feeble 
poor  of  the  district. 

After  numerous  disasters  by  fire,  pillage,  and 
confiscation  of  their  property  through  religious 
and  political  persecutions,  culminating  in  the 
loss  of  everything  during  the  French  Revolu- 
tion, the  monastery  of  La  Grande  Chartreuse 
was  restored  in  1816,  although  in  a very  im- 
poverished condition. 


Ingredients 

Green 

Yellow 

White 

China  cinnamon 

15  grams 

15  grams 

125  grams 

Mace  .... 

15  „ 

15  „ 

30  „ 

Lemon  balm,  dried 

500  „ 

250  „ 

250  „ 

Hyssop  (flower  tops)  . 

250  „ 

125  „ 

135  „ 

Peppermint  (dried) 

250  „ 

— 

Thyme  .... 

30  „ 

— 

— 

Balsime  {Bal  major)  . 

125  „ 

— 

— 

Genepi  .... 

250  „ 

125  „ 

125  „ 

Arnica  (flowers)  . 

10  „ 

15  „ 

— 

Balsam  poplar  (buds) 

15  „ 

— 

— 

Angelica  (seeds)  . 

125  „ 

125  „ 

125  „ 

Angelica  (roots) 

62-5  „ 

30  „ 

30  „ 

Coriander 

— 

1500 

— 

Cloves  .... 



15  „ 

30  „ 

Aloes  (Socotrine) 

— 

30  „ 

— 

Cardamom  (small) 

— 

50  „ 

30  ,, 

Nutmegs  .... 

— 

— 

15  „ 

Calamus  .... 

— 

— 

300  ., 

Tonka  beans 

— 

— 

15  „ 

Alcohol  at  85®  . 

62-5  litres 

42-5  litres 

52*5  litres 

White  sugar 

25-0  kilos. 

25-0  kilos. 

37-5  kilos. 
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The  secret  of  the  manufacture  of  the  ‘ elixir  ’ 
had,  however,  been  carefully  preserved,  and  this 
was  made  the  basis  of  other  varieties  of  liqueur, 
by  the  sale  of  which  the  monks  hoped  to  im- 
prove their  finances.  The  result  was  the 
production  of  green,  yellow,  and  white  ‘ char- 
treuse,’ the  virtues  of  which  were  advertised  far 
and  wide  by  the  military  officers  who  had  been 
quartered  in  the  monastery  about  the  middle  of 
last  century.  Extensive  and  modern  plant  was 
installed  at  Fourvoisie  in  1863,  and,  in  course 
of  time,  the  sale  of  chartreuse  increased  the 
revenue  of  the  monastery  to  a point  it  had  never 
reached  before. 

After  the  passing  of  the  French  Religious 
Associations  Act,  in  1906,  the  monks  of  the 
Grande  Chartreuse  migrated  across  the  border 
to  Tarragona  in  Spain,  carrying  their  secret 
formulse  with  them. 

More  than  200  ingredients  are  said  to  be  used 
in  the  manufacture  of  genuine  chartreuse,  and 
its  spirit  basis  is  rectified  grape  spirit  distilled 
from  sound  wine.  The  usual  alcoholic  strength 
of  the  three  varieties  of  chartreuse  is  : green, 
55°  of  alcohol,  or  96  p.c.  of  proof  spirit ; yellow, 
42-5°  alcohol,  or  74-5  p.c.  proof  spirit ; and 
white,  30°  alcohol,  or  52-5  p.c.  of  proof  spirit. 

There  are  innumerable  imitations  of  char- 
treuse, mostly  prepared  from  plain  spirit 
flavoured  with  essential  oils  and  coloured  by 
means  of  the  various  ingredients  described  under 
Cordials  and  Liqueurs.  The  formulae  given 
in  the  table  on  p.  151  are  amongst  the  best  of 
those  suggested  for  the  preparation  of  imitation 
chartreuse. 

Digest  in  the  alcohol  for  24  hours,  distil  until 
nearly  all  the  spirit  is  over,  and  dilute  to  100 
litres.  Colour  green  or  yellow  as  described  under 
Cordials  and  Liqueurs,  add  the  sugar,  allow  to 
rest  till  clear,  and  filter  {see  Cordials  and 
Liqueurs).  J.  C. 

CHAULMOOGRA  OIL  GROUP.  This  group 
is  remarkable  on  account  of  the  considerable 
optical  activity  which  these  oils  exhibit,  owing  to 
the  presence  of  the  strongly  active  chaulmoo- 
gric  and  hydnocarpic  acids  (discovered  by 
Power  and  his  collaborators,  Chem.  Soc,  Trans. 
1910,  97,  1285).  Hitherto,  three  oils  belonging 
to  this  class  have  been  described,  viz.  Chaul- 
moogra  oil,  obtained  from  the  seeds  of  Tara- 
ktogenos  Kurzii  (King)  ; Hydnocarpus  oil, 
obtained  from  the  seeds  of  Hydnocarpus  Wighti- 
ana  (Blume)  ; and  Lukraho  oil,  the  fat  obtained 
from  Hydnocarpus  anthelminticus  (Pierre),  The 
saponification  values  of  these  oils  lie  between 
204  and  213,  and  their  iodine  values  between  90 
and  86 ‘4.  The  seeds  of  Taraktogenos  contain  a 
cyanogenetic  glucoside.  Chaulmoogra  is  chiefly 
used  in  the  treatment  of  leprosy  and  various  skin 
diseases  in  Indo-China,  Siam,  and  to  some 
extent  also  in  Europe.  A few  years  ago 
chaulmoogra  oil  was  imported  to  the  Continent 
as  ‘ Cardamom  oil  ’ and  used  in  margarine  with 
disastrous  results.  Hydnocarpus  oil,  also  known 
as  kavatel  oil,  is  occasionally  sold  as  genuine 
chaulmoogra  oil,  but  is  inferior  in  its  medicinal 
properties  and  contains  a larger  proportion  of 
free  fatty  acids.  The  genuine  oil  from  T. 
Kurzii  is  now  official  in  the  British  Pharma- 
copoeia, which  describes  it  as  a brownish -yellow 
soft  fat,  with  a distinctive  odour  and  acrid  taste  ; 
sp.gr.  0’940  at  45°  ; m.p,  22°-30°  ; iodine  value. 


96-104  ; acid  value,  21-27  ; and  saponification 
value,  198-213.  It  is  partially  soluble  in  cold 
and  almost  completely  soluble  in  hot  90  p.c. 
alcohol.  It  is  largely  composed  of  the  glycerides 
of  acids  of  the  chaulmoogric  series,  having  the 

general  formula  C^Hg and  contains 

palmitin  (Power,  Amer.  J.  Pharm.  1915,  87, 
493).  Gynocardia  oil,  sometimes  confused  with 
chaulmoogra  oil,  is  optically  inactive.  For 
an  account  of  the  origin  of  the  confusion  in  the 
nomenclature  of  the  acids  derived  from  chaul- 
moogra oil  and  the  oils  which  have  been  con- 
sidered as  identical  with  it,  see  Pyman,  Reports 
of  Progress  of  Applied  Chemistry,  1916,  1,  292. 

CHAULMOOGRIC  ACID  An  un- 

saturated acid  found  by  Power  and  Gornall 
among  the  fatty  acids  contained  in  chaulmoogra 
oil  from  Taraktogenos  Kurzii  (King).  Optically 
active  [a]p+56°  ; m.p.  68° ; b.p.  247°-248° 
(corr,)/20  mm.  Easily  soluble  in  chloroform 
and  ether.  Forms  readily  crystallisable  salts 
with  metallic  bases,  and  esters  with  diphatic 
radicals  (Chem.  Soc.  Trans.  1904,  838  and  851). 

CHAY  ROOT.  Chay  root  or  Chay-aver  (from 
which  fixes  colours,  and  ver==root)  ; also 
called  Indian  madder,  is  the  root  of  Oldenlandia 
umhellata  (Linn.),  Rubiaceae.  It  bears  the 
following  Indian  vernacular  names : turbuli 
(Bengali)  cheTi-yeWo  (Telugu)  ; che  or  chay, 
sayawer,  imburel  (Tamil).  The  plant  is  a small 
bush  or  herb  found  on  sandy  soils,  chiefly  near 
the  sea-coast.  It  occurs  in  North  Burma  and 
Ceylon,  but  is  most  abundant  in  certain  tracts 
of  the  Madras  Presidency,  from  Orissa  south- 
ward. It  does  not  appear  to  be  used  in  Bengal, 
but  on  the  Malabar  and  Coromandel  coasts, 
especially  the  latter,  it  is  or  was  extensively 
cultivated,  and  employed  in  dyeing  a colour 
analogous  to  Turkey-red.  The  chief  market  is 
Madras,  where  it  was  sold  in  small  bundles  at 
about  4(^.  a lb.  The  roots  are  usually  about 
10-12  ins.  long  and  ^ in.  thick,  somewhat 
straight  and  stiff,  tough  and  wiry,  and  with 
few  or  no  lateral  fibres.  When  freshly  gathered, 
they  have  an  orange  colour ; but  when  dried  and 
kept,  they  assume  a yellowish-grey  hue.  Boiling 
water  gives  merely  a pale-yellow  extract,  but  if 
alkali  is  added,  a blood-red  decoction  is  soon 
obtained.  The  colouring  principles  seem  to  reside 
chiefly,  if  not  entirely,  in  the  bark  of  the  root. 

The  older  literature  connected  with  chay 
root  is  extremely  meagre,  and  is  for  the  most 
part  contained  in  the  following  publications  : 
Philosophy  of  Permanent  Colours,  2282,  1813, 
Bancroft ; Bulletin  de  la  Societe  industrielle 
de  Mulhouse,  5302,  1832,  E.  Schwartz  and  D. 
Koechlin ; L’Art  de  la  Teinture  des  Laines, 
475,  1849,  Gonfreville.  Quantities  of  the  root 
were  imported  into  Europe  in  1774  and  at  later 
periods,  and  its  dyeing  properties  were  examined 
by  the  above-mentioned  experts.  It  met  with 
little  practical  application,  however,  as  it  was 
not  found  to  possess  any  advantage  over 
madder ; indeed,  it  was  considered  to  have  but 
one-half  or  even  a fourth  of  the  colouring  power 
of  madder ; further,  it  was  found  to  contain 
certain  undefined  yellow  substances  of  an  acid 
character,  which  interfered  somewhat  with  its 
dyeing  power.  Still,  it  was  recognised  as  a good 
dyestuff,  giving  the  usual  madder  colours,  and 
equally  fast  to  soap.  It  is  evident  that  the 
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yellow  substances  referred  to  are  not  the  same 
as  those  described  in  this  article,  as  Schwartz 
states  that  they  were  present  in  larger  quantity 
in  ‘ nona  ’ {Morinda  citrifolia)  than  in  chay  root, 
whereas  the  yellow  substances  described  later 
exist  in  much  larger  quantity  in  chay  root  than 
in  morinda  root.  Very  probably  they  refer  to 
Rochleder’s  ‘ rubichloric  acid,’  as  this  is  con- 
tained in  morinda  root  in  larger  amount  than 
in  chay  root.  Schiitzenberger,  in  his  Traite  des 
Matieres  colorantes,  2,  291,  1867,  states  that  he 
found  chay  root  to  contain  alizarin  and  chloro- 
genin  (rubichloric  acid)  and  that  it  was  easy  to 
exhaust  the  root  by  extraction  with  alcohol. 

In  many  respects  chay  root  resembles 
madder,  as  both  contain  ruberythric  acid, 
alizarin,  rubichloric  acid,  and  cane  sugar,  but 
there  are  very  marked  differences  in  the  nature 
of  the  other  constituents  of  the  two  roots. 
Madder,  as  is  well  known,  contains  purpurin, 
purpurin-  and  purpuroxanthin-carboxylic  acids, 
&c.,  and  but  traces  of  yellow  crystalline  sub- 
stances, forming  barium  compounds  soluble  in 
water,  which  have  not  been  fully  investigated. 
In  chay  root  the  former  substances  are  entirely 
absent,  but,  on  the  other  hand,  although  the 
root  contains  considerable  quantities  of  yellow 
crysta,lhne  substances,  they  are  quite  distinct 
from  those  contained  in  madder. 

The  phenolic  constituents  of  this  root  have 
been  studied  by  means  of  the  sulphurous  acid  ex- 
traction method  described  in  detail  in  connection 
with  Maddee,  and  also  by  a subsequent  exhaus- 
tion of  the  residual  root  with  boiling  lime-water. 
In  this  manner,  chlororubine,  alizarin,  and  a 
mixture  of  non-tinctorial  yellow  substances  were 
isolated.  These  latter  are  present  in  chay  root 
(probably  as  glucoside)  in  comparatively  large 
amount  (1  p.c.),  and  have  been  shown  to  consist 
principally,  if  not  entirely,  of  the  following 
substances. 

Alizarin  a-methylether  crystallises  from  dilute 
methyl  alcohol  in  long  orange-yellow  needles, 
melting  at  178°-179°.  It  has  the  constitution — 


This  compound  may  be  synthesised  by  the 
action  of  an  ethereal  solution  of  diazomethane 
on  a nitrobenzene  solution  of  monoacetylalizarin 
(Oesch  and  Perkin,  Chem.  Soc.  Proc.  1914,  30), 
subsequently  removing  the  acetyl  group.  Owing 
to  the  fact  that  the  so-called  monoacetylalizarin 
is  a mixture  of  the  two  monoacetylalizarins,  both 
a-  and  /3-alizarin  methylethers  are  thus  simul- 
taneously produced.  Addition  of  alcoholic  potash 
to  a solution  of  the  product  in  alcohol  causes  the 
precipitation  of  the  /S-methylether  as  potassium 
salt,  the  a-methylether  thus  remaining  in  solution. 

The  methoxyl  group  present  in  this  substance 
is  much  more  readily  hydrolysed  than  is  usually 
the  case,  for  prolonged  digestion  with  boiling 
baryta  water  is  sufficient  for  this  purpose,  a 
precipitate  -consisting  of  barium  alizarate  thus 
separating.  This  property,  therefore,  accounts 
for  the  difficulty  in  obtaining  either  this  com- 
pound or  alizarin  dimethylether  by  means  of 
methyl  iodide,  for  in  this  process  of  methylation 
a prolonged  digestion  in  the  presence  of  free  j 
alkali  is  necessary.  On  the  other  hand,  whereas 


alizarin  is  only  converted  with  considerable 
difficulty  into  alizarin  dimethylether,  by  the 
action  of  methyl  sulphate,  alizarin  a-methylether 
readily  yields  this  substance  when  treated  with 
this  reagent  in  the  usual  manner. 

Acetylalizarin  a-methylether  crystallises  in 
yellow  needles,  melting  at  212°. 

Anthragallol  dimethylether  (A)  forms  yellow 
needles,  and  dissolves  in  alkaline  solutions  with 
a red  colouration.  It  is  distinguished  from  the 
isomeric  compound  described  below,  in  that  it 
yields  an  ammonium  salt,  crystallising  in  scarlet 
prisms,  which  is  sparingly  soluble  in  cold  alcohol. 
Heated  with  sulphuric  acid  to  180°,  or  with  hydro- 
chloric acid,  it  is  converted  into  anthragallol,  and 
when  methylated  by  means  of  methyl  sulphate, 
is  readily  converted  into  anthragallol  trimethyl- 
ether.  By  the  action  of  10  p.c.  potassium  hy- 
droxide in  a sealed  tube  at  180°  for  5 hours, 
it  is  partially  converted  into  methoxyalizarin  : 


and  a similar  reaction  occurs  when  sulphuric 
acid  at  100°  is  employed.  The  constitution 
assigned  to  this  anthragallol  dimethylether  (A), 
is  therefore  as  follows  : — 


CO, 


OCH, 


\ 


OH 


Anthragallol  dimethylether  (B)  crystallises  in 
yellow  leaflets^  melting  at  230°-232°,  and  gives 
a red  ammonium  salt  which  is  soluble  in  cold 
alcohol.  Heated  with  10  p.c.  potassium  hy- 
droxide solution  to  180°  for  5 hours,  it  is  partially 
converted  into  a compound  having  the  reactions 
of  methoxypurpuroxanthin 


and  most  probably  possesses  the  following- 
constitution  : — 


By  methylation  with  methyl  sulphate  in  the 
usual  manner,  this  compound  is  readily  con- 
verted into  anthragallol  trimethylether. 

AcetylanthragaUol  dimethylether  (B)  consists  of 
long  yellow  needles,  melting  at  176°-178°. 

Hystazarine  monomethylether  obtained  as 
long  orange-yellow  needles,  melting  at  232°, 
when  heated  with  hydrochloric  acid  at  180°,  is 
converted  into  hystazarine.  Alkaline  solutions 
dissolve  it  with  a crimson  colouration,  and  its 
ammonium  and  potassium  salts,  which  crystallise 
in  garnet-red  needles,  are  insoluble  in  sold  iso- 
butylic  alcohol.  The  constitution  of  hystaza- 
rine monomethylether  is  as  follows  : — 
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By  means  of  methyl  sulphate,  it  yields 
hystazarine  dimethylether,  which  consists  of 
yellow  glistening  needles,  melting  at  235°-236°. 

Metahydroxyanthraquimyne,  pale  - yellow 
needles,  melting  at  302°,  is  identical  with  the 
well-known  artificial  compound  prepared  from 
anthraquinone-/3-monosulphonic  acid  by  diges- 
tion with  alkali. 

Dyeing  Properties. — Although  chay  root 
contains^  acid  principles  which  tend  to  dissolve 
the  mordants,  its  employment  as  a dyestuff 
presents  no  ^fficulty.  The  only  precautions 
necessary  to  be  observed  are  to  add  2 p.c.  of 
chalk  to  the  dye-bath,  and  to  raise  the  tempera- 
ture gradually  to  the  boiling-point. 

Dyeing  experiments  on  ordinary  stripe- 
printed  calico,  containing  aluminia  and  iron 
mordants,  have  shown  that  the  dyeing  power  of 
chay  root  is  equivalent  to  the  presence  of  a 
percentage  of  0 ‘33-0 -35  alizarin.  Compared 
with  ground  madder  root  of  good  quality,  it 
seems  to  have  about  half  its  dyeing  power  when 
the  comparison  is  made  before  soaping,  but  after 
soaping  it  appears  to  be  quite  equal  to  madder. 
The  reds,  pinks,  and  chocolates  have  a distinctly 
bluer  shade  than  those  given  by  madder,  and 
the  lilacs  are  much  fuller  and  brighter  and  very 
similar  to  those  obtained  from  alizarin.  This 
last  feature  alone  ought  to  have  secured  a ready 
market  for  chay  root  among  the  European 
dyers,  previous  to  the  introduction  of  artificial 
alizarin,  and  it  is  somewhat  strange  that  its 
marked  suitability  for  lilacs  should  have  escaped 
the  observation  of  those  who  formerly  made 
dyeing  experiments  with  this  root. 

On  oil  - prepared  rcalico,  mordanted  with 
alumina,  chay  root  gives  an  excellent  blue  shade 
of  Turkey-red,  withstanding  the  operation  of 
clearing  with  soap  and  stannous  chloride  better 
even  than  a madder-dyed  red,  and  quite  equal  to 
one  obtained  by  means  of  artificial  alizarin. 
Good  brown,  red,  orange,  and  purple  colours 
are  readily  obtained  on  wool,  and  also  on 
silk,  suitably  mordanted  with  chromium, 
aluminium,  tin,  and  iron,  according  to  the 
ordinary  method  usual  with  dyers.  On  wool, 
the  colours  not  being  submitted  to  any  soaping 
operation,  chay  root  appears  to  possess  about 
half  the  dyeing  power  of  madder. 

Boiled  with  dilute  sulphuric  acid,  chay  root 
yields  a ‘ garancine  ’ of  a very  dark-green  colour 
and  possessing  about  three  times  the  dyeing 
power  of  the  original  root. 

Literature. — A.  G.  Perkin  and  J.  J.  Hummel, 
Chem.  Soc.  Trans.  1893,  63,  1160  ; ibid.  1895, 
817  ; A.  G.  Perkin,  ibid.  1907,  91,  2066  ; J.  J. 
Hummel  and  A.  G.  Perkin,  J.  Soc.  Chem.  Ind. 
1894,  13,  346.  A.  G.  P. 

CHEDDITE.  An  explosive  consisting  of  a 
mixture  of  ammonium  perchlorate,  dinitroto- 
luene  and  castor  oil  (v.  Explosives). 

CHEESE.  A solid  preparation  of  the  chief 
constituents  of  milk,  which,  by  the  action  of 
certain  enzymes,  are  made  digestible  and 
palatable. 

The  action  of  enzymes  is  to  a large  extent 
influenced  by  the  reaction  or  hydrogen  ion 
concentration  of  the  curd,  which  in  turn  is 
brought  about  by  the  extent  to  which  the  lactic 
organisms  are  controlled  or  encouraged  in  the 
process  of  manufacture. 

Cheeses  may  be  made  from  the  milk  of 


various  animals,  but  they  are  usually  prepared 
from  cows’  milk,  which  is  either  used  in  its 
natural  condition,  or  may  be  first  divided  into 
cream  and  separated  milk,  from  both  of  which 
products  cheeses  are  also  made. 

In  the  case  of  cream  and  cottage  cheeses, 
the  lactic  acid  produced  by  the  lactic  ferments 
may  be  used  for  coagulating  purposes ; but  in 
the  majority  of  cheeses,  rennet  is  used  to  pre- 
cipitate the  casein.  The  caseinogen  of  the  milk 
is  converted  into  casein  by  the  rennet  ferment, 
and  this,  in  the  presence  of  the  lime  salts  of  the 
milk,  is  followed  by  the  separation  of  insoluble 
calcium  caseinate  or  curd,  which  carries  with  it 
nearly  all  the  fat,  some  of  the  other  constituents 
of  the  milk,  and  the  enzymes  of  the  rennet  and 
milk.  This  curd  differs  from  that  produced  by 
acids,  which  throw  out  caseinogen  from  the  com- 
binations with  lime  in  which  it  occurs  in  milk. 

The  condition  of  the  rennet  curd,  used  for 
making  different  cheeses,  is  controlled  by  the 
acidity  of  the  milk  and  by  the  temperature  of 
renneting.  If  milk  is  curdled  with  rennet 
without  the  previous  development  of  acidity, 
a soft  curd  results  ; this  curd  will  not  shrink  so 
much  as  a curd  produced  from  an  acid  milk. 
Too  much  acidity,  on  the  other  hand,  results  in 
a hard  curd,  which  will  shrink  to  a much  greater 
extent,  giving  a hard  ‘ acid  ’ curd. 

Temperature  also  exerts  an  important  in- 
fluence in  cheese  making  ; the  action  of  the 
rennet  is  hastened  up  to  about  100°F.,  and 
ceases  at  about  130°F.  The  temperature  em- 
ployed, the  degree  of  acidity,  and  the  quantity 
of  rennet  used,  will  vary  with  different  cheeses 
and  also  with  the  nature  of  the  milk,  the  ash 
constituents  probably  exerting  a considerable 
influence.  The  acidity  is  often  controlled  by 
the  addition  of  ‘ starters,’  i.e.  pure  cultures  of 
suitable  lactic  ferments  or  of  mixed  cultures  in 
milk  or  whey,  to  the  milk.  The  average  tem- 
perature used  is  about  84°F.,  at  which  the 
coagulation  takes  some  40  to  60  minutes.  In 
some  cheeses,  e.g.  Leicester,  Dutch  cheeses,  &c., 
annatto  is  added  as  colouring  matter  at  least 
10  minutes  before  the  rennet.  Salt  is  also 
added  in  the  case  of  hard  pressed  cheese,  w'hen 
the  curd  has  been  ground  prior  to  being  put  in 
the  mould  for  pressing  into  shape  ; in  the  case 
of  soft  cheese,  about  the  time  it  is  fit  to  take 
out  of  the  mould. 

With  hard-pressed  cheeses  such  as  Cheddar, 
Cheshire,  Derby,  Leicester,  Gloucester,  Emen- 
thaler,  Gruyere,  and  Edam,  the  curd  is  cut  up 
by  means  of  curd  knives,  it  is  then  stirred 
and  heated  to  acquire  the  correct  stage  of 
dryness,  consistency,  and  acidity,  after  which 
the  whey  is  drawn  off  and  the  curd  allowed  to 
remain  till  a certain  degree  of  acidity  has 
developed.  This  is  determined  by  means  of  a 
hot  iron  against  which  the  curd  is  pressed,  the 
length  of  t^he  threads  which  are  drawn  out  on 
pulling  away  the  curd  being  taken  as  an  index 
of  the  acidity  produced ; the  percentage  of 
acidity  at  the  various  stages  of  manufacture 
may  accurately  be  determined  by  means  of  the 
acidimeter.  The  curd  is  then  ground  in  a mill, 
and  afterwards  pressed  in  a mould  into  a shape 
which  varies  with  the  different  cheeses.  After 
being  pressed  for  2 or  3 days,  the  cheese  is 
ripened  in  a curing  room,  the  humidity  and 
temperature  of  which  should  be  under  control  ; 


CHEESE. 


155 


a temperature  of  about  55°  to  65°F.  being  most 
generally  desirable. 

To  another  group  of  cheeses,  in  which  the 
process  of  manufacture  varies  considerably  from 
the  above,  belong  the  moulded  cheeses,  in  the 
making  of  which  the  pressing  process  is  omitted, 
or  in  the  case  of  Wensleydale  greatly  reduced  ; 
the  resulting  cheese  being  softer  and  admitting  of 
the  growth  of  blue  veins  of  mould  {Penicillium 
glaucum)  in  the  cracks  left  between  the  pieces 
of  curd  which  extend  throughout  the  cheese. 
To  this  group  belong.  Stilton,  Roquefort,  Gor- 
gonzola, Wensleydale,  &c. 

In  the  case  of  the  small  ‘ soft  ’ cheeses  of  the 
Camembert  type,  considerable  variations  are 
made  in  the  process  of  manufacture,  the  result- 
ing cheese  being  quickly  ripened  by  moulds,  or 
rather  by  the  enzymes  produced  by  moulds, 
which  grow  on  the  outside  of  the  cheeses, 
Penicillium  candidum  and  Oidium  Lactis  play 
an  important  part  in  the  ripening  of  Camembert. 

Indole  is  present"  in  Limburger  and  Camem- 
bert cheeses  and  in  Handkase.  Limburger 
cheese  also  contains  phenol.  Cheddar,  Swiss, 

‘ Gammalost,’  Wick,  and  Roquefort  cheeses  do 
not  contain  indole  or  phenol.  Scatole  is  absent 
in  all  cases.  The  amount  of  indole  in  Limburger 
cheese  increases  during  the  ripening  process 
until  it  reaches  as  much  as  1 part  in  52,800  parts 
of  cheese  (Nelson,  J.  Biol.  Chem.  1916,  24,  533). 
All  cheeses  contain  p-hydroxyphenylethylamine, 
which  is  produced  by  the  action  of  micro- 
organisms on  tyrosine  ; the  amine  is  a normal 
constituent  of  cheese,  and  is  produced  before 
actual  decomposition  of  the  latter  takes  place. 
The  organisms  which  produce  the  substance 
are  probably  identical  with  the  Baccasei-a- 
Freudenreich  (Ehrlich  and  Lange,  Biochem. 
Zeitsch.  1914,  63,  156). 

Tryptophane  has  also  been  found  in  ripe 
Stilton  cheese. 

The  chemical  analysis  of  cheese  includes  the 
determinations  of  the  water,  fat,  total  nitrogen, 
ash,  and  salt.  The  products  of  ripening  are  also 
sometimes  determined,  and  the  fat  may  be 
examined  for  adulteration  with  animal  fats. 

To  determine  the  water,  ash,  and  salt,  2 or 
3 grams  of  well- sampled  cheese,  cut  into  small 
pieces,  are  weighed  into  a flat-bottomed  dish 
and  placed  on  the  water-bath  at  100°C.,  the  dish 
being  inclined  so  that  the  fat  runs  off  the  drying 
curd.  Weighings  are  made  every  hour,  and  the 
water  is  found  to  have  all  been  driven  off  in 
about  5 or  6 hours. 

The  melted  fat  is  then  poured  off  and  the 
residue  well  macerated  in  hot  amyl  alcohol ; the 
residue  may  then  be  burnt  and  the  ash  weighed, 
the  salt  being  afterwards  dissolved  out  with 
water  and  the  solution  titrated  with  N/10  silver 
nitrate. 

The  water  may  be  determined  more  rapidly 
by  heating  from  8 to  12  grams  of  the  cheese 
with  petroleum  in  a distilling  flask  connected 
with  a condenser.  In  from  30  to  45  minutes  the 
whole  of  the  water  will  have  been  expelled  and 
may  be  measured  in  a graduated  tube  (Analyst, 
1913,  146). 

According  to  Evans,  Hastings,  and  Hart 
(J.  Agric.  Research,  1914,  2,  167),  the  organisms 
present  in  Cheddar  cheese  in  such  numbers  as 
to  indipate  that  they  must  have  some  function 
in  the  ripening  process,  are  included  in  the  four 


groups  : B.  lactis  acidi,  B.  casei,  Streptococcus, 
and  Micrococcus ; each  of  these  groups  may  be 
divided  into  a number  of  varieties  according  to 
their  fermentative  powers.  The  B.  casei  group 
is  apparently  responsible  for  the  pungent  taste 
which  develops  late  in  the  ripening  period. 
The  action  of  two  or  more  organisms  growing 
together  is  not  the  sum  of  their  individual 
actions  when  growing  alone.  When  growing 
together,  they  may  attack  substances  that 
neither  can  attack  alone,  or  they  may  produce 
a larger  quantity  of  acid  than  the  sum  of  the 
quantities  that  either  can  produce  alone.  The 
volatile  acids  formed  in  cheese  result  from 
the  action  of  Streptococci  and  Micrococci  on  the 
citric  acid,  lactose,  or  protein  present.  One  of 
the  varieties  of  Streptococcus  h.  forms  com- 
paratively large  quantities  of  alcohols  and 
esters  which  contribute  to  the  flavour  of  the 
cheese.  The  B.  casei  group  of  organisms  form 
propionic  acid,  acetic  acid,  and  lactic  acid. 
Certain  members  of  the  B.  casei  group  form  l- 
lactic  acid,  and  others  form  d-lactic  acid  ; a 
mixture  of  these  organisms  produces  racemic 
lactic  acid.  The  racemic  lactic  acid  found  in 
cheese  during  the  euring  process  may  also  be 
produced  to  a small  extent  by  enzymic  acid,  but 
it  is  more  probably  due  to  the  combined  action 
of  B.  lactis  acidi  and  the  organisms  of  the  B. 
casei  group  (J.  Soc.  Chem.  Ind.  1915,  34,  97). 

To  obtain  a typical  Cheddar  cheese  from 
pasteurised  milk,  the  pasteurising  temperature 
should  not  exceed  88°  (190°F.)  when  the  milk 
is  heated  rapidly,  or  77°  (170°F.)  when  the 
time  of  heating  is  from  15  to  30  minutes.  Heating 
to  at  least  77°  (170°)  is  needed  to  reduce  the 
number  of  organisms  ; at  93°  (200°F.)  practically 
all  the  organisms  are  destroyed.  Cheeses  pre- 
pared from  ‘ heated  ’ milk  contained  : water, 
33  "6 1-36  "22;  fat,  32  "36-34  "53  ; insoluble  nitro- 
gen (probably  unaltered  casein),  2 *49-2  "91  p.c. 
(Benson,  J.  Board  Agric.  1915,  21,  878). 

Ether  may  be  used  to  extract  the  fat,  and  the 
dried  curd  and  fat  afterwards  weighed  ; but  a 
better  method  is  to  take  a fresh  portion  of 
3 or  4 grams  of  the  cheese  and  grind  with  twice 
its  weight  of  anhydrous  copper  sulphate  in  a 
small  mortar,  afterwards  extracting  with  ether 
in  a Soxhlet  extractor. 

Modifications  of  the  Werner-Schmid  or 
Gottlieb-Rose  methods  also  give  good  results. 

The  total  nitrogen  is  determined  by  the 
Kjeldahl  method  in  about  1 gram  of  cheese. 

According  to  Richmond,  the  products  of 
ripening  may  be  determined  in  the  following 
manner  : 10  grams  of  the  cheese  are  placed  in 
a small  mortar  and  ground  up  with  25  c.c.  of 
boiling  water ; the  liquid  is  then  decanted 
through  a filter  into  a 250  c.c.  flask,  the  process 
being  repeated  with  nine  further  similar  measures 
of  boiling  distilled  water.  The  total  filtrates 
are  then  cooled,  made  up  to  the  250  c.c.  mark, 
and  well  mixed.  The  products  of  ripening  are 
determined  by  the  evaporation  in  a dish  of  an 
aliquot  part  (50  c.c.)  ; this,  after  drying  till 
constant  at  100°C.,  is  burnt,  the  weight  of  the 
dish  and  ash  being  subtracted  from  the  weight 
of  the  dish  and  dry  residue.  The  difference 
between  100  and  the  sum  of  the  water,  fat,  ash, 
and  products  of  ripening,  may  be  taken  as 
unaltered  casein. 

The  primary  products  of  ripening  may  be 
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determined  in  another  50  c.c.  of  the  filtrate  by 
the  Ritthausen  method  as  follows  : 5 c.c.  of 
copper  sulphate  solution  are  added  and  the 
solution  neutralised  with  caustic  soda  solution  ; 
the  precipitate  which  forms  is  collected  in  a 
weighed  Gooch  crucible  ; it  is  then  washed  well 
and  dried  in  a water-oven,  the  fat  is  then  ex- 
tracted with  ether,  and  the  residue  dried  till 
constant.  The  crucible  and  its  contents  are 
then  ignited  and  weighed,  the  difference  giving 
the  weight  of  the  primary  products  of  ripening, 
i.e.  soluble  proteins,  &c. 


To  examine  the  fat,  about  50  grams  are  dried 
till  the  fat  runs  out  : the  remaining  fat  is  then 
extracted  from  the  residue  with  ether,  the  ether 
evaporated  and  the  fat  examined,  as  in  the  case 
of  butter  fat.  The  soluble  and  insoluble  acids 
and  the  Reichert-Wollny  figure  being  generally 
determined,  the  addition  of  animal  fats  can  be 
thus  detected.  The  removal  of  fat  from  milk 
used  in  making  cheese  can  be  assumed  if  the  fat 
is  less  than  45  p.c.  of  the  dried  cheese  or  less 
than  six  times  the  total  nitrogen. 


Composition  of  Cheese  (Bell). 


Description 

100  parts  contain 

Propor- 
tion of  fat 
in  100 
parts  of 
dry  cheese 

Propor- 
tion of  fat 
in  100 
parts  of 
casein 
and  fat 

Salt 

per 

cent. 

in 

cheese 

Percentage  com- 

•rvnaiFinri  nf 

Water 

Fat 

Casein 

or 

nitro- 

genous 

matter 

Free 

acid 

as 

lactic 

Ash 

Soluble 

acids 

Insoluble 

acids 

Stilton 

23-57 

39-13 

32-55 

1-24 

3-51 

51-19 

52-50 

0-67 

4-42 

88-96 

American  (red) 

28-63 

38-24 

29-64 

— 

4-49 

53-57 

52-12 

0-72 

4-26 

89-66 

American  (pale)  . 

31-55 

35-93 

28-83 

0-27 

3-42 

52-49 

53-34 

0-82 

4-81 

88-49 

Roquefort  . 

32-26 

34-38 

27-16 

1-32 

4-88 

50-75 

54-24 

3-04 

4-91 

88-70 

Gorgonzola  . 

31-85 

34-34 

27-88 

1-35 

4-58 

20-39 

53-08 

2-11 

4-40 

89-18 

Cheddar  (medium) 

35-60 

31-57 

28-16 

0-45 

4-22 

49-02 

50-49 

1-43 

4-55 

88-75 

Gruyere 

33-66 

30-69 

30-67 

0-27 

4-71 

46-26 

47-07 

0-81 

4-41 

88-97 

Cheshire 

37-11 

30-68 

26-93 

0-86 

4-42 

48-78 

50-84 

1-69 

5-55 

87-76 

Single  Gloster 

35-75 

28-35 

31-10 

0-31 

4-49 

44-12 

45-24 

1-28 

6-68 

86-89 

Dutch. 

41-30 

22-78 

28-25 

0-57 

1 

7-10 

38-80 

42-41 

4-45 

5-84 

87-58  . 

The  ripening  process  in  cheese,  whereby  it 
usually  acquires  a more  agreeable  flavour,  is 
essentially  a fermentation  of  slow  character, 
which  is  brought  about  by  micro-organisms 
which  are  generally  present  in  the  milk  or  in  the 
air  of  the  dairy.  They  can  only  be  controlled, 
to  a limited  extent,  by  the  process  of  making, 
temperature,  &c.  It  is  not  possible  to  destroy 
undesirable  organisms  by  sterilisation,  for  heated 
milk  will  not  make  typical  cheese  as  far  as  is 
at  present  known,  though  heating  to  150°F. 
is  now  practised  for  soft  cheeses.  Cleanliness, 
from  the  moment  the  milk  leaves  the  cow,  is  of 
the  utmost  importance. 

The  organisms  which  cause  most  trouble  to 
the  cheese  maker  are  those  which  produce  gas, 
which,  when  it  develops  in  the  curd,  produces 
what  is  known  as  heaving  or  blown  cheeses. 
These  organisms,  to  which  Bacillus  coli  com- 
munis belongs,  often  come  from  manure.  Their 
absence  can  be  demonstrated  by  what  is  known 
as  a fermentation  test,  which  consists  in  placing 
about  10  c.c.  of  the  milk  in  a sterile  test-tube 
and  keeping  it  at  blood  heat  for  about  18  hours, 
after  which  time  no  signs  of  bubbles  of  gas 
should  be  seen  in  the  tube. 

Bitterness  in  cheese  is  sometimes  caused  by 
bacteria,  as  is  the  case  when  the  milk  is  infected 
with  Micrococcus  casei  amari  or  Tyrothrix  geni- 
culatus.  An  interesting  example  of  a bitter 
cheese  organism  is  that  of  Torula  amara,  which, 
after  causing  much  trouble  and  loss  in  Canada, 
was  eventually  traced  to  the  leaves  of  the  sugar 
maple,  from  which  source  it  infected  the  clean 
chiums  which  were  stood  under  the  trees  after 
be  ng  cleaned. 

Discolouration  of  Stilton  cheese  may  be 


produced  by  two  groups  of  bacteria  acting  upon 
caseinogen  and  certain  amino  acids. 

Black  spots  in  cheese  may  be  caused  by 
moulds  or  by  particles  of  iron  which  get  into  the 
milk  and  are  afterwards  changed  to  sulphide  by 
the  sulphuretted  hydrogen  produced  in  ripening. 
Other  organisms  which  produce  colours  (moulds, 
&c.),  may  get  into  the  milk  or  may  be  derived 
from  the  air  or  utensils  of  the  dairy  at  later 
stages  of  the  manufacture. 

The  cheese  maggot  is  the  larva  of  the  fly 
Piophila  casei.  There  are  four  species  of  cheese 
mites  : (1)  Carpoglyphus  anonymus  (the  Ched- 
dar mite)  ; (2)  Tyroglyphus  siro  ; (3)  Tyro- 

glyphus  longior  ; (4)  Aleurohius  farince  (2,  3, 
and  4 are  Stilton  and  Cheddar  mites)  (N.  B. 
Eales,  1917). 

It  must  be  remembered  that  micro-organisms 
and  the  enzymes  they  produce  play  a most  im- 
portant part  in  ripening  ; how  far  this  process 
is  also  dependent  on  the  proteolytic  enzymes  of 
the  rennet  and  to  the  natural  enzymes  of  the 
milk  is  not  yet  fully  ascertained.  As  above 
mentioned,  pure  cultures  of  lactic  acid  organisms 
are  sometimes  added  to  milk  to  be  used  for 
hard- cheese  making,  and  Camembert  is  often 
infected  with  the  appropriate  mould.  Gorgon- 
zola is  also  sometimes  infected  with  mould  to 
make  the  desired  blue  veins.  As  a general 
rule,  however,  the  dairy  and  district  where  a 
particular  kind  of  cheese  is  made  contain  the 
organisms  which  are  necessary  for  the  success- 
ful manufacture  of  the  cheese  in  question. 

The  natural  rind  on  Gorgonzola  cheese 
amounts  to  from  2 to  4 p.c.  of  t^he  weight,  but 
in  artificially  coated  cheese  it  may  amount  to 
from  16  to  27  p.c.  of  the  whole  weight.  This 
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artificial  coating  consists  of  a mixture  of  barytes 
and  tallow  coloured  on  the  outer  side  with 
oxide  of  iron.  The  importation  of  coated 
cheese  into  France  is  prohibited  (Hinks,  Analyst, 
1911,  36,  61). 

Oleomargarine  and  Lard  Cheese.  The  suc- 
cess attending  the  sale  of  margarine  as  a sub- 


stitute for  butter  has  led  manufacturers, 
especially  in  America,  to  introduce  foreign  fats 
of  animal  or  vegetable  origin  in  the  production 
of  cheese  as  a means  of  utilising  skim-milk  ; the 
cream  which  has  been  abstracted  being  re 
placed  by  lard,  oleomargarine,  and  by  cotton- 
seed oil. 


Analyses  oe  Oleomargarine  and  Lard  Cheeses  (Bell). 


— 

100  parts  of  cheese  contain 

Per  cent, 
of  salt 

100  parts  of  fat  contain 

Melting- 
point  of 
fat 

Water 

Fat 

Casein  and 
free  acids 

Ash 

Insoluble 
fatty  acids 

Soluble 
fatty  acids 

Oleomargarine 

Lard 

30- 95 

31- 30 

28-80 

24-66 

36-27 

38-87 

3-98 

5-17 

1-14 

1-55 

92-43 

92-88 

2-16 

1-55 

77°F. 

92°F. 

In  flavour  and  character  these  samples 
closely  resembled  milk-fat  cheese.  Comparison 
of  the  results  of  the  analysis  of  the  two  samples 
with  those  yielded  by  genuine  cheeses  in  the 
former  table  conclusively  proves  the  admixture 
with  foreign  fat.  The  low  percentage  of  soluble 
acids  indicates  that  more  than  one-half  of  the 
fat  has  not  been  derived  from  milk.  J.  G. 

CHEIRININE.  See  under  Cheiroline. 

CHEIROLINE  C5H9O2NS2,  colourless  prisms, 
m.p.  47°-48°,  optically  inactive,  occurs  in 
wallflower  seeds  {Cheiranthus  Cheiri  [Linn.]), 
1‘6-1‘7  p.c.,  and  in  Erysimum  species.  It 
has  the  constitution  CH3-SOVCH2-CH2-CH2-NCS 
and  has  been  synthesised  (Schneider,  Annalen, 
1910,  375,  207).  It  is  present  as  a sinigrin-like 
glucoside,  which  is  hydrolysed  by  myrosin  from 
white  mustard  seeds.  Wallflower  seeds  contain 
an  enzyme  capable  of  liberating  mustard  oil 
from  (myrosin-free)  black  mustard  seeds  (Schnei- 
der and  Lohmann,  Ber.  1912,  45,  2954).  Cheiro- 
line has  no  basic  properties,  and  is  said  to  be 
antipyretic  (Wagner,  Chem.  Zeit.  1908,  32,  76). 
From  wallflower  leaves  or  seeds  Reeb  has 
obtained  cheirinine  CiqH350i7N3,  which  re- 
sembles quinine  in  physiological  action  (Arch, 
expt.  Path.  Pharm.  1898,  41,  302  ; 1899,  43, 
130)  and  a glucoside  cTieiranthin.  G.  B. 

CHELERYTHRINE  C21H17O4N  occurs  in 
various  Papaveraceous  plants,  e.g.  Ghelidonium 
majus  (Linn.),  Glaucium  flavum  (Crantz.), 
Sanguinaria  canadensis  (Linn.)  (Probst,  Annalen, 
1839,  29,  120,  250),  Bocconia  spp.  Forms  colour- 
less rhombohedra  with  or  IC2H5OH,  m.p. 

203°,  [a]^=0°.  Salts  intensely  yellow  and  well 

crystallised.  The  free  base  is  colourless.  It 
contains  a carbonyl  group,  and  if  this  is  altered 
the  basic  properties  are  lost.  Perhaps  it  forms 
oxonium  salts  (Karrer,  Ber.  1917,  50,  212). 
Contains  two  methoxyl  groups,  and  may  be  a 
methyl  ether  of  sanguinarine  {g.v.).  Narcotic 
(Konig  and  Tietz,  Arch.  Pharm.  1893,  231,  145, 
161  ; Murrill  and  Schlotterbeck,  Ber.  1900,  33, 
2802  ; Fischer,  Arch.  Pharm.  1901,  239,  409, 
426,  438). 

CHELIDONINE  C2oHi906N,H20  occurs  with 
protopine,  chelerythrine,  sanguinarine,  and 
a-,  P',  and  7-homochelidonines  in  the  root  of  the 
common  celandine  {Ghelidonium  majus  [Linn.]), 
and  with  one  or  more  of  the  same  alkaloids  in 
Styh'phorum  di'phyllum  (Nutt.)  (Selle,  Arch. 
Pharm.  1890,  228,  96),  Adlumia  cirrhosa  (Rafin.) 


{see  under  Adlumine),  and  possibly  in  Sangui- 
naria canadensis  (Linn.)  (Konig  and  Tietz,  Arch, 
^harm.  1893,  231,  145,  161).  It  crystallises  in 
monoclinic  tablets,  m.p.  135°-136°,  [a]^+115° 

24'.  Yields  a benzoyl  derivative,  m.p.  217°,  and 
when  heated  with  zinc-dust  furnishes  ammonia 
and  a substance  with  a phenanthrene-like  odour 
(Schlotterbeck  and  Watkins,  Pharm.  Arch.  1903, 
6,  141).  Salts  crystallise  well  (Wintgen,  ibid. 
1901,  239,  438).  It  is  slightly  toxic,  resembling 
morphine  in  its  action. 

CHEMICAL  AFFINITY.  There  has  been 
much  fruitless  speculation  about  chemical 
affinity,  about  the  nature  of  the  force  which 
impels  two  different  substances  to  react  with 
one  another.  During  the  last  half-century, 
however,  the  efforts  of  physical  chemists  have 
been  devoted  rather  to  the  practical  investiga- 
tion of  the  way  in  which  chemical  affinity  mani- 
fests itself,  and  of  the  extent  to  which  the 
operation  of  this  force  is  modified  by  altering 
the  external  conditions.  Quantitative  methods 
have  been  devised  for  studying  the  influence  of 
concentration,  of  temperature  and  pressure,  and 
of  foreign  substances,  on  the  course  and  products 
of  a reaction.  The  object  of  this  article  is  to 
give  an  outline  of  the  methods  employed  and 
the  results  obtained  in  this  study  of  the  operation 
of  chemical  affinity.  The  three  chief  divisions 
into  which  the  discussion  of  the  subject  naturally 
falls  are  (1)  velocity  of  chemical  reactions; 
(2)  chemical  equilibrium  ; (3)  catalysis. 

Velocity  of  chemical  reactions.  It  is  well 
known  that  different  chemical  reactions  proceed 
to  completion  at  very  different  rates.  One 
change  may  be  so  rapid  as  to  be  practically 
instantaneous,  whilst  in  another  case  the  re- 
acting substances  may  appear  almost  indifferent 
to  each  other.  The  rate  of  chemical  change 
depends,  however,  to  a marked  extent  on  the 
temperature,  so  that  the  velocity  of  a reaction 
which  takes  place  with  extreme  rapidity  is 
moderated  on  lowering  the  temperature,  and 
becomes  amenable  to  experimental  investiga- 
tion. Suppose  now  that  for  such  a reaction  as 
that  represented  by  the  equation  A-fB=C+D, 
a range  of  temperature  has  been  found  over 
which  the  change  proceeds  at  a measurable 
rate ; the  question  next  arises.  How  is  the 
velocity  of  the  change,  at  a given  temperature, 
dependent  on  the  quantities  of  the  reacting 
substances  A and  B ? In  dealing  with  this 


158 


CHEMICAL  AFFINITY. 


question,  we  shall  assume  that  the  reaction 
system  is  homogeneous,  and  that  the  change 
proceeds  completely  from  left  to  right,  unLl 
either  A or  B has  disappeared. 

The  reaction  system  being  homogeneous,  it 
is  permissible  to  regard  matters  from  the  mole- 
cular-kinetic point  of  view,  and  to  conceive  the 
interaction  of  the  substances  A and  B as  taking 
place  only  in  so  far  as  the  molecules  of  A come 
in  contact  with  the  molecules  of  B.  The  velocity 
of  the  reaction,  therefore — that  is,  the  rate  at 
which  A and  B disappear — will  be  proportional 
to  the  frequency  of  the  collisions  between  a 
molecule  of  A and  a molecule  of  B,  even  although 
only  a certain  proportion  of  the  collisions  is 
followed  by  chemical  interaction.  Now,  on 
kinetic  grounds,  the  frequency  of  the  collisions 
between  molecules  of  A and  B is  proportional  to 
the  product  of  their  concentrations,  hence  the 
velocity  of  reaction  between  A and  B is  pro- 
portional to  the  product  of  their  concentrations 
(or  their  ‘ active  masses,’  as  it  is  sometimes  put)*. 
This  proposition  is  nothing  else  than  the  law  of 
mass  action,  applied  to  the  chemical  change 
under  consideration. 

The  foregoing  proposition  may  be  formulated 
in  more  definite  shape.  If  a is  the  concentra- 
tion of  the  substance  A,  and  h is  the  concentra- 
tion of  the  substance  B at  the  beginning  of  the 
reaction,  then  the  initial  velocity  of  the  change, 
Vq,  is  given  by  the  equation  Vq  = ^i  . ab,  where 
is  a proportionality  factor,  the  numerical  value 
of  which  is  independent  of  the  concentrations  of 
the  reacting  substances,  and  varies  only  with 
temperature  and  other  external  conditions.  If, 
now,  the  reaction  is  allowed  to  proceed  for  an 
interval  of  time  t,  and  if  x represents  the  extent 
to  which  the  concentrations  of  A and  B have 
been  diminished  by  the  progress  of  the  change, 
then  the  velocity  at  time  t,  V^,  is  given  by  the 
equation  . {a—x){h—x).  It  is  obvious 

that  must  be  less  than  Vq,  and  that  the 


velocity  of  the  reaction  must  diminish  con- 
tinuously from  the  start  onwards  : V^,  therefore, 
represents  the  velocity  of  the  reaction  only  for 
an  infinitely  short  space  of  time.  This  velocity 
is  defined  by  the  rate  at  which  x is,  at  that 
moment,  increasing  with  the  time,  and  if,  using 
the  language  of  the  differential  calculus,  we 
indicate  by  dx  the  extent  to  which  x increases 
in  the  infinitely  short  space  of  time  dt,  we  may 

write  Y {a—x)(b—x). 


The  applicability  of  the  law  of  mass  action, 
as  expressed  in  the  foregoing  formula,  is  best 
appreciated  by  reference  to  a particular  case, 
such  as  the  inversion  of  sucrose.  Although  this 
change,  which  may  be  represented  by  the 
equation  Ci2H220ii  + H20=2C6Hi206,  takes 
place  with  appreciable  velocity  only  in  the 
presence  of  a catalytic  agent  such  as  hydro- 
chloric acid,  yet  the  latter  is  found  unaltered 
when  the  reaction  is  over,  and  the  inversion  of 
sucrose  may  be  regarded  as  a particular  case  of 
the  reaction  A+B^C-fD.  The  fact  that  the 
inversion  is  carried  out  in  aqueous  solution 
permits,  however,  a simplification  of  the  formula 
dx 

. {a—x){h—x) ; the  water  taking  part  in 


the  reaction  is  a small  fraction  of  the  total  water 
present,  so  that  x may  be  neglected  in  comparison  | 


with  h,  and  we  may  write  -^=k{a—x),  where 
k=ki  . b.  Integration  of  this  equation  leads  to 
the  formula  k—-.  log^  - ^ ’in  which,  as  already 

V (t  X 

indicated,  a is  the  initial  concentration  of 
sucrose,  and  a — x is  its  concentration  after 
the  inversion  has  proceeded  for  t units  of 
time. 

In  order  to  test  the  validity  of  the  formula 
/c;— T.  log.  as  applied  to  the  inversion  of 


sucrose,  it  is  only  necessary  to  ascertain  the 
amount  of  sucrose  still  present  in  the  reaction 
mixture  at  intervals  during  the  progress  of  the 
inversion,  and  then  to  see  whether  the  amount  of 
sucrose  varies  with  the  time  in  the  manner  re- 
quired by  the  formula.  The  simplest  way  of 
following  the  course  of  sugar  inversion  is  to  use 
the  polarimeter.  The  reaction  mixture,  that  is, 
sucrose  solution  containing  a catalytic  agent 
such  as  hydrochloric  acid,  is  put  in  the  polari- 
meter tube,  which  should  be  provided  with  a 
water  - jacket  in  order  to  secure  a constant 
temperature  during  the  progress  of  the  inversion. 
The  angle  of  rotation  is  determined  at  the 
beginning  of  the  change,  at  subsequent  intervals, 
and  finally  when  the  change  is  complete.  If  we 
indicate  by  Uq,  a,  and  the  initial  angle  of 
rotation,  the  angle  at  time  t from  the  start,  and 
the  final  angle  respectively,  then  a^  — a^  is  a 
measure  of  a,  the  total  sucrose  undergoing  in- 
version, and  a— Hoc  is  similarly  a measure  of 
a—x,  the  sucrose  which  has  still  to  undergo 

inversion  after  time  t.  Hence 


a~x  a — ttof- 
and  the  formula  which  should  represent  the 


course  of  the  inversion  becomes  k=-.  log 


an 


a 


cc 


t ' a— a 


cc 


From  the  ascertained  values  of  t,  uq,  a,  and  ao^, 
it  is  easy  to  discover  whether  the  expression  on 
the  right-hand  side  of  the  equation  is  constant 
or  not.  The  experimental  data  recorded  in  the 
following  table  show  how  far  in  a particular  case 
the  actual  course  of  sucrose  inversion  corre- 
sponds with  the  velocity  formula  : — 


Inversion 

of  Sucrose  at  25° 

by  N/2  HCl. 

t 

Angle  of  _ i 

ao — aoc 

• login 

OIU  ct — dec 

in  minutes 

rotation  t 

0 

+25*16° 

— 

56 

16*95° 

0*00218 

116 

10*38° 

0*00218 

176 

5*46° 

0*00219 

236 

1*85° 

0*00219 

371 

-3*28° 

0*00221 

cc 

-8*38° 

— 

The  expression  evaluated  in  the  last  column  is 
— ~~  instead  of  y.logfj^^^^ — but, 

t a— ttcc  i <x— Uoc 

obviously,  if  the  value  of  the  former  expression 
is  constant,  the  value  of  the  latter  must  be  so 
also.  The  figures  in  the  last  column  are  satis- 
factorily constant,  and  the  figure  0*00219  may 
therefore  be  taken  as  the  velocitv  coefficient  for 
the  inversion  of  sucrose  under  the  specified  con- 
ditions, viz.  at  25°  and  in  presence  of  N/2  HCl. 
The  variation  of  the  velocity  coefficient  with 
temperature  and  with  the  concentration  of  the 
acid  will  be  discussed  later. 
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Reactions,  in  which  only  one  molecule 
of  a single  substance  undergoes  change,  are 
termed  unimolecular,  reactions,  or  reactions  of 
the  first  order.  The  course  of  all  such  re- 
actions, apart  from  possible  disturbing  factors, 

1 ct 

is  represented  by  the  formula  k=-.log„ 

Examples  of  strictly  unimolecular  changes,  to 
which  the  foregoing  formula  has  been  found 
applicable,  are  the  transformation  of  aceto- 
chloranilide  into  ^a-chloracetanilide,  and  Beck- 
mann rearrangement,  and  the  decomposition  of 
nickel  carbonyl.  The  inversion  of  sucrose  is, 
strictly  speaking,  not  a unimolecular  but  a 
bimolecular  reaction,  for  both  water  molecules 
and  sugar  molecules  are  involved  in  the  change. 
The  reaction  takes  place,  however,  in  aqueous 
solution,  and,  as  already  indicated,  the  conse- 
quence is  that  the  course  of  the  inversion  con- 
forms to  that  characteristic  of  a strictly  uni- 
molecular change.  In  many  other  similar  cases, 
a bimolecular  reaction  proceeds  in  accordance 

1 a 

with  the  formula  k=  -.  log. . Examples  of 

this  are  the  hydrolysis  of  methyl  acetate  and  the 
decomposition  of  diazonium  salts. 

It  is  desirable  here  to  emphasise  certain 
features  which  are  characteristic  of  unimolecular 
reactions,  features  which  can  indeed  be  read  out 
of  the  velocity  formula,  but  are  most  clearly 
seen  by  the  consideration  of  experimental  data. 
In  the  first  place,  for  all  unimolecular  reactions 
the  amount  of  change  occurring  in  a given 
interval  of  time  is  a constant  fraction  of  the  un- 
changed substance  still  present.  This  is  a 
necessary  consequence  of  the  fundamental 
velocit}^  ec^uation,  as  is  clear  when  it  is  written 
doo 

in  the  form ~kdt,  but  the  proposition  is 

Qf  OC 

also  in  harmony  with  observation,  as  will  be 
seen  by  a consideration  of  the  following  data 
bearing  on  the  inversion  of  sucrose  (Armstrong 
and  Caldwell,  Proc.  Roy.  Soc.  A.  1905,  74,  199). 
A sucrose  solution  was  inverted  at  20°  with 
hydrochloric  acid,  and  the  angle  of  rotation  (a) 
was  determined  from  time  to  time,  with  the 
results  shown  below  : 


Time 

a 

0 

+ 21-55- 

15 

20-40 

120 

13-75' 

135 

12-95 

225 

8-62' 

240 

8-02' 

oc 

-7-18' 

The  decrease  in  rotation  during  the  first 

15  minutes,  viz.  1 T5°,  is  a measure  of  the  amount 

of  change  during  that  interval.  The  average 

rotation  of  the  solution  over  this  interval  may 

1+1  ^ 21*5.5° + 20-40°  oA.n^o  j 

be  taken  as  2 = 20  97  , and  a 

measure  of  the  unchanged  sucrose  present  is 
given  by  20-97  + 7*18=28'15.  The  ratio  of  the 
amount  of  change  occurring  in  the  first  15 
minutes  to  the  amount  of  unchanged  sucrose 

1*15 

present  is  therefore  = 0*041.  If  now  the 

intervals  from  120  to  135  minutes,  and  from 
225  to  240  minutes  are  similarly  considered,  it 
will  be  found  that  the  ratio  of  the  amount  of 
change  occurring  in  the  15-minute  interval  to 


the  amount  of  unchanged  sucrose  present  is 
0-039  in  each  case,  practically  the  same  value  as 
for  the  first  15  minutes  of  the  inversion.  The 
experimental  data,  therefore,  bear  out  the  state- 
ment that  for  a unimolecular  reaction  the  amount 
of  change  occurring  in  a given  interval  of  time 
is  a constant  fraction  of  the  unchanged  sub- 
stance still  present. 

Another  feature  of  unimolecular  reactions  is 
that  the  amount  of  substance  changed  in  a given 
time  is  always  the  same  fraction  of  the  total 
amount  of  substance  present  at  the  beginning 
of  the  reaction,  however  this  latter  amount  be 
varied.  An  illustration  of  this  is  furnished  by 
the  following  data,  referring  to  the  inversion  of 
sucrose  in  very  dilute  aqueous  solution  under 


the  influence  of  invertase  ; — 

Grams  sucrose 

Grams  sucrose 

per  100  c.c. 

inverted  in  60  mins. 

1-00 

0-249 

0-50 

0-129 

0-25 

0-060 

This  experimental  result  is  implied  in  the 

oc 

formula  for  a unimolecular  reaction,  for  if 

ct 

is  the  fraction  of  the  total  sucrose  which  has 
been  inverted  up  to  time  t,  the  formula  may  be 

written /{;= -7  . log  , , and  it  is  plain  that  the 

t 1— 2/ 

value  of  y depends  merely  on  t,  and  is  indepen- 
dent of  a. 

For  bimolecular  reactions,  that  is,  reactions  in 
which  two  molecules  are  concerned,  the  funda- 

doc 

mental  velocity  equation  is  -^—k{a—x){h  — x), 


as  indicated  in  the  argument  above.  Inte- 
gration of  this  equation  leads  to  the  formula 
1 , kla—x) 


k= 


•log. 


If,  however,  the  two 


{a—b)t  ’ ^ea(b  — )x‘ 
reacting  substances  have  the  same  initial  concen- 
tration, that  is,  if  a — h,  the  integrated  formula 

. , 1 X 

18  k—j-  , • 

t a[a—x) 

A typical  case  of  a bimolecular  reaction,  or 
reaction  of  the  second  order,  is  the  saponification 
of  an  ester  by  an  alkali.  Under  suitable  con- 
ditions of  temperature  and  concentration,  the 
velocity  of  saponification  is  measurable,  and  the 
progress  of  the  reaction  can  be  determined  by 
extracting  samples  of  the  reaction  mixture  from 
time*  to  time  and  titrating  for  free  alkali.  The 
figures  in  the  following  table,  referring  to  the 
saponification  of  ethyl  acetate  by  sodium 
hydroxide  at  24*7°,  will  serve  to  show  how  far 
the  experimental  data  are  in  harmony  with  the 
formula  just  recorded.  The  reaction  mixture 
in  this  ca,§e  was  N/40  in  relation  both  to  ester  and 
alkali,  and  the  figures  under  a—x  in  the  table 
are  the  volumes  of  a standard  acid  solution  re- 
quired to  neutralise  10  c.c.  of  the  reaction 
.mixture  : — 


(min.) 

a—x 

lca=^^  . - 
t a 

0 

8-04 

— 

4 

5-30 

0-129 

6 

4-58 

0-126 

8 

3-91 

0-132 

10 

3-51 

0-129 

12 

3-12 

0-131 

15 

2-74 

0-129 

20 

2-22 

0-131 
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The  figures  in  the  last  column  are  satis- 
factorily constant,  and  confirm  the  application 
of  the  law  of  mass  action  to  a bimolecular 
reaction. 

Reactions  of  the  third  and  higher  orders  are 
known  and  the  formulae  applicable  to  these  are 
obtained  on  the  lines  already  indicated.  Cases 
of  such  reactions,  however,  are  comparatively 
rare,  and  it  is  not  proposed  to  discuss  them  here. 
Investigation  has  shown  that  frequently  a re- 
action which  a general  knowledge  of  the  facts 
would  lead  us  to  regard  as  a reaction  of  a high 
order  turns  out  to  be  one  of  a low  order.  This 
result  is  undoubtedly  due  to  the  apparently 
complex  reaction  being  really  a series  of  succes- 
sive changes  of  a simpler  kind.  Under  these 
circumstances,  the  velocity  of  the  complex  re- 
action is  determined  by  those  of  the  component 
reactions  which  are  comparatively  slow.  If, 
for  instance,  one  of  the  latter  is  incomparably 
slower  than  all  the  others,  then  the  order  of  the 
complex  reaction  will  be  the  order  of  this  slow 
component  reaction. 

Influence  of  Temperature. — It  is  well  known 
that  a chemical  reaction  is  markedly  accelerated 
by  even  a slight  rise  of  temperature,  but  a 
definite  measure  of  the  influence  of  temperature 
on  a given  reaction  can  be  obtained  only  by 
determining  the  velocity  coefficient  of  the  re- 
action at  different  temperatures.  The  value  of 
the  temperature  coefficient  of  reaction  velocity, 
deduced  in  this  way,  is  remarkably  independent 
of  the  nature  of  the  particular  reaction  under 
investigation.  For  homogeneous  reactions  of 
the  most  varied  character,  the  factor  by  which 
the  velocity  coefficient  at  T°  must  be  multiplied 
in  order  to  give  the  velocity  coefficient  at  T-j- 10°, 
lies,  as  a rule,  between  2 and  4.  Speaking 
generally,  one  may  say  that  the  velocity  of  a 
chemical  reaction  is  doubled  or  trebled  for  every 
rise  of  10°.  It  is  a striking  fact  that  the 
temperature  coefficient  of  various  vital  processes, 
such  as  vegetable  respiration,  is  of  the  same 
order  as  that  found  for  chemical  reactions 
generally. 

Chemical  equilibrium.  The  reactions  dis- 
cussed in  the  foregoing  section  have  all  been 
changes  which  proceed  from  left  to  right  until  at 
least  one  of  the  reacting  substances  has  dis- 
appeared. There  are  many  reactions,  however, 
which  do  not  belong  to  this  type,  inasmuch  as 
they  come  to  a stop  while  the  reacting  sub- 
stances are  still  present  in  the  reaction  mixture. 
Suppose,  for  instance,  that  the  reaction  between 
two  substances  A and  B is  of  this  description, 
and  that  C and  D are  the  products  of  the  re- 
action ; then  the  change  proceeds  until  a state 
of  equihbrium  is  attained  at  which  all  four 
substances  are  present.  It  is  further  found  that 
if  the  products  C and  D are  brought  together, 
they  react  to  form  the  substances  A and  B,  while 
the  final  state  of  equilibrium  reached  is  the  same 
as  in  the  previous  case.  Such  a reaction  is 
known  as  a balanced  or  reversible  reaction,  and 
in  the  corresponding  equation  a double  arrow 
is  substituted  for  the  usual  sign  of  equality ; 
thus  : A+B^C+L. 

The  progress  of  a reversible  reaction  towards 
its  equilibrium  position  may  be  regarded  as  the 
resultant  of  two  opposed  velocities,  one  the  ve- 
locity (Vj)  with  which  the  substances  on  the  left 


side  react  to  form  those  on  the  right  side  of 
the  equation,  and  the  other  the  velocity  {vf) 
with  which  the  substances  on  the  right  side  react 
to  form  those  on  the  left  side  of  the  equation. 
If  we  take  A+B'^C+D  to  represent  the 
reversible  reaction  in  question,  and  suppose  that 
at  some  particular  moment  the  concentrations 
of  the  four  substances  in  the  reaction  mixture 
are  a,  b,  c,  and  d respectively,  then  at  that 
moment  v^=k-^ab  and  v^  = lc^cd.  The  observed 
velocity  of  the  change  is,  of  course,  the  difference 
between  and  v^.  If  now  the  change  has  pro- 
ceeded at  constant  temperature  until  the 
equilibrium  position  is  reached,  and  the  con- 
centrations of  the  four  substances  are  a^,  b^^  c^, 
and  dg  respectively,  then  v-^=lc,^a^Q,  and 
= lc^c^dQ^  Since  there  is  equilibrium,  the  forward 
reaction  is  exactly  balanced  by  the  back  re- 
action, so  that  and 

Cp, . do 


Ic, 


ratio  ^ is  replaced  by  the  one 


^2  ’ ^6  ^^2 
constant  K,  we  have  K is  known  as 

% .6c; 

the  equilibrium  constant,  and  its  numerical 
value  defines  the  relationship  which  must  exist 
between  the  equilibrium  concentrations  of  the 
substances  involved  in  a reversible  reaction. 
The  argument  employed  above  might  obviously 
be  extended  to  reversible  reactions  other  than 
A-i-B’^C+D  : the  result  in  all  cases  would 
be  an  equilibrium  formula  involving  a constant 
ratio  between  the  product  of  the  equilibrium 
concentrations  of  the  substances  on  the  right 
side  and  the  product  of  the  equilibrium  con- 
centrations of  the  substances  on  the  left  side, 
however  the  values  of  these  concentrations 
might  vary  individually.  It  ought,  perhaps,  to 
be  pointed  out  here  that,  in  the  equilibrium 
formula,  the  concentration  of  any  substance, 
n molecules  of  which  take  part  in  the  reaction, 
must  be  raised  to  the  nth.  power. 

In  discussing  the  application  of  the  law  of 
mass  action  to  reversible  reactions  with  the  help 
of  the  equilibrium  formula,  we  shall  deal  first 
with  cases  in  which  the  reaction  system  is 
homogeneous.  As  an  example,  the  equilibrium 
between  carbon  dioxide,  hydrogen,  carbon 
monoxide,  and  water  vapour  may  be  considered  ; 
the  reaction  in  question  is  represented  by  the 
equation  CQo  + Ho^CO  + HgO,  and  is  ob- 
viously of  the  t3q)e  A + B'^C +1).  In  Hahn’s  in  - 
vestigation  of  this  equilibrium  (Zeitsch.  physikaL 
Chem.  1903,  44,  513),  platinum  was  used  as 
a catalytic  agent,  and  on  this  ground  the 
objection  might  be  raised  that  the  reaction 
as  studied  by  that  investigator  is  not  really 
homogeneous.  A true  catalytic  agent,  however, 
as  will  be  shown  in  greater  detail  at  a later  stage, 
does  not  affect  the  position  of  equilibrium  in  a 
reversible  reaction,  but  merely  lessens  the  time 
required  for  the  attainment  of  equihbrium.  The 
reaction  which  takes  place  between  carbon 
dioxide  and  hydrogen,  or  between  carbon 
monoxide  and  water  vapour  in  contact  with 
platinum,  may  therefore  be  regarded  as  a homo- 
geneous reaction.  In  Hahn’s  experiments,, 
mixtures  of  the  gases  were  passed  through  a 
heated  quartz  or  porcelain  tube  containing 
( spongy  platinum.  Provided  that  the  rate  of 
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passage  was  slow  enough  to  allow  the  four  gases 

to  come  into  equilibrium  with  each  other, 

analysis  of  the  issuing  gas  gave  the  equilibrium 

concentrations,  C(,q  , C^  , C^q,  arfd  Cg  q.  The 

2 2 2 

relationship  between  these  required  by  the  law  of 


^CO  • ^HgO 


mass  action  is  K=pi 7^,  and  the  validity 


m02  • 


of  the  law  in  the  case  of  this  reaction  is  shown 
by  the  fact  that  the  value  of  K obtained  is,  for 
a given  temperature,  the  same  when  carbon 
dioxide  and  hydrogen,  in  varying  proportions, 
are  allowed  to  react,  as  when  carlaon  monoxide 
and  water  vajjour  are  taken  as  the  initial  sub- 
stances. A few  figures  obtained  by  Hahn  at 
086”  will  serve  to  support  this  statement. 
^Mixtures  of  carbon  dioxide  and  hydi’ogen,  in 
the  proportions  shown  in  the  following  table, 
were  passed  through  the  reaction  vessel,  and 
from  anaHsis  of  the  issuing  gas  the  values  of  K 
were  calculated  by  the  above  formula. 


Initial  mixture 

Equilibrium  mixture 

CO2 

Ha 

CO2 

C0=H2 

0 H, 

K 

10-1 

89-9 

0-70 

9-46 

80-3'8 

1-59 

30-1 

69-9 

7-18 

23-00 

46-82 

1-58 

49-1 

51-9 

21-36 

27-88 

22-88 

1-59 

60-9 

39-1 

34-20 

26-61 

12-58 

1-64 

70-3 

29-7 

47-66 

22-79 

6-76 

1-61 

Experiments  were  made,  also  at  986°,  in  which 
the  initial  'mixture  contained  carbon  monoxide 
and  water  vapour : the  mean  value  of  K, 
deduced  from  these  experiments,  was  1 '55, 
slightly  lower  than  the  average  of  the  figures 
recorded  in  the  table.  The  discrepancy,  how- 
ever, is  not  great,  and  the  numerical  data  quoted 
suffice  to  show  that  the  balance  established 
between?  the  four  gases,  whatever  be  their  initial 
concentrations,  is  adequately  defined  by  the 
mass  action  formula. 

A reversible  reaction  of  great  technical  im- 
portance is  the  one  which  forms  the  basis  of  the 
sulphuric  acid  contact  process  : 


2802  + 02:^2803 


and  consideration  of  this  case  from  the  stand- 
point of  the  mass  action  law  throws  light  on 
many  points  connected  with  the  process.  The 
reaction  may  be  regarded  as  a homogeneous 
one,  for  the  catalysts  used  in  the  technical 
process  do  not  affect  the  final  balance  between 
the  gases,  but  only  accelerate  the  attainment  of 
equilibrium. 

The  application  of  the  law  of  mass  action,  in 


this  case,  leads  to  the  result 


C 


so. 


C 


so, 


C 


= const. 


o. 


and  Cq  are  the  equilibrium 


in  which  Cgo^,  Cgo, 
concentrations  of  the  respective  substances.  It 
is  convenient,  however,  to  work  with  the  re- 
ciprocal of  the  foregoing  expression,  and  to 
regard  the  equilibrium  constant  as  defined  by 

'^SOg  • ^02 

K= ;; . The  accuracy  of  this  formula 


C 


<2 


SO, 


may  be  tested  with  the  help  of  the  experimental 
data  obtained  by  Bodenstein  and  Pohl  (Zeitsch. 
Elektrochem.  1905,  11,  373).  These  investi- 
gators passed  a mixture  of  sulphur  dioxide  and 
oxygen  over  spongy  platinum,  contained  in 
heated  quartz  tubes,  and  determined  the  equi- 
VoL.  II.— T, 


librium  concentrations  by  analysing  the  issuing 
gas.  The  figures  in  the  following  table,  obtained 
at  727°,  show  that  tlie  value  of  K,  worked  out 
from  the  equilibrium  concentrations,  is  in- 
dependent (1)  of  the  relative  proportions  of 
sulphur  dioxide  and  oxygen  passed  into  the 
apparatus,  (2)  of  the  presence  or  absence  of 
nitrogen  : — 

Initial  gas  ratio 


SO2  O2 

Na 

K X 10"- 

0-21  : 1 

0 

3-49 

0-62  : 1 

0 

3-59 

1-20  : 1 

0 

3-48 

1-68  : 1 

0 

3-51 

3-97  : 1 

0 

3-67 

1-23  : 1 

3-76 

3-60 

1-31  : 1 

3-76 

3-54 

1-55  : 1 

3-76 

3-52 

The  experiments  showed  also  that  the  value 
of  K obtained  for  a particular  gas  mixture  was 
independent  (1)  of  the  direction  in  which  the 
equilibrium  position  was  approached,  (2)  of  the 
rate  at  which  the  gaseous  mixture  was  passed 
over  the  catalyst.  The  latter  result  is  the 
guarantee  that  the  equilibrium  position  was 
really  attained. 

8imilar  resulte  were  obtained  at  various 
other  temperatures,  and  it  was  found  that  the 
value  of  K increased  rapidly  with  rising  tempera- 
ture, as  shown  by  the  following  figures  : — 


Temp.  C. 

K X 10" 

528° 

0-015 

579° 

0-077 

627° 

0-32 

680° 

1-12 

727° 

3-54 

789° 

12-6 

832° 

28-0 

897° 

81-6 

This  increase  means  that,  as  the  tempera-. 
ture  rises,  the  position  of  equilibrium  is  shifted 
in  favour  of  the  system  2SO2  + O2  ; in  other 
words,  the  dissociation  of  sulphur  trioxide 
becomes  greater.  For  each  set  of  conditions, 
the  extent  of  the  dissociation  is  defined  by  the 
corresponding  numerical  value  of  K,  deduced 
from  a formula  based  on  the  foregoing  table. 
It  is  possible,  then,  for  a given  temperature  and 
given  proportions  of  sulphur  dioxide,  oxygen 
and  nitrogen  in  the  initial  gaseous  mixture,  to 
calculate  what  will  be  the  relative  quantities  of 
trioxide  and  dioxide  in  the  equilibrium  mixture, 
that  is,  to  calculate  the  ‘ yield  ’ obtainable.  The 
results  of  such  calculations  for  various  propor- 
tions of  the  gases  and  for  various  temperatures, 
are  embodied  in  the  following  table.  The 
numbers  recorded  in  the  last  four  columns  are 
the  percentages  of  sulphur  dioxide  convertible 
into  sulphur  trioxide  under  the  specified 
conditions  : — 

Initial  gaseous  mixture 

SO,  Oo  No  400°  500°  600°  700° 

10-J  p.c.  5-05  p.c.  84-85  p.c.  96-2  83-2  59-1  31*9 
7-0  10-0  83-0  99-3  93”4  73*3  42-5 

4-0  14-6  81-4  99-4  94-9  78-3  48-1 

2-0  18-0  80-0  99-5  95-6  80-5  51-3 

These  figures  bring  out  clearly  one  other  point 
involved  in  the  equilibrium  formula,  namely, 

M 
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the  influence  of  the  partial  pressure  of  the 
oxygen.  If  the  equilibrium  formula  is  written 
in  the  form 

^S03 1 Cs03_  1 

it  is  plain  that  the  yield  at  a given  temperature 
ean  be  raised  by  increasing  the  partial  pressure 
of  the  oxygen,  and  this  conclusion  is  borne  out 
by  the  foregoing  table.  The  figures  show  also 
that  the  lower  the  temperature  the  better  is  tlie 
yield,  but  it  must  be  remembered  that  from  the 
technical  point  of  view  the  time  necessary  for 
the  attainment  of  equilibrium  is  also  an  im- 
portant consideration.  Fortunately,  with  plati- 
num as  catalyst,  the  union  of  sulphur  dioxide 
and  oxygen  takes  place  with  satisfactory 
rapidity,  even  at  temperatures  as  low  as  400°- 
500’,  at  which  the  dissociation  of  the  trioxide  is 
comparatively  slight.  V/ith  less  active  catalysts, 
however,  such  as  ferric  oxide,  a higher  tempera- 
ture is  required  to  secure  a satisfactory  velocity 
of  reaction,  and  this  involves  a reduction  of  the 
obtainable  yield. 

Another  reaction  which  is  of  exceptional 
interest  from  the  standpoint  of  chemical  equili- 
brium, and  which  has  assumed  great  technical 
importance  in  recent  years,  is  the  synthesis  of 
ammonia  from  nitrogen  and  hydrogen.  Although, 
as  Deville  showed  50-60  years  ago,  even  pro- 
longed exposure  of  ammonia  to  electric  sparks 
leaves  a trace  of  the  gas  undecomposed,  and  a 
minute  quantity  of  ammonia  is  formed,  when  a 
mixture  of  nitrogen  and  hydrogen  is  passed 
through  a heated  tube,  it  was  not  until  the  early 
years  of  the  present  century  that  the  reversibility 
of  the  reaction  was  properly  appreciated  and 
an  attempt  made  to  apply  the  principles  of 
chemical  equilibrium.  The  physico-chemical  in- 
vestigation of  the  equilibrium  N2+3Ho'^2NHq 
has  been  carried  out  mainly  by  Haber  and  his 
collaborators  {see  Zeitsch.  Elektrochem.  1914, 
20,  597  ; 1915,  21,  89  128,  191,  206,  228,  241), 
but  this  research,  conducted  originally  on  purely 
scientific  lines,  has  developed  in  a remarkably 
short  space  of  time  into  a large  scale  process 
for  the  production  of  ammonia  from  its  con- 
stituent elements. 

Granted  that  there  is  a genuine  equilibrium 
between  nitrogen,  hydrogen,  and  ammonia, 
Le  Chatelier’s  principle  indicates  clearly  that 
at  any  given  temperature  increase  of  pressure 
will  shift  the  equilibrium  position  in  favour  of 
ammonia.  The  formulation  of  the  equilibrium 
constant  gives  definite  expression  to  this 
pressure  effect,  and  for  the  present  purpose  the 
constant  is  best  stated,  not  in  terms  of  the 
equilibrium  concentrations  of  nitrogen,  hydrogen 
and  ammonia,  but  in  terms  of  their  equilibrium 
partial  pressures  p ^ , p„  , and  p . 

No  Ho  NHq 


On  this  basis 


P 


NH, 


^ — has  a constant  value 


at  a given  temperature,  or  alternatively. 


K = 


,q 


Since  at  high  temperatures  the  equilibrium 
concentration  of  ammonia  is  relatively  small  no 


great  error  is  made,  subject  to  that  condition, 
by  writing  p_^  + p^^  — P,  where  P is  the  total 

pressure.  If,  further,  the  nitrogen  and  hydrogen 
have  been  taken  in  the  exact  proportions  required 
by  the  chemical  equation,  p^^  = 3p^  . When 

these  relationships  are  coupled  with  the  expres- 
sion for  the  equilibrium  constant  it  follows  that 
p = 0'325K  X P'^.  Hence,  for  low  concentra- 

NHg 

tions  of  ammonia,  the  partial  pressure  of  this 
gas  in  the  equilibrium  mixture  is  proportional 
to  the  square  of  the  total  pressure. 

If  X is  taken  to  represent  the  volume  per- 
centage of  ammonia  in  the  equilibrium  mixture, 

X ==  — X 100  = 32  AK  X P.  This  relationship, 

according  to  which  the  volume  percentage  of 
ammonia,  for  low  concentrations,  should  be 
proportional  to  the  total  pressure,  is  confirmed, 
for  example,  by  some  of  Haber’s  experiments  at 
800°,  in  which  for  P=1  atmosphere,  x was 
found  to  be  0'012,  while  for  P=30  atmospheres 
X was  0’34. 

The  shift  of  the  ammonia  equilibrium  with 
temperature  is  shown  very  clearly  by  the 
following  table,  in  which  the  values  of  K, 
based  on  measurements  carried  out  at  a pressure 
of  30  atmospheres,  are  recorded  for  a number 
of  temperatures  : — 

t°G.  561°  620°  700°  722°  801°  901°  952° 

K X 10^  21-3  12-6  6-80  5*82  3-56  2T3  1-68 

From  the  graph  based  on  the  foregning 
values  it  is  possible  to  work  out  for  various  even 
temperatures  and  even  pressures  the  maximum 
quantities  of  ammonia  obtainable  by  the  inter- 
action of  nitrogen  and  hydrogen  under  various 
conditions.  A selection  of  such  figures.  Con- 
stituting a summary  of  the  influence  of  pressure 
and  temperature  on  the  ammonia  equilibrium, 
is  embodied  in  the  following  table  (valid  for 
1 vol.  nitrogen +3  vols.  hydrogen)  : — 


Equilibrium  Percentage  of  Ammonia. 


Temp. 

at 

at 

at 

at 

Cent. 

1 atmo. 

30  atmos. 

100  atmos. 

200  atmos . 

400° 

0-44 

10-7 

25-1 

36-3 

500° 

0T29 

3-62 

10-4 

17-6 

600° 

0-049 

1-43 

4-47 

8-25 

700° 

0-022 

0-66 

2-14 

4-11 

800° 

0-012 

0-35 

1-15 

2-24 

900° 

0-0069 

0-21 

0-68 

1-34 

1000° 

0-0044 

0-13 

0-44 

0-87 

From  the  figures  just  quoted  it  is  clear  that 
the  highest  percentage  conversion  of  nitrogen 
and  hydrogen  into  ammonia  is  secured  by 
working  at  a high  pressure  and  a low  tempera- 
ture. In  large-scale  work,  however,  there  is 
obviously  a limit  to  the  practicable  pressure, 
and  the  pressure  commonly  employed  in  the 
technical  process  has  been  150-200  atmospheres. 
A lower  limit  is  likewise  set  to  the  temperature 
which  can  profitably  be  employed  in  practice 
by  considerations  of  velocity.  By  themselves, 
nitrogen  and  hydrogen  combine  very  slowly  at 
temperatures  below  1000°,  and  it  is  only  in  the 
presence  of  catalysts,  such  as  osmium,  uranium, 
and  iron  that  the  reaction  is  reasonably  rapid 
at  temperatures  where  the  yield  of  ammonia 
is  moderately  satisfactory.  A big  yield  and  a 
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high  velocity  of  reaction  cannot  be  achieved 
siiniiltaneously,  and  a balance  has  to  be  struck  | 
at  the  temperature  which  gives  the  best  economic 
results.  On  the  technical  scale  the  temperature 
emjiloyed  is  generally  500°-600°  C.,  and  the 
mixed  compressed  gases  are  circulated  over  the 
heated  catalyst  in  such  a way  that  the  ammonia 
formed  is  continuously  removed  by  refrigeration 
or  absorption.  It  should  be  pointed  out  that 
in  the  manufacturing  operation  the  rate  of 
passage  of  the  gases  over  the  catalyst  may  be 
too  rapid  to  permit  the  reaching  of  equilibrium 
at  each  stage ; it  may  be  economically  pre- 
ferable to  increase  the  rate  of  circulation  and 
to  be  satisfied  with  a correspondingly  smaller 
conversion  at  each  contact  with  the  catalyst 
{see  Maxted,  J.  Soc.  Chem.  Ind.  1918,  37, 
232). 

Many  other  dissociation  equilibria,  similar 
in  type  to  the  cases  just  discussed,  have  been 
successfully  attacked  from  the  standpoint  of  the 
law  of  mass  action.  One  instance  is  the  equi- 
librium NoOi’^2NO  2,  a case  in  which  a j 
physical  method,  namely,  the  determination  of 
the  vapour  density,  must  be  employed  to  find 
the  relative  proportions  of  the  reacting  sub- 
stances in  the  equilibrium  mixture.  Obviously, 
no  direct  chemical  method  of  analysis  is  per- 
missible in  any  case  where  the  equilibrium  shifts 
rapidly  at  the  ordinary  temperature,  for  such 
analysis  involves  the  removal  of  one  of  the 
substances  involved,  and  this  at  once  upsets  the 
equilibrium. 

Another  technically  important  reaction, 
studied  from  the  standpoint  of  the  mass  action 
law,  is  that  which  forms  the  basis  of  the 
Deacon  process  {see  von  Falckenstein,  Zeitsch. 
physikal.  Chem.  1907,  59,  313  ; 1909,  65,  371). 
When  a mixture  of  hydrogen  chloride  and  air  is 
passed  through  a heated  chamber  containing 
bricks  impregnated  with  cupric  chloride,  the 
hydrogen  chloride  and  oxygen  react,  producing 
chlorine  and  water  vapour,  but  the  reaction 
comes  to  a stop  before  all  the  hydrogen  chloride 
disappears  ; the  reaction,  in  fact,  is  a reversible 
one,  and  may  be  represented  thus  : 

4HCl+02:jt2Cl2  + 2H20 

Experiments  have  shown  that  the  equilibrium 
is  defined  by  an  equilibrium  constant 

^ _ '-'CI2  • '-'H2O 

C^C1-C02 

the  value  of  which,  at  a given  temperature,  is  the 
same,  whether  the  initial  gaseous  mixture  taken 
is  hydrogen  chloride  and  oxygten  (air),  or  chlorine 
and  water  vapour.  The  value  of  K diminishes 
as  the  temperature  rises,  hence  the  extent  to 
which  hydrogen  chloride  can  be  converted  into 
chlorine  also  diminishes  with  rising  temperature. 
If  X represents  the  fraction  of  hydrogen  chloride 
convertible  into  chlorine,  then  the  value  of  x 
can  be  calculated  for  any  given  temperature 
from  the  corresponding  value  of  K and  the 
partial  pressure  of  the  oxygen.  For  a dry 
mixture  of  76*1  p.c,  HCl  and  23'9  p.c.  O2,  the 
value  of  X is  0*865  at  352°,  0*79  at  430°,  and  0*55 
at  650°.  If  air  is  substituted  for  oxygen  so  that 
the  ratio  of  hydrogen  chloride  and  oxygen 
remains  the  same,  the  value  of  x is  0*71  at  430°. 
This  is  approximately  the  temperature  employed 


in  the  technical  process,  and  the  yield  obtained 
is  about  70  p.c.  The  use  of  lower  temperatures, 
which  would  increase  the  yield,  is  precluded 
practically  because  of  the  much  longer  time  re- 
quired for  the  attainment  of  equilibrium. 

The  cases  of  equilibrium  discussed  so  far 
have  been  those  in  which  gases  alone  are  in- 
volved. There  are,  however,  many  homo- 
geneous reversible  reactions  in  which  liquid  or 
dissolved  substances  take  part.  A classical 
example  is  the  reaction  between  ethyl  alcohol 
and  acetic  acid,  represented  thus  : 


CH3*C00H+C2H50HI>CH3-C00C2H5+H20 


If  1 mol.  of  acid  and  1 mol.  of  alcohol  are  heated 
in  a sealed  tube  at  100°  for  a sufficient  time, 
examination  of  the  reaction  mixture  shows  that 
it  contains  | mol.  each  of  acid  and  alcohol,  and 
I mol.  each  of  ester  and  water.  If  then  1 mol. 
of  ester  and  1 mol.  of  water  are  mixed  and 
treated  in  the  same  way,  the  equilibrium 
mixture  finally  obtained  has  the  same  composi- 
tion as  in  the  first  ease.  The  reaction  therefore 
is  truly  reversible  and  the  ecpiilibrium  constant 

“ p— » where 
ic  • ^'al 

Cg,  C^,  C^g,  and  are  the  equilibrium  con- 
centrations of  the  four  substances.  If  v re- 
presents the  volume  of  the  equilibrium  mixture 
in  litres,  then  for  the  case  where  1 mol.  each  of 
acid  and  alcohol  are  taken  initially  Cg=C^ 
2 1 

= ^ and  whence  K=4.  It  should 

be  pointed  out  that  the  composition  of  the 
equilibrium  mixture  may  safely  be  determined 
by  titrating  the  free  acetic  acid,  for  the  velocity 
of  the  reaction  between  ethyl  alcohol  and  acetic 
acid  is  negligibly  small  at  ordinary  tempera- 
tures. 

If  the  law  of  mass  action  is  strictly  applicable 
to  the  reaction  under  consideration,  then  the 
value  of  K obtained  in  experiments  in  which 
alcohol  and  acid  are  taken  in  other  than  mole- 
cular proportions  should  also  be  4.  Suj^pose, 
for  instance,  that  m mols.  of  alcohol  are  allowed 
to  act  on  1 mol.  of  acid,  and  that  after  equi- 
librium has  been  reached,  the  fraction  a;  of  a 
mol.  of  ester  has  been  produced ; then  Cg= 


C 


is  given  by  the  equation  K=^ 

Or 


X 


and  C 


al 


m—x 

V 


so  that  K 


^ pi  

X ^ 

— Pi r; c.  Instead  of  seeing  whether  the 

{i—x){m—x)  ^ 

insertion  of  the  known  values  of  m and  x in  this 

formula  gives  the  value  4 for  K,  the  applicability 

of  the  mass  action  law  may  be  tested  by  taking 

K=4  and  ascertaining  whether  the  value  of 

X calculated  by  the  formula  for  a given  value  of 

m is  in  agreement  with  the  value  of  x determined 

experimentally.  This  procedure  has  been 

adopted  in  the  actual  investigation  of  the  case, 

with  the  following  results  : — 


m 

X found 

X calc. 

0*08 

0-078 

0*078 

0 28 

0*226 

0*232 

0-50 

0-414 

0-423 

0*67 

0*519 

0*528 

1*5 

0-819 

0*785 

2-24 

0*876 

0*864 

8*0 

0*966 

0*945 
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The  excellent  agreement  of  the  figures  in  the 
second  and  third  columns  furnishes  a convincing 
proof  of  the  applicability  of  the  law  of  mass 
action.  The. influence  of  ‘mass’  or  concentra- 
tion in  affecting  equilibrium  is  very  clearly 
illustrated  by  the  numbers  quoted  in  the  table, 
for  it  will  be  observed  that  when  the  amount  of 
alcohol  is  great  compared  with  the  amount  of 
acid,  the  latter  is  almost  quantitatively  con- 
verted into  ester,  in  other  words,  the  ‘ yield  ’ of 
ester  from  acid  is  nearly  theoretical. 

According  to  a widely  accepted  view,  an 
electrolyte  dissolved  in  water  is  dissociated  into 
positively  and  negatively  charged  particles, 
called  ions,  and  investigation  of  the  conduc- 
tivity of  electrolytic  solutions  and  of  the  ab- 
normal effect  of  electrolytes  on  the  freezing-point 
and  boiling-point  of  water  supports  the  con- 
tention that  the  degree  of  this  ionic  dissociation 
increases  with  the  dilution  of  the  solution,  and 
diminishes  when  the  solution  becomes  more 
concentrated.  The  equilibrium,  therefore,  be- 
tween the  undissociated  molecule  of  an  electro- 
lyte and  the  ions  may  be  regarded  as  reversible 

— + 

and  can  be  represented  thus  : AB^A-f-B.  If 

this  view  is  correct,  then,  as  Ostwald  pointed  out, 
the  equilibrium  should  be  governed  by  the  law  of 
mass  action,  and  the  relationship  between  the 

— + 

concentrations  of  AB,  A,  and  B at  a given 
temperature  must  be  defined  by  an  equilibrium 
constant.  Suppose,  for  instance,  that  acetic 
acid  is  the  electrolyte  in  question,  then  the 
equilibrium  is  represented  by 

CHg-COOH  CHyCOO+H 

C .0. 

and  the  equilibrium  formula  will  be  K=  -- 

where  C,  Cj,  and  Cg  are  the  concentrations  of 
the  undissociated  molecules  and  of  the  two  ions 
respectively.  Since,  however,  the  ions  are  pro- 
duced in  equivalent  quantities,  and 

Q 2 

K=  If  we  are  Healing  with  a solution  con- 
taining 1 gram-mol,  of  acetic  acid  in  V litres  of 
solution,  and  if  we  take  a to  indicate  the  frac- 
tional extent  to  which  the  molecules  are  dis- 
sociated, then  in  V litres  there  is  1 — a gram-mol. 
of  undissociated  acetic  acid,  and  accordingly 

C = — Similarly,  C ^ so  that  K = * 

For  all  binary  electrolytes  which,  like  acetic  acid, 
dissociate  into  two  ions,  exactly  the  same  formula 
would  be  obtained.  The  equation  is  the  alge- 
braic expression  of  what  is  known  as  Ostwald’s 
Dilution  Law,  and  K is  usually  termed  a dis- 
sociation constant  or  an  ionisation  constant  : it  is 
also  called  an  affiniti)  constant 

The  determination  of  a is  based  on  the 

relationship  a — , where  A is  the  equivalent 

•^oc 

conductivity  of  the  electrolyte  at  the  dilution  V, 
and  is  the  limiting  maximum  value  of  the 
equivalent  conductivity.  The  application  of 
the  law  of  mass  action  to  the  equilibrium 
between  acetic  acid  and  its  ions  and  to  other 
similar  cases  is  justified  by  the  fact  that  the 

value  of  ^ ^-y  is  indejtendent  of  the  dilution 

at  a given  temperature.  In  support  of  this 


statement,  the  following  figures  for  acetic  acid 
may  be  quoted  ; — 


V 

K X 10'* 

16 

1-79 

32 

1-82 

64 

1*79 

128 

1-79 

256 

1-80 

512 

1-80 

An  equally  satisfactory  constancy  of  the 


a" 


expression  p. ^ has  been  observed  in  the  case 

(1 — a)V 

of  all  acids  and  bases  which  are  dissociated  to  a 
comparatively  small  extent,  and  for  these  the 
validity  of  Ostwald’s  Dilution  Law  may  be  re- 
garded as  established.  For  some  reason,  how- 
ever, which  has  not  yet  been  adequately  ex- 
plained, highly  dissociated  electrolytes,  such  as 
strong  acids  and  bases  and  neutral  salts,  do  not 
obey  Ostwald’s  Dilution  Law,  although  in  the 
case  of  potassium  chloride  Weiland  (J.  Amer. 
Ohem.  Soc.  1918,  40,  131)  seems  to  have 
established  the  validity  of  the  law  for  this 
compound  at  extreme  dilutions. 

Keeping  in  view  this  limitation  to  the 

ct^ 

validity  of  the  formula  K—-p we  mav 

(1 — a)V 

ask  : What  is  the  significance  of  the  constant  K ? 
The  answer  will  be  plain  if  two  feebly  dis- 
sociated acids,  HA^  and  HAg,  are  compared  at 
the  same  dilution  V.  Since  the  acids  are  feebly 
dissociated,  it  is  a very  close  approximation  to 
the  truth  to  put  1— a^^l  and  l—a.2=l,  so  that 


y and  K2=^.  a comparison  of  the 


Ki= 

equations  shows  that  the  relative  value  of 
the  dissociation  constants  is  closely  related  to  the 
degree  of  dissociation  ; to  put  it  generally,  the 
dissociation  constant  is  a measure  of  the  ability 
of  an  acid  to  yield  hydrogen  ions,  which,  accord- 
ing to  the  modern  view,  are  responsible  for  the 
characteristic  properties  of  acids.  The  value 
of  K for  an  acid  is,  therefore,  a measure  of  its 
strength,  of  its  power  to  manifest  those  pro- 
perties which  are  associated  with  acids.  One 
set  of  circumstances  in  which  the  relative 
strength  of  two  acids  is  an  important  factor  is 
realised  when  one  gram  equivalent  of  a base, 
such  as  sodium  hydroxide,  is  added  to  a solution 
containing  one  gram  equivalent  of  each  of  the 
two  acids.  The  base  is  insufficient  to  neutralise 
both  acids,  and  the  result  is  a competition 
between  the  two  acids,  each  securing  a fraction 
of  the  base.  A theoretical  discussion  of  this 
problem  shows  that  if  x is  the  fraction  of  the 
base  appropriated  by  the  first  acid  HAj,  and 
1— a:  accordingly  the  fraction  appropriated  by 
the  other  acid  HAg,  then,  provided  the  dilu- 


tion is  not  too  great. 


X 


X 


Ki 

V Ko' 


If, 


therefore,  the  values  of  Kj  and  Kg  have  been 
determined  in  the  way  already  described,  it  is 
possible  to  calculate  the  distribution  of  the 
available  base  between  the  two  competing  acids. 
That  this  can  be  done  in  good  agreement  with 
experiment  is  shown  by  the  following  figures  : — 


HAi 

HAg 

X calc. 

X found 

Dichloracetic  acid 

Lactic  acid 

0-95 

0-91 

Formic  acid 

Acetic  acid 

0-75 

0*76 

Acetic  acid 

Butyric  acid 

0-54 

0*63 
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It  is  evident,  then,  that  a knowledge  of  the 
dissociation  constant  of  an  acid  enables  us  to 
calculate  relatively  the  affinity  or  avidity  of  this 
acid  for  a base.  There  are  other  methods  for 
ascertaining  the  relative  affinity  or  avidity  of  an 
acid,  methods  available  in  the  case  of  strong 
acids  which  do  not  obey  the  dilution  law,  and  to 
which,  therefore,  no  definite  value  of  K can  be 
assigned.  Among  these  methods  are  the  deter- 
mination of  the  heat  effects  accompanying 
neutralisation  (Thomsen),  the  measurement  of 
the  density  changes  (Ostwald),  and  the  study  of 
the  influence  of  acids  in  accelerating  the  in- 
version of  sucrose  or  the  hydrolysis  of  methyl 
acetate.  The  order  of  magnitude  of  the  values 
obtained  by  these  and  other  methods  for  the 
relative  affinity  of  acids  is  the  same,  as  will  be 
seen  by  an  inspection  of  the  following  table  : — ■ 


Helative  affinity 
deduced  from 


Acid 

KXlOO 

Sucrose 

inversion 

Density 

changes 

HCl 

— 

100 

100 

HNOg 

— 

100 

100 

CClg-COOH 

30  (approx.)  75 

80 

CHCla-COOH 

5T4 

27 

33 

CHaCl-COOH 

0T55 

4-8 

7 

H-COOH 

0-021 

1-5 

3 

CHg'COOH 

0-0018 

0-4 

1 

The  manner  in  which  a dissociation  equi- 
librium is  affected  by  excess  of  one  of  the  pro- 
ducts of  dissociation  has  already  been  referred 
to  in  connection  with  the  sulphuric  acid  contact 
process.  It  was  there  shown  that  as  the  equi- 
librium concentration  of  the  oxygen  is  increased, 
so  the  extent  to  which  the  sulphur  dioxide  is 
converted  into  trioxide  is  increased  also.  In 
other  words,  the  dissociation  of  sulphur  trioxide 
into  sulphur  dioxide  and  oxygen  is  diminished 
in  presence  of  excess  of  oxygen,  one  of  the 
products  of  dissociation.  An  analogous  state- 
ment may  be  made  in  connection  with  the 
electrolytic  dissociation  of  an  electrolyte,  such 
as  acetic  acid.  If  to  a solution  of  this  acid  a 
quantity  of  CSg'COO  ions  is  added,  the  dis- 
sociation of  the  acid  is  diminished  to  a large 
extent,  i.e.  the  concentration  of  the  hydrogen 
ions  is  very  much  reduced,  and  the  acid  character 
of  the  solutipn  almost  disappears.  It  is  true 
that  CHg'COO  ions  cannot  be  added  by  them- 
selves, but  a solution  of  the  sodium  salt  of  acetic 
acid  serves  the  purpose,  for  such  a salt,  to  judge 
from  its  conductivity,  is  highly  dissociated  into 

CHg'COO  ions  and  sodium  ions.  That  the 
effective  acidity  of  an  acetic  acid  solution  almost 
disappears  on  the  addition  of  a little  sodium 
acetate  solution  is ' very  clearly  seen  by  com- 
paring the  effects  of  (1)  the  acetic  acid  solution, 
(2)  the  acetic  acid  solution + sodium  acetate,  on 
the  inversion  of  sucrose.  It  has  been  found  that 
the  velocity  of  inversion  in  presence  of 

^CHo-COOH+^CHg-COONa 

1 1 ...  N 

m about  — what  it  is  in  the  presence  of  — 

CH3COOH  alone.  Not  only  is  this  influence  of 
a neutral  salt  on  the  effective  acidity  of  a weak 
acid  to  be  expected  on  the  basis  of  the  mass 
action  law,  but  it  has  also  been  found  possible, 
with  the  help  of  the  equilibrium  formula,  to 


calculate  accurately  the  effect  produced  by 
adding  any  given  quantity  of  the  neutral  salt. 

The  cases  of  equilibrium  so  far  discussed 
have  been  those  which  occur  in  homogeneous 
systems,  but  there  are  numerous  cases  also  of 
non-homogeneous  or  heterogeneous  equilibrium. 
The  bearing  of  the  law  of  mass  action  on  re- 
versible reactions  of  this  character  will  be  most 
readily  appreciated  by  considering  one  or  two 
examples.  The  dissociation  of  calcium  car- 
bonate may  be  taken  in  the  first  place.  If  this 
substance  is  heated  to  750°  in  a closed  space,  it 
breaks  up  to  some  extent  into  calcium  oxide  and 
carbon  dioxide  : if,  on.  the  other  hand,  carbon 
dioxide  at  atmospheric  pressure  is  passed  over 
calcium  oxide,  heated  to  the  afore-mentioned 
temperature,  the  reverse  action  takes  place  and 
calcium  carbonate  is  formed.  That  is  to  say, 
an  equilibrium  is  established  which  may  be 
represented  thus:  CaCOg  CaO  + CO.).  In 

applying  the  law  of  mass  action  to  this  case,  we 
are  confronted  with  the  question  : What  is  the 
concentration  or  ‘ active  mass  ’ of  a solid  taldng 
part  in  a reaction  ? An  answer  to  this  question 
may  be  reached  by  supposing  that  in  the  gaseous 
phase  of  the  reaction  system  there  is  equilibrium 
between  the  calcium  carbonate,  the  calcium 
oxide,  and  the  carbon  dioxide ; that  is,  each  of 
the  solid  substances  concerned  in  the  reaction 
is  supposed  to  have  a definite,  if  infinitely  small, 
sublimation  pressure  at  a given  temperature, 
and  therefore  to  be  represented  in  the  gaseous 
phase.  On  this  basis,  the  equilibrium  at  a 
given  temperature  would  be  governed  by  the 
C C 

formula  where  C^,  C2,  and  C are  the 

equilibrium  concentrations  of  calcium  carbonate, 
calcium  oxide,  and  carbon  dioxide  in  the 
gaseous  phase,  respectively.  If  partial  pres- 
sures are  employed  instead  of  concentrations, 

77*  77* 

the  formula  would  be  K=  — . Now  and 

'^1 

being  sublimation  pressures,  have  fixed  values 
at  a given  temperature,  and  are  independent 
of  the  absolute  amounts  of  calcium  carbonate 
and  calcium  oxide  present.  Hence  77= const., 
and  since  and  TTg  are  negligibly  small,  tt, 
the  partial  pressure  of  the  carbon  dioxide, 
is  practically  equal  to  p,  the  total  pressure 
exerted  by  the  system ; so  that  we  may  write 
p= const.  The  application,  therefore,  of  the 
law  of  mass  action  to  the  dissociation  of  calcium 
carbonate  leads  to  the  result  that  at  each 
temperature  the  reaction  system  exerts  a 
definite  pressure — the  dissociation  pressure,  as 
it  is  termed.  This  statement  is  valid  only  on 
the  understanding  that  the  substances  involved 
in  the  reaction  are  kept  in  contact  with  each 
other ; if  provision  is  made  for  keeping  the 
pressure  of  the  carbon  dioxide  permanently 
below  or  above  the  equilibrium  value,  then  a 
reaction  proceeds  until  the  calcium  carbonate 
(in  the  first  case)  or  the  calcium  oxide  (in  the 
second  case)  ha,s  disappeared.  By  artificial 
alteration  of  the  pressure  at  constant  tempera- 
ture, therefore,  any  reaction  of  the  same  type  as 
CaCOg^CaO  + COa  may  be  made  to  proceed 
either  from  left  to  right,  or  vice  versa.  The 
reaction  2Ba02^^2lla0-l-02  is  also  a case 
where  two  solids  and  a gas  are  in  equilibrium 
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with  each  other,  and  it  may  be  treated  in  the 
same  way  as  the  dissociation  of  calcium  car- 
bonate. 

Perhaps  the  chief  point  that  emerges  from 
the  foregoing  is  that  the  active  mass  of  a solid 
taking  part  in  a chemical  reaction  is  constant. 
The  correctness  of  this  conclusion  has  been  con- 
firmed by  the  investigation  of  various  hetero- 
geneous reactions  different  in  type  from  the  dis- 
sociation of  calcium  carbonate.  One  of  these 
may  be  considered  here,  viz.  the  equilibrium 
represented  by  SFe+IHgO  ^ Fe304+4H2 
{■see  Deville,  Compt.  rend.  1870^  70,  1105,  1201  ; 
7l,  30  ; Preuner,  Zeitsch.  physikal.  Chem.  1904, 
47,  385).  On  the  assumption  that  the  active 
masses  of  the  iron  and  the  iron  oxide  are  con- 
stant, the  application  of  the  law  of  mass  action 


obviously  leads  to  the  result 


Pho 


const., 


^jj^Q  and  being  the  partial  pressures  of  the 
water  vapour  and  the  hydrogen  when  equilibrium 
has  been  established  at  a definite  temperature. 
This  relationship  is  verified  by  the  experi- 
mental results,  some  of  which  are  quoted  in  the 
following  table.  The  experiments  consisted  in 
exposing  iron  in  an  electrically  heated  closed 
system  to  the  action  of  water  vapour  kept  up  to 
a constant  pressure  (Ph2o)'  From  the  total 
pressure  reached  at  equilibrium — ^ — 

the  partial  pressure  of  the  hydrogen  could  easily 
be  deduced.  It  was  further  found  that,  starting 
with  excess  of  hydrogen  and  iron  oxide,  the 
equilibrium  could  be  reached  in  the  other 
direction.  The  results  recorded  in  the  table 
were  obtained  at  a temperature  of  900°  ; the 
pressures  are  given  in  millimetres  of  mercury  : — 


p 

H20 

^HgO 

8-8 

13-5 

0-65 

12-7 

18-0 

0-71 

21-5 

30-6 

0-70 

35-0 

52-0 

0-67 

49-3 

71-8 

0-68 

When  the  difficult  nature  of  the  experiments 
is  taken  into  account,  the  numbers  in  the  last 
column  may  be  regarded  as  satisfactorily  con- 
stant and  as  demonstrating  the  applicability  of 
the  mass  action  law  to  this  case.  Although  in 
a closed  system  an  equilibrium  is  reached  in  the 
way  described,  yet  if  provision  is  made  for  re- 
moving the  hydrogen  as  fast  as  it  is  formed,  and 
thereby  keeping  its  partial  pressure  permanently 
below  the  equilibrium  value,  the  reaction  will 
proceed  until  the  iron  is  all  converted  into  oxide. 

There  are  many  reversible  reactions  in- 
volving a solid  substance  and  a liquid,  or  a solid 
and  a dissolved  substance.  Here  also  the  active 
mass  of  the  solid  is  constant  at  a given  tempera- 
ture, solubility  and  sublimation  pressure  being 
analogous  quantities.  The  equilibrium  formula 
undergoes,  therefore,  a similar  simplification  to 
that  illustrated  in  the  foregoing  paragraphs. 

Inflitence  of  Temperature. — In  general,  a re- 
action system  which  is  in  equilibrium  at  a given 
temperature  is  no  longer  in  equilibrium  when 
the  temperature  is  altered.  A measure  of  this 
influence  of  tenqjerature  on  chemical  equi- 
librium is  found  in  the  change  of  the  equilibrium 


constant,  and  an  illustration  of  the  extent  to 
which  K may  change  with  temperature  has 
already  been  given  in  connection  with  the 
oxidation  of  sulphur  dioxide  to  trioxide.  The 
exact  relationship  between  temperature  and 
equilibrium  is  defined  by  a formula  associated 
with  the  name  of  van’t  Hoff,  according  to  which 
d(log.K)  q 

— symbol  K is  the  equi- 
librium constant,  that  is,  the  ratio  between  the 
product  of  the  equilibrium  concentrations  of  the 
substances  on  the  right  side  of  the  equation  and 
the  product  of  the  equilibrium  concentrations  of 
those  on  the  left  side  ; q is  the  heat  evolved 
when  the  reaction  goes  completely  from  left  to 
right,  T is  absolute  temperature,  and  R is  the  gas 
constant.  The  theoretical  basis  of  van’t  Hoff’s 
formula  need  not  be  discussed  here,  but  one  or 
two  points  involved  in  it  may  be  indicated.  It 
is  evident,  in  the  first  place,  that  when  the  heat 
effect  of  a reversible  reaction  is  small,  the 
variation  in  K is  also  small,  i.e.  the  position  of 
equilibrium  is  but  slightly  shifted  on  altering 
the  temperature.  An  instance  of  this  is  furnished 
by  the  reversible  reaction  between  ethyl  alcohol 

d(log  K) 

and  acetic  acid.  Again,  if  q is  positive,  — 

is  negative,  so  that  K diminishes  with  rising 
temperature,  corresponding  to  a shifting  of  the 
equilibrium  in  favour  of  the  substances  on  the 
left  side  of  the  equation.  If,  on  the  other  hand, 
(dloggK) 

q is  negative,  — — is  positive,  and  a rise  of 

temperature,  therefore,  involves  a displacement 
of  the  equilibrium  in  favour  of  the  substances  on 
the  right  side  of  the  equation.  It  will  be  ob- 
served that  in  both  cases,  whether  q is  positive 
or  negative,  a rise  of  temperature  involves  a 
shifting  of  the  equilibrium  in  the  direction  which 
means  absorption  of  heat. 

As  an  illustration  of  the  applicability  of 
van’t  Hoff’s  formula  in  an  individual  case,  the 
reaction  2803^^2802+02  may  be  taken. 
From  the  values  of  the  equilibrium  constant 
obtained  for  this  reaction  at  different  temjjera- 
tures  {see  p.  161),  the  values  of  q over  narrow 
intervals  of  temperature  were  calculated  by  the 
formula.  It  was  found  that  is  a linear  function 
of  the  temperature,  and  may,  in  fact,  be  repre- 
sented by  the  equation  — 47300+4T.  If 

this  expression  for  q is  inserted  in  the  formula 

— -^j-,  and  the  equation  is  integrated, 

the  following  formula  is  obtained  ; — 

10373 


logioK= 


T 


2-222  logioT+ 14-585 


The  relation  between  K and  T expressed  in  this 
formula  is  almost  exactly  that  observed  in  the 
experimental  investigation  ; this  appears  from 
the  following  figures  : — 


C. 

log  K found 

log  K calc, 

528 

-4-809 

-4-817 

579 

-4-126 

-4-099 

627 

-3-500 

-3-502 

680 

-2-914 

-2-893 

727 

-2-451 

- 2-453 

789 

-1-900 

- 1 -922 

832 

- 1 -553 

-1-573 

897 

-1-089 

-1083 
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Catalysis.  No  discussion  of  reaction  velocity 
or  chemical  equilibrium  would  be  complete 
without  a referenee  to  the  phenomenon  of 
catalysis.  It  very  frequently  happens  that  a 
chemical  reaction,  which  of  itself  is  extremely 
sluggish,  proceeds  with  comparative  rapidity  in 
presence  of  some  foreign  substance — a catalyst, 
as  it  is  called.  Cases  of  such  an  acceleration  of 
a chemical  reaction  have  long  been  known,  and 
in  both  laboratory  and  technical  processes 
catalysts  are  in  common  use. 

A rational  quantitative  study  of  eatalysis  is 
possible  only  on  the  basis  of  the  law  of  mass 
action.  In  the  velocity  coefficient,  as  already 
explained,  we  have  a definite  measure  of  the  rate 
of  a chemical  change  under  'given  conditions. 
For  a given  reaction,  therefore,  which  is  catalyti- 
cally  accelerated,  the  value  of  the  velocity 
coefficient  at  a given  temperature  is  a measure 
of  the  efficiency  of  the  catalyst,  and  by  com- 
paring the  values  obtained  for  the  velocity  co- 
efficient in  different  experiments,  one  can  find 
out  how  the  efficiency  of  a catalyst  varies  with 
the  conditions  under  which  it  works,  and  how 
the  efficiency  of  one  catalyst  compares  with  that 
of  another  workinghmder  the  same  conditions. 

General  Characteristics  of  Catalysts. — One  very 
common  and  striking  feature  of  catalysis  is  that 
the  quantity  of  the  catalyst  is  so  small  compared 
with  the  quantities  of  the  main  reacting  sub- 
stances. As  a rule,  too,  the  aetivity  of  the 
catalyst  at  the  end  of  the  reaction  which  it  has 
accelerated  is  unimpaired.  An  illustration  of 
these  features  of  catalysis  is  furnished  by  the 
influence  of  colloidal  platinum  in  promoting  the 
union  of  hydrogen  and  oxygen  at  the  ordinary 
temperature.  In  some  experiments  made  by 
Bredig,  2 ’5  c.c.  of  colloidal  platinum  solution 
(containing  0T7  milligram  of  platinum)  were 
shaken  with  electrolytic  gas,  with  the  following 
results 


Time  in 

Decrease  in  the 

Decrease  per 

minutes 

volume  of  gas 

minute 

10 

17*8  c.c. 

1*78 

20 

35*8  „ 

1*80 

30 

54*8  „ 

1*90 

40 

72-4  „ 

1*76 

50 

90*2  „ 

1*78 

The  average  of  the  figures  in  the  last  column 
is  a measure  of  the  catalytic  efficiency  of  the 
colloidal  platinum  in  the  early  stages  of  its 
activity.  The  same  colloidal  platinum  was 
then  shaken  intermittently  during  14  days 
with  the  mixture  of  hydrogen  and  oxygen, 
about  10  litres  of  which  disappeared  in  this 
time.  Not  only  is  the  contrast  between  the 
minute  quantity  of  the  catalyst  and  the  extent 
of  the  induced  change  sufficiently  striking,  but 
a determination  of  the  actual  rate  of  disappear- 
ance of  the  gas  at  the  end  of  the  14  days  showed 
that  the  rate  of  decrease,  measured  over  succes- 
sive 10-minute  intervals,  was  2'02,  1’87,  1’95, 
1'97,  and  2'01  c.c.  per  minute.  From  these 
figures  it  is  obvious  that  the  catalytic  efficiency 
of  the  colloidal  platinum  is  unimpaired.  In 
connection  with  this  case,  however,  the  objec- 
tion might  be  raised  that  hydrogen  and  oxygen 
do  not  combine  at  the  ordinary  temperature, 
and  that  the  platinum  ought  to  be  regarded,  not 
as  accelerating  a change  which  would  take  place 
in  its  absence,  but  as  actually  initiating  the  re- 


action. The  answer  is  that  at  500°  hydrogen 
and  oxygen  combine  with  appreciable  rapidity 
in  the  absence  of  a catalyst^  but  that,  in  view  of 
the  large  temperature  coefficient  of  reaction 
velocity,  the  rate  of  union  naturally  becomes 
insignificant  even  at  400°,  whilst  at  ordinary 
temperatures  the  two  gases  appear  not  to  react 
at  all.  There  is,  however,  no  reason  to  suppose 
that  there  is  a definite  temperature  below  which 
absolutely  no  combination  takes  place. 

The  mere  fact  that  the  amount  of  a catalyst 
may  be  almost  infinitely  small  compared  with 
the  amounts  of  the  substances  changed  under 
its  influence,  shows  that  the  final  state  of  the 
reactive  system  must  be  independent  of  the 
catalyst ; in  particular,  if  the  accelerated  re- 
action is  reversible,  the  state  of  equilibrium 
finally  attained  must  be  the  same  as  when  no 
catalyst  is  present.  The  catalyst,  that  is, 
influences  only  the  rate  at  which  the  condition  of 
equilibrium  is  reached,  not  the  position  of  equili- 
brium itself.  Experimental  evidence  in  favour 
of  this  proposition  is  supplied  by  Turbaba’s 
investigation  of  the  relationship)  between  alde- 
hyde and  paraldehyde.  The  conversion  of 
paraldehyde  into  the  equilibrium  mixture, 
which  at  50 ’5°  contains  33*9  p.c.  aldehyde,  is 
accompadiied  by  an  expansion,  and  the  course 
of  the  change  may  therefore  be  followed  by 
means  of  a dilatometer.  Various  substances 
accelerate  the  ehange,  but  the  difference  between 
the  initial  and  final  volumes,  as  shown  by  the 
following  figures,  is  independent  of  the  nature 
and  the  amount  of  the  catalyst  : — 


Catalyst 

Sulphur  dioxide 

Zinc  sulphate 
Hydrochloric  acid 
Oxalic  acid 
Phosp)horic  acid 


Per  cent,  of 

Percentage  increase 

catalyst 

of  volume 

0*08 

8*20 

007 

8*34 

0*002 

8*19 

2*7 

8*13 

0*13 

8*13 

0*52 

8*27 

0*54 

8*10 

If  the  j)osition  of  equilibrium  in  a reversible 
reaction  is  independent  of  the  catalyst,  then  K, 
the  equilibrium  constant,  must  be  similarly 

k 

inde])endent.  Further,  since  K — p,  where 

and  k,,  are  the  velocity  coefficients  of  the 
forward  and  back  reactions,  it  follows  that  the 
catalyst  must  accelerate  the  forward  and  the 
back  reaction  in  the  same  proportion.  This  has 
been  demonstrated  in  connection  with  the 
catalytic  effect  of  acids  on  the  action  between 
an  acid  and  an  alcohol  and  the  reverse  change. 


It  should  further  be  pointed  out  that  the 
amount  of  energy  transformed  during  a chemical 
change,  being  dependent  only  on  the  initial  and 
final  states  of  the  system,  is  independent  of  the 
catalyst.  The  latter  may  be  compared  to  the 
oil  which  facilitates  the  sliding  of  a weight  down 
an  inclined  plane,  without  affecting  the  total 
energy  derivable  from  the  fall  of  the  weight. 

Another  point  of  great  interest  is  the  relation- 
ship between  the  value  of  the  velocity  co- 
efficient for  a given  reaction  at  a given  tempera- 
ture and  the  concentration  of  the  catalyst. 
In  many  cases  the  relationship  is  a linear  one. 
The  rate  of  inversion  of  sucrose  by  acids,  for 
instance,  is  proj)ortional  to  the  concentration  of 
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the  hydrogen  ions,  provided  that  this  concen- 
tration is  low ; on  the  basis  of  this  proportion- 
ality, in  fact,  it  is  possible  to  calculate  the 
velocity  of  inversion  by  dilute  acetic  acid  from 
the  velocity  observed  with  dilute  hydrochloric 
acid.  In  other  cases,  however,  the  relationship 
between  reaction  velocity  and  concentration  of 
catalyst  is  not  a linear  one.  The  decomposition 
of  hydrogen  peroxide  under  the  influence  of 
colloidal  platinum  is  an  illustration  of  this. 
The  course  of  the  decomposition  can  be  followed 
by  extracting  a definite  volume  of  the  reaction 
mixture  from  time  to  time  and  titrating  with 
2)otassium  permanganate.  The  course  of  the 
change  is  in  harmony  with  the  formula  for  a 
uniniolecular  reaction,  and  for  such  concentra- 
tion of  platinum  a definite  value  of  k,  the 
velocity  coefficient,  can  be  obtained.  The 
following  table  contains  the  values  of  k corre- 
sponding to  various  concentrations  of  platinum  : — 


. Platinum  concentration  Ic 

21-0  X 10-*^  0*072 

10*5x10-0  0*024 

5*2x10-0  0*0084 

2*6x10-0  0*0027 


From  these  figures  it  appears  that  when  the 
concentration  of  the  catalyst  is  doubted,  the 
velocity  of  decomposition  is  trebled. 

Catalysis  and  the  law  of  mass  action. — The 
general  characteristics  of  catalysts  have  been 
cliscussed  in  the  foregoing  paragraphs,  but  it 
must  be  admitted  that  the  phenomena  associated 
with  catalysis  are  frequently  more  complex  than 
has  been  suggested.  It  appears  that  the  catalyst 
often  works  in  such  a way  as  to  mask  the  opera- 
tion of  the  law  of  mass  action  altogether. 
Although  a detailed  discussion  of  these  peculi- 
arities of  catalytically  accelerated  reactions  is 
not  possible  here,  a brief  consideration  of  some 
typical  cases  will  be  found  useful. 

An  investigation  has  been  made  of  the  rate 
at  which  sulphur  dioxide  and  oxygen  unite  in 
presence  of  platinum  {see  Bodenstein,  Zeitsch. 
physikal  Chem.  1907,  60,  1),  and  the  resvdts 
show  that  the  velocity  of  union  is  independent 
of  the  oxygen  concentration  (except  when  it  is 
extremely  small),  proportional  to  the  concen- 
tration of  sulphur  dioxide,  and  inversely  pro- 
portional to  the  square  root  of  the  trioxide  con- 
centration. This  behaviour  is  obviously  quite 
difi’erent  from  what  would  be  expected  under 
the  law  of  mass  action.  The  explanation 
adopted  by  Bodenstein  is  that  the  factor  which 
really  determines  the  velocity  of  reaction  is  the 
rate  of  passage  of  the  sulphur  dioxide  through  a 
layer  of  sulphur  trioxide,  absorbed  at  the  surface 
of  the  platinum.  From  this  point  of  view,  what 
is  measured  is  a diffusion  velocitv,  not  a reaction 
velocity,  for  it  is  supposed  that  the  sulphur 
dioxide  and  the  oxygen,  when  they  have  reached 
the  platinum,  react  with  great  rapidity.  Boden- 
stein has  further  shown  that  the  rate  of  union  of 
the  two  gases  under  the  influence  of  other 
catalysts  is  governed  by  the  same  factors.  Not 
only  so,  but  it  has  been  found  that  the  rate  of 
change  in  many  other  heterogeneous  catalytic 
reactions  is,  in  all  probability,  determined  by 
the  pliysical  process  of  diffusion.  This  is  the 
ease  with  the  union  of  hydrogen  and  oxygen  in 
contact  with  heated  porous  porcelain  {see  Bone 
and  Wheeler,  Phil.  Trans.  1906,  206,  1) ; in  this 


instance,  the  rate  of  union  of  the  gases  apjjears 
to  be  determined  to  a large  extent  by  the  rate 
of  occlusion  of  hydrogen. 

Additional  supjjort  of  the  view  that  the 
velocity  of  a heterogeneous  catalytic  reaction 
may  be  determined  mainly  by  a diffusion  process, 
is  furnished  by  the  relatively  low  value  of  the 
temperature  coefficient  in  these  cases.  As 
already  indicated,  the  velocity  of  a homogeneous 
chemical  reaction  is  doubled  or  trebled  for  every 

k 

rise  of  10°,  but  the  value  of  ^ hetero- 

geneous  reaction  is  frequently  not  much  greater 
than  the  value  (about  1*3)  we  should  expect  if 
the  rate  of  reaction  were  determined  by  a 
diffusion  velocity  alone. 

Among  the  most  important  catalytic  re- 
actions are  those  which  take  place  under  the 
influence  of  enzymes.  These  catalysts  are  able 
to  promote  changes  in  organic  matter  which,  in 
their  absence,  can  be  effected  only  with  great 
difficulty.  There  is  a close  analogy  between 
enzymes  and  ordinary  inorganic  catalysts,  but 
it  is  frequently  found  that,  owing  to  the  opera- 
tion of  various  factors,  the  course  of  a reaction 
which  takes  place  under  the  influence  of  an 
enzyme,  deviates  considerably  from  what  we 
should  expect  on  the  basis  of  the  law  of  mass 
action.  In  the  inversion  of  sucrose  by  invertase, 
for  example,  the  velocity  coefficient,  calculated 
by  the  formula  for  a unimolecular  reaction, 
increases  with  the  time  (Brown,  Chem.  Soc. 
Trans.  1902,  373).  This  is  shown  by  the 
following  table,  which  refers  to  the  inversion  of 
a 9*48  ji.c.  sucrose  solution  at  30°  ; the  symbol 
X stands  for  the  fraction  of  the  total  sucrose 
inverted  by  time  t : — 


t min. 

X 

1 log 
t 1-x 

30 

0*265 

0*00445 

64 

0*509 

0*00483 

120 

0*794 

0*00571 

180 

0*945 

0*00698 

240 

0*983 

0*00737 

The  departure  from  the  law  of  mass  action 
becomes  still  clearer  when  experiments  are 
made  in  which  a constant  amount  of  invertase 
is  allowed  to  act  for  a given  time  on  varying 
amounts  of  sucrose  in  a constant  volume  of 
solution.  Such  experiments  show  that  the 
enzyme,  instead  of  inverting  a constant  fraction, 
as  required  by  the  law  of  mass  action,  has  in- 
verted a constant  weight  of  sucrose  in  the  given 
time  ; only  when  the  quantity  of  sucrose  is  very 
smadl  is  the  law  of  mass  action  obeyed. 
In  the  hydrolysis  of  starch  by  diastase,  and  of 
milk  sugar  by  lactase,  it  is  similarly  found  that 
the  amount  of  change  induced  by  the  enzyme  is, 
for  the  initial  portion  of  the  change,  a linear 
function  of  the  time  {see  Brown  and  Glen- 
dinning,  Chem.  Soc.  Trans.  1902,  81,  388  ; E.  F. 
Armstrong,  Proc.  Roy.  Soc.  1904,  73,  500) ; the 
later  portion  of  the  change,  when  the  amount  of 
catalyst  is  larger  relatively  to  the  amount  of 
carbohydrate,  conforms  to  the  law  of  mass  action. 

Another  peculiarity  about  enzyme  action, 
which  is  frequently  observed,  is  that  the  activity 
of  the  enzyme  does  not  remain  constant  through- 
out the  whole  course  of  the  change  which  it 
induces.  In  the  hydrolysis  of  amygdalin  by 
emulsin,  and  of  milk  sugar  by  lactase,  the 
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products  of  reaction  seem  to  exert  a specific 
influence  in  putting  the  enzyme  out  of  action 
(see  Tammann,  Zeitscli.  pliysikal.  Cliem.  1892, 
lo,  271  ; Armstrong,  Proc,  Roy.  Soc.  1904,  73, 
500).  This  is  indicated  by  the  regular  falling 

off  in  the  value  of  y log  ^ as  the  reaction  pro- 

t jL  it/ 

ceeds,  that  is,  as  the  products  of  the  reaction, 
accumulate. 

Mechanmn  of  catalysis. — Many  theories  have 
been  advanced  as  to  the  way  in  which  a catalyst 
exerts  its  influence.  According  to  one  very 
commonly  accepted  view,  a catalyst  is  efl’ective 
because  it  combines  with  the  substrate,  and  this 
intermediate  compound  then  breaks  up  into  the 
final  products  of  change,  the  catalyst  being 
liberated.  Obviously,  if  this  account  of  cata- 
lytic change  is  to  give  an  adequate  interpreta- 
tion of  the  phenomena,  it  must  be  supposed  that 
the  formation  and  decomposition  of  the  inter- 
mediate compound  together  require  a shorter 
time  for  their  occurrence  than  the  direct  change 
itself.  There  is  a good  deal  of  evidence,  largely 
of  an  indirect  kind,  in  favour  of  the  view  that 
combination  takes  j)lace  between  catalyst  and 
substrate.  The  increased  stability  of  invertase 
in  presence  of  sucrose,  the  specificity  of  enzymes, 
and  the  occurrence  of  a linear  portion  in  the 
time  curve  for  the  hydrolysis  of  sugars,  are  facts 
which  contribute  to  this  evidence.  In  the  case 
of  the  catalytic  influence  of  molybdic  acid  on 
the  reaction  between  hydrogen  peroxide  and 
hydrogen  iodide,  it  has  been  definitely  shown 
that  combination  takes  place  between  the 
molybdic  acid  and  the  hydrogen  peroxide. 
Aluminium  chloride  also,  well  known  as  a 
catalytic  agent,  forms  definite  compounds  with 
the  substances  the  reactivity  of  which  it 
promotes.  But  although  we  may  frequently 
assume  the  very  probable  formation  of  inter- 
mediate compounds  in  enzyme  action  and  cata- 
lysis generally,  it  is  quite  impossible,  in  many 
cases,  to  specify  the  nature  of  these  compounds. 

There  are,  moreover,  many  cases  in  which 
the  efficiency  of  a catalyst  depends  almost 
certainly  on  something  else  than  the  formation 
of  intermediate  compounds.  The  investigation 
of  non-homogeneous  catalytic  reactions,  such  as 
the  combination  of  sulphur  dioxide  and  oxygen 
under  the  influence  of  platinum,  or  the  union  of 
hydrogen  and  oxygen  under  the  influence  of 
porous  porcelain,  has  led  to  the  conviction  that 
in  these  cases  occlusion  or  adsorption  of  the  re- 
acting substances  occurs  at  the  surface  of  the 
catalyst,  and  that  the  higher  concentration  of 
the  reagents  thus  secured  is  responsible  for  the 
greater  velocity  of  reaction.  It  is  possible  to 
interpret  enzyme  action  also  on  this  basis,  for 
the  solution  of  an  enzyme  is,  strictly  speaking,  a 
non-homogeneous  system. 

Bibliogra'pliy.  — Chemical  Statics  and 
Dynamics,  J.  W.  Mellor ; Thermodynamics 
of  Technical  Gas  Reactions,  P.  Haber ; ■ 
Nature  of  Fnzyme  Action,  W.  M.  Bayliss ; 
Cantor  Lectures  (Royal  Society  of  Arts),  1918, 

J.  C.  Philip.  J.  C.  P. 

Catalysis  in  Industrial  Chemistry. 

Within  the  last  two  decades  the  applications  of 
catalysis  in  industrial  chemistry  have  undergone 
remarkable  developments.  Many  catalytic  pro- 


cesses are  now  in  operation  on  the  large  scale 
for  the  production  of  both  inorganic  and  organic 
substances,  and  the  steadily  increasing  amount 
of  research  work  done  in  this  field  of  investiga- 
tion will,  without  doubt,  lead  to  the  introduc- 
tion of  many  other  methods  of  manufacture 
based  upon  the  influence  of  catalytic  agents. 

Methods  of  preparation  of  inorganic  sub- 
stances in  which  catalysts  are  employed  are  as 
yet  comparatively  few,  but  amongst  them  are 
included  processes  for  the  production  of  such 
indispensable  materials  as  hydrogen,  chlorine, 
sulphuric  acid,  ammonia,  and  nitric  acid.  In 
order  to  meet  the  growing  demand  for  pure 
hydrogen  various  methods  for  the  production 
of  that  element  from  water  have  been  worked 
out,  and  several  of  these  are  based  upon  the 
fact  that  in  presence  of  suitable  catalysts  steam 
and  carbon  monoxide  interact  at  moderately 
high  temperatures  with  the  formation  of  hydrogen 
and  carbon  dioxide,  which,  of  course,  can  be 
easily  separated.  Iron  or  other  metals  of  the 
iron  group  serve  as  catalysts  ; when  the  former 
is  employed  its  activity  is  increased  by  the 
addition  of  small  quantities  of  ‘ activators,’  such 
as  potassium  hydroxide,  or  by  using  it  in  the 
form  of  an  iron- copper  couple.  The  reaction 
between  steam  and  carbon  monoxide  may  also 
be  effected  in  presence  of  heated  lime,  pre- 
ferably containing  a small  admixture  of  iron, 
or  of  a mixture  of  lime  and  charcoal. 

Chlorine  may  be  prepared  catalytically  by 
the  well-known  Deacon  process,  in  which  hydro- 
chloric acid  is  oxidised  by  atmospheric  oxygen 
in  presence  of  cupric  chloride  at  a tempera- 
ture of  about  400° ; and  also  by  the  method  due 
to  Hargreaves  and  Robinson,  in  which  the  re- 
action between  sodium  chloride,  sulphur  dioxide, 
and  oxygen,  which  results  in  the  formation  of 
sodium  sulphate  and  chlorine,  is  promoted  by 
the  presence  of  a catalyst  such  as  cupric  oxide. 

In  the  contact  process  for  the  manufacture 
of  sulphuric  acid  the  primary  reaction,  viz.  the 
formation  of  sulphuric  anhydride  by  combination 
of  sulphur  dioxide  with  oxygen,  is  effected 
through  the  agency  of  platinum,  although 
ferric  oxide  is  also  used  as  a catalyst.  In  the 
former  case  very  complete  preliminary  purifica- 
tion of  the  gases  is  essential,  since  various  im- 
purities, and  especially  arsenic,  even  in  minute 
-quantities,  quickly  ‘ poison  ’ the  catalyst  and 
impair  or  destroy  its  activity. 

The  synthesis  of  ammonia  is  now  carried  out 
on  a very  large  scale,  since  it  has  been  dis- 
covered that  when  a highly  compressed  mixture 
of  nitrogen  and  hydrogen  is  passed  over  a 
catalyst  maintained  at  a temperature  of  500°- 
600°  the  proportion  of  ammonia  produced  is 
sufficiently  great  to  make  the  process  remunera- 
tive. Even  under  the  most  favourable  condi- 
tions most  of  the  nitrogen  and  hydrogen  remain 
uncombined,  hence  it  is  necessary  to  adopt  a 
continuous  process  in  which  the  residual  gases 
are  again  passed  over  the  catalyst  after  removal 
of  the  ammonia.  Many  different  metals  and 
other  substances,  e.g.  metallic  nitrides,  have  the 
power  of  catalysing  this  reaction,  but  it  is 
understood  that  iron  is  employed  in  practice  ; 
the  metal  is  in  a fine  state  of  division  and 
rendered  active  by  the  addition  of  a promoter. 

When  a mixture  of  nitrogen  with  oxygen 
or  air  is  passed  over  a suitable  catalyst  at 
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temperatures  of  500°  and  upwards  nitric  oxide  is 
formed ; excess  of  oxygen  converts  this  compound 
into  nitric  peroxide,  which,  when  dissolved  in 
water,  yields  nitric  acid  and  nitric  oxide.  The 
catalytic  method  of  manufacturing  nitric  acid 
from  ammonia  is  based  upon  these  reactions. 
Originally  platinum  was  used  as  the  catalyst,  but 
it  has  been  found  that  iron  activated  with  small 
quantities  of  bismuth  or  other  substances  is 
also  very  efficient.  The  mixed  gases  are  passed 
over  the  heated  catalyst  with  high  velocity, 
hence  a relatively  small  contact  chamber 
suffices  for  the  oxidation  of  comparatively  large 
quantities  of  ammonia.  So  far  as  expenditure  of 
power  is  concerned,  this  process  is  much  more 
economical  than  the  arc  process,  in  which 
nitrogen  and  oxygen  are  caused  to  combine 
directly  at  a very  high  temperature. 

Catalysts  are  also  utilised  in  the  manufacture 
of  gra'phite  from  charcoal  or  coke  in  the  electric 
furnace ; in  the  preparation  of  carbon  tetra- 
chloride ; in  the  elimination  of  carbon  disulphide 
from  coal  gas  ; in  the  production  of  sulphur  by 
limited  combustion  of  sulphuretted  hydrogen 
in  the  Claus  kiln  ; in  the  j)reparation  of  sulphuryl 
chloride,  of  hydrazine,  and  of  aluminium  nitride  ; 
and  in  the  electrolytic  processes  for  the  pre- 
paration of  hypochlorites,  chlorates,  and  persul- 
phates,  and  for  the  regeneration  of  chromic  acid. 
Moreover,  it  is  claimed  that  they  may  be  used 
with  advantage  in  making  sodamide,  and  in  the 
manufacture  of  alkali  cyanides  by  the  action  of 
nitrogen  on  heated  mixtures  of  alkali  carbonates 
and  charcoal. 

Largely  as  a result  of  the  pioneer  work  of 
Sabatier  and  Senderens  catalytic  methods  are 
likely  to  become  of  great  importance  in  the 
domain  of  organic  chemistry.  Thus,  for  instance, 
hydrogen  has  been  found  available  for  many 
operations  of  reduction  and  of  hydrogenation 
when  used  along  with  various  catalysts.  In 
the  former  class  of  reactions  nickel  is  in  general 
very  elective,  but  as  it  is  sensitive  to  ‘ poisons,’ 
particularly  the  halogens,  care  must  be  taken 
that  both  the  hydrogen  and  the  substance  to 
be  attacked  must  be  freed  from  such  impurities. 
Palladium  and  platinum,  especially  when  in  the 
colloidal  state,  are  very  active  catalysts  of  such 
reactions.  The  operations  may  be  carried  out 
either  at  the  ordinary  or  at  increased  pressure, 
and  either  at  such  temperatures  that  the 
reacting  substances  are  vaporised,  or  at  the 
ordinary  temperature  with  the  substances  in 
the  liquid  state  or  in  solution.  Among  reducing 
actions  of  importance  carried  out  at  liigh  tem- 
peratures may  be  mentioned  the  production  of 
methane  from  carbon  monoxide  or  dioxide,  the 
preparation  of  aromatic  amines  from  nitro 
compounds,  and  the  reduction  of  aldehydes  and 
ketones  to  alcohols.  In  the  reduction  of  nitro 
compounds  copper,  either  alone  or  with  the 
addition  of  an  activator,  is  an  effective  catalyst, 
but  may  be  replaced  by  iron,  nickel,  silver,  or  gold. 
The  hydrogen  may  be  used  by  itself  or  mixed 
with  steam,  and  in  place  of  hydrogen  mixtures 
of  carbon  monoxide  and  steam  may  be  employed. 

The  preparation  of  indigo  white  may  be 
quoted  as  an  example  of  reduction  at  the 
ordinary  temperature.  Indigotin,  suspended 
in  a solution  of  sodium  hydroxide,  is  rapidly  re- 
duced by  hydrogen  at  b0°-80°  in  presence  of 
active  nickel ; the  catalyst  is  easily  removed 


by  filtration,  and  the  solution  of  indigo  white 
thus  produced  has  the  advantage  of  being  free 
from  any  excess  of  the  reducing  agent.  The 
process  is  applicable  to  the  preparation  of  leuco 
derivatives  of  other  vat  dyes. 

With  nickel  as  catalyst  the  addition  of 
hydrogen  to  unsaturated  compounds,  when  in 
the  state  of  vapour,  is  easily  effected.  Ethylene, 
for  example,  is  ^readily  converted  into  ethane 
at  200°,  and  the  preparation  of  hexahydro 
derivatives  of  benzene  and  other  aromatic 
compounds  is  carried  out  with  little  difficulty. 
In  solution,  and  especially  in  presence  of 
colloidal  platinum  or  palladium,  various  alkaloids 
have  been  converted  into  hydro  derivatives, 
which  may  prove  of  value  medicinally,  and  a 
most  useful  application  of  the  process  of  hydro- 
genation is  the  ‘ hardening  of  fats,’  i.e.  the  con- 
version of  oils  or  liquid  fats  into  solid  fats. 
This  hardening  process  depends  essentially  upon 
the  production  of  the  solid  glyceride  tristearin 
by  ad"^ition  of  hydrogen  to  the  liquid  glyceride 
triolein.  Nickel  is  usually  employed  as  the 
catalyst,  but  the  oxide  of  nickel  has  also  been 
recommended,  and  the  use  of  a number  of  other 
metals  (particularly  those  of  the  platinum  group) 
and  of  their  compounds  has  been  patented. 

A number  of  processes,  in  which  reduction  is 
effected  by  agents  other  than  hydrogen,  are 
also  promoted  by  various  catalysts.  For 
example,  in  the  reduction  of  azobenzene  with 
sulphurous  acid,  the  presence  of  a trace  of 
hydriodic  acid  has  a most  beneficial  effect,  and 
the  remarkable  discovery  has  been  made  that 
the  reduction  of  certain  dyes  with  hydrosulphites 
or  formaldehyde-sulphoxylates  is  greatly  pro- 
moted by  the  addition  of  small  quantities  of 
certain  other  dyes.  Moreover,  in  a number  of 
electrolytic  reduction  processes,  the  presence  of 
catalysts  is  advantageous  ; thus  the  electrolytic 
reduction  of  nitro-,  nitroso-,  or  azo-  compounds 
is  facilitated  by  the  addition  of  titanous  salts, 
in  very  small  quantity,  to  the  liquid. 

Many  processes  of  oxidation  are  also  induced 
or  accelerated  by  catalysts.  A well-known 
example  of  direct  oxidation  is  the  production 
of  formaldehyde  by  passing  a mixture  of  the 
vapour  of  methyl  alcohol  and  air  through  a tube 
containing  heated  copper  or  platinum.  Acetal- 
dehyde is  rapidly  and  smoothly  converted  into 
acetic  acid  by  the  action  of  a current  of  air  if 
a little  manganous  acetate  is  dissolved  in  the 
aldehyde.  Anthraquinone  may  be  obtained  by 
heating  anthracene  with  oxygen,  under  pressure, 
if  some  cupric  oxide  or  other  catalyst  is  also 
present.  In  oxidations  with  sulphuric  acid,  as, 
for  instance,  the  preparation  of  phthalic  acid 
from  naphthalene,  the  velocity  of  the  reaction 
is  in  many  cases  greatly  increased  by  the 
addition  of  small  quantities  of  mercury  or 
copper.  If  catalysts  are  present  solutions  of 
alkali  chlorates  readily  act  as  oxidising  agents 
in  many  cases  where  otherwise  the  reaction 
takes  place  slowly  or  not  at  all ; thus  a trace  of 
vanadium  pentoxide  has  a most  advantageous 
effect  in  the  preparation  of  aniline  black  by 
oxidising  aniline  with  these  reagents.  Hydrogen 
peroxide  is  a most  valuable  oxidising  agent  for 
many  hydroxy  compounds  if  traces  of  ferrous 
salts  are  also  present,  and  some  jjrocesses  in 
which  oxidation  is  effected  through  the  agency 
of  nitrobenzene,  e.g.  the  manufacture  of  magenta, 
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are  promoted  by  the  addition  of  ferrous  salts 
which  act  catalytically  as  oxygen  carriers. 
Moreover,  electrolytic  oxidation  is  frequently 
accelerated  by  catalysts  ; for  example,  in  this 
method  of  preparing  anthraquinone,  a li^.tle  ceric 
sulphate  or  chromic  acid  is  added  to  the  sul- 
phuric acid  in  which  the  anthracene  is  suspended. 

Catalysts  are  capable  of  promoting  processes 
of  dehydrogenation  as  well  as  of  hydrogenation. 
For  instance,  an  excellent  method  of  obtaining 
acetaldehyde  consists  in  passing  the  vapour  of 
ethyl  alcohol  over  copper  heated  to  about  800°, 
and  in  a similar  manner  ketones  may  be  pre- 
pared from  secondary  alcohols,  e.g.  camphor 
from  borneol,  with  satisfactory  results.  Hydro- 
carbons also  are  dehydrogenated  at  compara- 
tively low  temperatures  in  presence  of  metals 
such  as  copper,  nickel,  or  iron,  and  in  this 
connection  it  should  be  noted  that  a number  of 
patents  have  been  taken  out  which  cover  the 
employinent  of  those  and  other  catalysts  in 
the  ‘ cracking  ’ of  petroleum  for  the  production 
of  motor  spirit,  benzene,  &c.,  from  heavier  oils. 

Other  reactions  in  which  catalysts  are 
effective  include  the  hydration  and  the  dehydra- 
tion of  organic  compounds.  An  example  of 
hydration  is  the  preparation  of  acetaldehyde  by 
inducing  the  combination  of  acetylene  with 
water,  which  is  carried  out  by  passing  a current 
of  the  gas  into  an  aqueous  solution  of  an  acid  in 
presence  of  a mercury  salt  which  acts  as  the 
catalyst.  The  hydrolysis  of  esters,  which  may 
also  be  included  in  this  category,  finds  practical 
illustration  in  the  hydrolysis  of  fats  into  free 
fatty  acids  and  glycerol  by  the  action  of  water 
containing  a small  quantity  of  a catalyst,  e.g. 
sulphophenylstearic  acid.  Dehydration  is  exem- 
plified by  the  catalytic  preparation  of  ethylene 
and  other  unsaturated  hydrocarbons.  Ethyl 
alcohol  breaks  down  into  ethylene  and  water 
when  its  vapour  is  passed  over  alumina  heated 
to  a temperature  of  860°,  and  isoprene  and  other 
hydrocarbons  of  the  same  series  can  be  obtained 
by  a similar  dehydration  of  dihydric  alcohols. 
The  catalytic  influence  of  mineral  acids  in 
accelerating  the  formation  of  esters  by  the 
interaction  of  organic  acids  and  alcohols  is 
well  known,  and  it  has  been  found  that  acetalde- 
hyde and  ethyl  alcohol  readily  react  with  forma- 
tion of  acetal  in  presence  of  calcium  chloride  and 
a trace  of  hydrochloric  acid.  Moreover,  in 
many  of  the  processes  grouped  under  the  heading 
‘ condensation,’  which  find  such  extended 
application,  there  is  no  doubt  that  the  con- 
densing agent  plays  the  part  of  a catalyst. 

Much  space  would  be  required  if  an  attempt 
were  made  to  illustrate  all  the  other  kinds  of 
reactions  of  organic  compounds  which  are 
favourably  influenced  by  catalysts,  and  it  must 
suffice  merely  to  indicate  the  employment  of 
these  agents  in  connection  with  the  following 
operations : The  preparation  of  aromatic 

hydrocarbons,  e.g.  of  toluene  by  the  action  of 
methyl  chloride  on  benzene  in  presence  of 
aluminium  chloride  ; the  preparation  of  halogen 


derivatives  of  both  aromatic  and  fatty  com- 
pounds, when  various  catalysts  known  as 
halogen  carriers  are  of  the  greatest  service ; 
the  preparation  of  sulphonic  acids  derived 
from  benzene  and  other  hydrocarbons,  from 
pyridine,  &c.  ; the  preparation  of  derivatives 
of  amines  or  of  amino-  compounds,  particularly 
of  those  in  which  aromatic  radicals  are  intro- 
duced into  the  amino-  group,  e.g.  the  production 
of  phenylanthranilic  acid,  which  is  easily 
effected  by  the  addition  of  a small  quantity  of 
copper  powder  to  a boiling  solution  of  o-chloro- 
benzoic  acid  in  aniline ; the  preparation  of 
certain  diazo-  compounds,  and  the  replacement 
of  the  diazo-  group  by  the  chlorine,  bromine,  or 
cyanogen  radical ; the  preparation  of  aldehydes 
and  ketones,  e.^.  of  benzaldehyde  from  benzylidene 
chloride  or  directly  from  benzene,  and  of  acetone 
from  acetic  acid ; the  preparation  of  certain 
sulphur  compounds,  in  which  category  the 
important  methods  of  vulcanising  rubber  may 
be  included.  Moreover,  in  many  cases,  intra- 
molecular rearrangements  and  polymerisations 
are  accelerated  by  catalysts.  The  transforma- 
tion of  hydrazobenzene  into  benzidine  under  the 
influence  of  a strong  acid,  is  a familiar  example 
of  the  former  class  of  change,  whilst  the  latter 
is  exemplified  in  the  synthesis  of  various  kinds 
of  rubber  by  the  polymerisation  of  butadiene 
and  its  homologues,  which  is  promoted  by  the 
presence  of  sodium,  acetic  acid,  and  other 
catalysts,  and  in  the  conversion  of  acetaldehyde 
into  para- acetaldehyde,  ethyl  acetate,  or  aldol. 

Finally,  it  must  be  noted  that  a number  of 
very  important  operations,  for  example,  the 
manufacture  of  ethyl  alcohol,  are  carried  out 
through  the  agency  of  that  group  of  catalysts 
produced  by  living  organisms  which  are  known 
as -enzymes.  In  many  respects  the  action  of 
enzymes  is  similar  to  that  of  inorganic  catalysts, 
and  especially  to  that  of  colloidal  platinum  or 
palladium,  but  is  specific  in  the  sense  that  a 
definite  enzyme  is  required  to  bring  about  a 
particular  transformation.  G.  G.  H. 

CHERRY.  The  fruit  oiHrwnus  avium  (sweet 
cherry)  or  P.  cerasus  (Morelia  cherry).  There 
are  many  varieties.  Konig  gives,  as  the  com- 
position of  ordinary  cherries  ; 

Other 

Free  Invert  Sacch-  carbo- 

Water  Protein  acid  sugar  arose  liydratcs  Fibre  Ash 

80-6  1-2  0*7  8-9  0‘5  IS  5S  O’S 

included  in  the  carbohydrates  is  O'G-DO  p.c. 
of  pentosans  (Wittreaun,  1901).  A more 
detailed  examination  by  Keim  (Zeitsch,  anal. 
Chem.  1891,  30,  401)  showed  that  in  the  unripe 
fruit  of  P.  cerasus,  citric,  malic,  and  succinic 
acids  were  present ; that  cane  sugar  was  present, 
but  diminished  greatly  as  the  fruit  ripened.  The 
ripe  fruit  contained  no  succinic  acid,  but  malic 
and  citric  acid  equal  to  0'46  p.c.  expressed  as 
malic  acid,  were  present,  and  the  sugars  were 
dextrose,  levulose,  and  traces  of  inositol.  Shaw 
(Expt.  Station  Record,  1899)  found,  as  the  mean 
of  the  analyses  of  13  varieties  of  cherries  : 
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Konig  gives,  as  the  mean  of  many  analyses 
of  cherry  juice:  Sp.gr.  1’0737;  total  solids, 
19’4;  sugar,  12'8;  protein,  0‘42 ; free  acid,  0'75 ; 
tannin,  ()’09;  ash,  0‘55,  grammes  per  100  c.c. 
Konig  gives,  as  the  composition  of  the  ash  : 
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54*8  4-4  5-8  5-4  Rh  15-6  5-4  S'O  1-680 


Elesh  only  50-1  — 7-0  5-2  — 12-9  — 


The  kernels  of  cherry  stones  contain  : 

Nitrogen- 

Water  Protein  Pat  free  extract  Pibre  Ash 
41-0  6-9  14-1  33-4  3'5  10 


The  kernels  contain  about  0-82  p.c.  of 
amygdalin. 

Dried  cherries  contain,  according  to  analyses 
by  K5nig  and  Krauch  (flesh  only)  : 

Other 
Invert  carbo- 

Water  sugar  hydrates  Protein  Pat  Pibre  Ash 
49-9  31-2  14-3  2-1  0-3  0-6  DG 

Willstatter  and  Zollinger  (Annalen,  1916, 
412,  164)  find  that  the  colouring  matter  of  the 
skins  of  cherries  is  keracyanin,  the  chloride  of 
which  can  be  obtained  in  crystals  containing 
either  4 mols.  of  water  (red  slender  needles) 
or  3H2O  (stout  brown  prisms).  The  chloride 
has  the  composition  C27H31O15CI,  and  is  readily 
hydrolysed  by  boiling  with  hydrochloric  acid, 
yielding  cyanidin,  dextrose,  and  rhamnose. 
Keracyanin  is  thus  a diglucoside  of  cyanidin 
CisHioOg,  a frequent  constituent  of  the 
colouring  matter  of  flowers  and  fruits  {v. 
Anthocyanins.  H.  I. 

CHERRY  BARK  TANNIN  v.  Tannins, 

CHERRY-LAUREL  LEAVES,  Laurocerasifo- 
lia  (B.P.) ; leaves  of  Prunus  Laurocerasus  (Linn.). 

CHERRY  LAUREL  OIL  v.  Oils,  Essential. 
CHERRY  TREE  GUM  Gums. 

CHERT,  {Feuer stein,  Hornstein,  Ger.)  A 
silicious  mineral  allied  to  chalcedony  and  flint. 
Similar  terms  are  applied  to  hornstone  and  to 
any  impure  flinty  rock,  including  the  jaspers. 
It  is  worked  extensively  from  carboniferous 
limestone  quarries  in  Elintshire,  especially  at 
Halkin  and  Talacre  in  Denbighshire,  Derbyshire, 
and  at  Reeth  in  Yorkshire.  It  is  used  in 
potteries  for  paving  the  mills  in  which  flints  are 
ground.  The  following  is  an  analysis  of  a 
sample  from  Vizzin,  Sicily,  given  by  Ricciardi 
(Gazz.  chim.  ital.  11,  319)  : — 


Interior 

SiOg  AI2O3  PeO  CaO  H2O  Sp.gr.  at  22° 
96-31  0-30  0-25  0-47  2-81  = 100-14  2-572 


Wliite  crust  metamorphosed  by  heat 
SiOg  AlaOa  PeO  CaO  HoO  Sp.gr.  at  22° 
97-02  0:32  3-39  0:55  P68=:102-96  2-520 


CHESS YLITE  or  CHESS Y COPPER,  (Awp- 

ferlasur,  Ger.)  A blue  oxycarbonate  of  copper, 
2CuC03-Cu(0H)2,  found  native  at  Chessy  near 
Lyons  (v.  Coppeb). 

CHESTNUT,  The  sweet  chestnut  is  the  seed 
of  Castanea  vesca,  the  horse-chestnut  that  of 
/Fsculus  hippocastanum. 

Average  composition  : 


Sweet  chestnuts : 

Water 

Pro- 

tein 

Carbo- 

Fat  iiydrates  Fibre  Ash 

ITresh  kernels 

. 38-5 

6-9 

8-0 

44-9 

1-7 

Dried  kernels 

. 5-8 

10-6 

10-0 

70-9 

2-7 

Spanish  . 

. l()-() 

9-3 

7-5 

68-1  2-4 

2-7 

Horse  chestnuts 

38-9 

4-8 

4-6 

46-2  3-7 

1-8 

„ (air-dried ) 

14-8 

6-8 

5-1 

68-3  2-7 

2-2 

Sweet  chestnuts  are  largely  used  as  human 
food ; the  horse-chestnut  has  been  tried  as 
cattle  food,  with  success  (Gay,  Ann,  Agron,  1896, 
22,  401 ; Auld,  J.  Soc.  Chem.  Ind.  1913,  32,  173). 

The  kernels  of  an  aquatic  plant,  Trapa 
hispinosa,  are  extensively  used  as  food  under 
the  name  of  water- chestnut,  in  the  North  West 
Provinces  of  India,  being  roasted  and  pounded 
to  a flour.  Hooper  (Pharm,  J.  Trans.  1894, 
53,  22)  found  this  flour  to  contain  ; 

Sugar 

Water  Protein  Pat  and  gum  Starch  Cellulose  Asli 
4-2  8-4  1-0  14-4  63-8  3-6  4*7 

The  ash  of  the  flour  contained  a little  man- 
ganese, which,  however,  was  abundant  in  other 
parts  of  the  plant. 

The  bark  of  the  horse-chestnut,  especially  in 
early  spring,  contains  cesculin  OigHigOg,  the 
glucoside  of  aesculetin  C9Hg04.  Another  glu- 
coside,  argyroescin  C27H42O42J  occurs  in  the 
seeds  of  the  horse-chestnut  (Rochleder,' J.  pr, 
Chem.  1862,  87,  1). 

Erom  the  fat-free  cotyledons  two  acids  are 
obtained,  viz.  cesculic  acid,  fine  needles,  m.p. 
214°-215°,  insoluble  in  water,  forming  yellow 
amorphous  salts ; and  oesculinic  acid,  golden- 
yellow  needles,  m.p.  230°-231°,  Isevorotatory, 
soluble  in  water,  forming  yellow  salts  (Masson, 
Bull.  Sci.  Pharmacol.  1918,  25,  65), 

Sweet  chestnuts  contain  small  quantities  of 
resins  and  tannin,  and  included  in  the  carbohy- 
drates are  sugar,  dextrin,  starch,  and  other 
substances.  V ery  diverse  amounts  of  these  have 
been  found  by  different  observers.  In  the 
horse-chestnut,  according  to  Laves  (Zeitsch. 
angew.  Chem,  1902,  1013),  there  are  about  50  p.c. 
starch,  14  p.c,  cane  sugar,  13  p.c.  glucose,  and 
0-2  p.c,  tannin.  H.  I. 

CHESTNUT  EXTRACT.  The  wood  of  the 
Spanish  chestnut,  Castanea  vesca,  though  it 
contains  only  3-6  p.c.  of  tannin,  is  the  source 
of  the  much-valued  chestnut  extract.  The  bark 
contains  more  tannin  than  the  wood  (17  p.c.), 
but  is  not  much  used.  The  tree,  which  grows  to 
from  60  to  80  feet  in  height,  is  abundant  in  Italy, 
the  South  of  Erance,  and  Corsica,  where  it  forms 
immense  forests,  and  it  is  also  very  common  in 
America. 

Trimble  (The  Tannins),  who  very  carefully 
examined  the  tannin,  obtained  analytical  data 
and  reactions  which  indicated  that  it  was 
identical,  or  nearly  so,  with  gallotannin,  but  it 
is  probable  that  this  wood  also  contains  traces  of 
a catechol  tannin,  for  a certain  quantity  of  a red- 
colouring  matter  is  also  present,  which  resembles 
in  character  a phlobophane.  Some  writers  have 
suggested  that  chestnut  tannin  is  a methyl  ether 
of  ordinary  gallotannin,  but  there  is  apparently 
no  definite  evidence  in  support  of  this  theory. 

Chestnut  is  employed  almost  entirely  in  the 
form  of  extract,  the  strength  of  which  varies,  but 
usually  contains  from  26  to  32  p.c.  of  tannin. 
The  extract  is  frequently  decolourised,  and  some- 
times mixed  with  quebracho  extract  and  other 
materials.  Chestnut  tannin  is  the  tannin 
which  is  most  largely  employed  for  the  dyeing 
of  silk.  Castanea  vesca  appears  to  be  frequently 
confused  with  the  horse-chestnut,  Msculus 
hippocastanum.  The  tannin  derived  from  this 
latter  is,  however,  of  little  or  no  practical  value 
(c/.  Poliak,  Collegium,  1913,  6,  291  ; J.  Soc. 
Chem.  Ind.  1913,  32,  706).  A.  G.  P. 
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CHIAN  TURPENTINE  v.  Oleo  -RESINS. 

CHICA  RED  AND  CARAJURA.  These  are  rare 
pigments  prepared  by  the  Indians  of  Central 
America  from  species  of  Bignonia  which  are  very 
similar  in  appearance  and  may  contain  as  a 
basis  the  same  colouring  matter.  A red  pig- 
ment of  this  character,  evidently  ‘ Chica  red,’ 
is  referred  to  in  The  Travels  and  Researches  of 
Baron  Humbolt  (Macgilivray,  Edinburgh,  1886, 
p.  229)  : ‘ Red  paint  is  the  ordinary  decoration 
of  these  tribes.  The  most  common  kind  is 
obtained  from  the  seeds  of  the  Bixa  orellana 
and  is  called  annotto,  achoute,  or  roucou. 
Another  more  expensive  species  is  extracted 
from  the  leaves  of  the  Bignonia  chica.'  Accord- 
ing to  Crookes  (Dyeing  and  Calico  Printing, 
1874,  388)  chica  is  obtained  from  the  leaves  of 
the  B.  chica  which  the  Indians  boil  with  water, 
and  add  some  particles  of  the  bark  known  as 
‘ aryane  ’ to  the  decanted  liquid  which  causes 
the  precipitation  of  the  colouring  matter. 

An  interesting  resume  of  what  is  known  of 
this  subject  is  given  by  Holmes  (Pharm.  J., 
1901),  who  states  that  preparations  very 
similar  to  carajura  are  employed  by  the  South 
American  Indians  in  Brazil,  Bolivia,  and 
Guiana.  These  include  chica  from  the  leaves 
of  B.  chica,  from  ‘ ula  ’ leaves  derived  from  an 
unknown  species  of  Bignonia  in  Bolivia,  and  a 
pigment  prepared  from  the  heartwood  of  the 
B.  tecoma  in  Minas  (Brazil).  The  latter,  accord- 
ing to  Lee  (Chem.  Soc.  Trans.  1901,  284),  is 
prepared  by  mixing  the  dust  and  shavings  of 
this  tree  with  slaked  lime  and  heating  the  mass 
with  water.  From  the  B,  tecoma  Lee  isolated 
a considerable  amount  of  a yellow  crystalline 
compound,  tecomin  v Bignonia  tecoma. 

Carajura  or  Crajura  was  apparently  first 
examined  by  Virey  (Journ.  de  Pharmacie  et 
Chimie,  (3)  5,  154).  The  sample  experimented 
with,  which  came  from  Para,  was  soluble  in 
alkalis  and  was  precipitated  therefrom  by  acid, 
and  is  stated  to  have  been  prepared  by  the 
Galibis  by  boiling  with  water  the  stem  and 
leaves  of  an  unknown  species  of  Bignonia  when 
the  latter  in  the  autumn  had  acquired  a purple 
colour. 

Crookes  states  {loc.  cit.)  that  chica  is  soluble 
in  36  p.c.  alcohol,  in  ether  and  in  alkalis  with 
a vinous  red  colour,  and  when  heated  in  a sealed 
tube  with  alkali  and  glucose  gives  a bluish-red 
liquid  which  becomes  brown  on  exposure  to  air 
and  then  yields  on  acidification  an  orange-red 
precipitate. 

As  the  result  of  an  examination  of  chica  red 
or  carajura  said  to  be  derived  from  the  leaves 
of  the  Bignonia  chica,  Erdmann  (Jahres.  1857, 
487)  assigned  to  the  colouring  matter  which  he 
isolated  by  extraction  with  alcohol  the  formula 
CgH^Og.  This  substance  was  soluble  in  caustic 
alkali  but  not  in  alkali  carbonate  solutions,  and 
when  oxidised  with  chromic  acid  gave  anisic 
acid,  whereas  with  nitric  acid  picric  acid  was 
produced. 

Perkin  (Proc.  Chem.  Soc.  1914,  30,  212),  who 
examined  a sample  of  ‘ carajura  ’ obtained  from 
Messrs.  Wright,  Layman,  and  Umney  of  London, 
and  which  is  referred  to  in  the  paper  of  Holmes 
{loc.  cit.),  found  this  to  contain  a small  quantity 
of  the  calcium  lake  of  two  colouring  matters 
which  had  either  been  precipitated  on,  or  inter- 
mingled with  a substance  of  the  nature  of  ground 


bark  or  peat.  After  treatment  with  hot  dilute 
hydrochloric  acid,  alcohol  removes  the  colouring 
matters  in  the  form  of  a resin,  and  from  this,  by 
means  of  boiling  benzene,  carajurin  is  isolated. 
This  compound,  to  which  the  formula  CigHj  gO  5 
has  been  provisionally  assigned,  separates  in 
ruby  needles,  melting  at  204°-206°,  is  soluble 
in  boiling  dilute  alkali  with  a red  colour,  and  is 
nearly  devoid  of  dyeing  properties.  With 
mineral  acids  it  very  readily  yields  oxonium 
salts,  crystallising  in  bright,  orange  needles,  of 
which  the  sulphate,  probably  Ci8Hig05'H2S04‘ 
HgO  is  the  most  stable,  the  hydrobromide  and 
hydrochloride  being  decomposed  at  100°.  From 
the  hydrochloride  a platinichloride  can  be  pre- 
pared. Cold  acetic  anhydride  with  a trace  of 
pyridine,  after  two  days,  gives  an  almost 
colourless  acetyl  compound,  crystallising  in 
needles,  whereas  bromine  gives  an  immediate 
precipitate  with  carajurin  in  acetic  acid,  which 
when  boiled  with  this  solvent,  separates  in 
orange  needles.  Hydriodic  acid  converts  cara- 
jurin with  loss  of  2 molecules  of  methyl  iodide 
and  probably  also  of  a molecule  of  water  into  a 
substance  provisionally  termed  carajuretin  iodide, 
bright  scarlet  needles,  stable  in  the  presence  of 
cold  water,  and  from  this  by  means  of  cold 
pyridine,  carajuretin  CigHigOg,  scarlet  needles, 
melting  above  330°,  and  soluble  in  alkalis  with 
a reddish-violet  colour,  is  produced.  By  dry 
distillation  carajurin  evolves  a trace  of  aromatic 
oil,  resembling  anisaldehyde  in  odour,  and  when 
fused  with  alkali,  p-hydroxybenzoic  acid  and  a 
colourless  substance,  melting  at  185°- 187°,  as 
yet  unidentified,  are  obtained.  In  many 
respects  carajurin  resembles  the  anhydro- 
hydroxybenzopyranol  compounds  described  by 
Billow  and  Wagner  (Ber.  1901,  34,  1199). 

That  portion  of  the  alcoholic  extract  insoluble 
in  benzene  yields  to  ether  carajurone,  isolated 
as  a scarlet  powder,  which  readily  assumes  a 
beetle-green  lustre,  and  possesses  strong  dyeing 
properties.  Analysis  indicates  the  presence  of 
more  oxygen  in  this  compound  than  in  carajurin. 
A small  amount  of  a similar,  but  brighter  lake 
from  British  Guiana,  and  obtained  from  the 
leaves  of  a ‘ bushrope,’  gave  a colouring  matter 
dyeing  alizarin-like  shades.  This  preparation, 
considered  to  be  ‘ chica  red,’  appeared  to  differ 
in  some  respects  from  the  ‘ carajura  ’ above 
described. 

Bignonia  Tecoma.  Tecomin.  {q.v.) 

A.G,P. 

CHICAGO  BLUE,  -ORANGE,  v.  Azo  -COLOUR- 
ING MATTERS. 

CHICK  PEA.  Cicer  arietinum,  L.  A legumi- 
nous annual,  growing  to  a height  of  about  2 feet, 
largely  cultivated  in  India,  where  its  seeds  are 
used  as  food  for  cattle  and  horses,  and,  after 
the  removal  of  the  husks,  for  man. 

In  some  cases  the  young  leaves,  fried  in  oil, 
are  also  eaten.  Church  (The  Food  Grains  of 
India,  1886)  gives,  as  the  average  composition 
of  the  seeds  : 

Sol.carbo- 

Water  Protein  Fat  hydrates  Fibre  Ash 
With  husk  1L2  19-5  4*6  53-8  7*8  3*1 

Husked  .11*5  21*7  4*2  59*0  1*0  2*6 

Analyses  of  various  parts  of  the  fresh  plant 
were  made  by  Passerini  (Staz.  Sper.  Agrar.  21, 
20 ; Chem.  Soc.  Abstr.  1893,  ii.  226). 

The  fresh  substance  of  the  stems,  leaves,  and 
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CHICK  PEA. 


entire  pods  contained  27’64  p.c,,  24*39  p.c.,  and 
19*85  p.c.  of  dry  matter  respectively. 

The  dry  matter  of  the  stems,  leaves,  and 
seeds  contained  : 


Cellu-  Other  carbo- 


Protem  Fat 

lose  hydrates  Ash 

Nitrogen 

Stems 

, 6*35  1*8 

35*0 

49*0  7*81 

1*62 

Leaves 

14*21  4*1 

13*9 

58*9  8*83 

2*27 

Seeds 

26*20  5*2 

1*7 

63*6  3*30 

4*19 

The  ash  contained  : 

0*^0 
« 05  ^ 

o o 

O U) 

r?  O ” 

« 

o __ 

M ^ Q 

3 Ph  02 

To  3 

Stems 

48*4  0*5  23*6 

4*4  2*1  0*03  5*3  5*8 

6*2  3*7 

Leaves  29*6  0*9  40*6 

3*3  3*0 

— 6*0  4*4  11*3  1*8 

Seeds 

24*6  1*3  4*5  20*0  2*4 

— 39*6  3*4 

0*7  2*9 

copper  were 


Traces  of  boron,  lithium,  and 
also  present  in  the  ash. 

A detailed  analysis  of  the  dry  matter  of  the 
seeds  was  made  by  Zlataroff  (Zeitsh.  Nahr. 
Genussm.  1916,  31,  180),  who  found — fat,  6*30 
p.c.,  starch  50*32  p.c.,  fibre  3*62  p.c.,  ash  2*87  p.c., 
total  nitrogen  3*34  p.c.,  protein  nitrogen  2*1 1 p.c., 
nuclein  nitrogen  0*10  p.c.,  ammonia  nitrogen 
0*10  p.c.,  amide  nitrogen  0*01  p.c.,  amino-acid 
nitrogen  0*12  p.c.  ; total  phosphoric  acid  0*998 
p.c.,  inorganic  phosphoric  acid  0*118  p.c., 
organic  soluble  phosphoric  acid  0*244  p.c., 
lecithin  phosphoric  acid  0*142  p.c.,  protein 
phosphoric  acid  0*486  p.c.  Oxalic  acid(0*007  p.c.), 
citric  acid,  betaine,  choline  (0*02  p.c.),  adenine, 
inositol  and  a phytosterol  were  also  present. 

H.  I. 


CHICLE.  A gum  imported  into  the  United 
States  for  the  manufacture  of  chewing  gum. 
A sample  from  Yucatan  contained  : Acetone- 
soluble  matter  (resins)  40*0  ; gutta  and  carbo- 
hydrates 17*4  ; proteins  0*6  ; sand  and  foreign 
matter  2*3  ; water  35*0  ; ash  4*7  p.c. 

For  analytical  methods  of  determining  its 
value,  see  Dannerth,  J.  Ind.  Eng.  Chem.  1917,  9, 
679  ; J.  Soc.  Chem.  Ind.  1917,  971. 

CHICORY  or  SUCCORY.  Gichorium  Intyhus 
(Linn.).  A perennial  plant  belonging  to  the 
Compositce,  growing  to  a height  of  about  3 feet, 
bearing  blue  flowers  and  having  a long  tap  root. 
It  is  sometimes  grown  as  cattle  food,  the  foliage 
being  thus  used,  but  more  generally  it  is  culti- 
vated for  the  sake  of  its  root,  which,  when  dried, 
roasted,  and  ground,  is  largely  used  for  mixing 
with  coffee.  The  blanched  leaves  are  also  used 
as  a salad. 

According  to  Letheby’s  analysis  (quoted  by 
Wynter  Blyth,  Foods,  359,  1909),  fresh  chicory 
roots  contains  : 

Bitter  Cellulose, 

Gummy  extrac-  inulin, 

Water  matter  Glucose  tive  Fat  and  fibre  Ash 


77*0  7*5  1*1  4*0  0*6  9*0  0*8 


Analyses  by  Mayer  (Bied.  Zentr.  1885,  828) 
gave  : 


Albu- 

Bitter 

Water  minoids  Fat 

Inulin 

Fibre 

Sugar 

extract 

Ash 

72  1*1  0*2 

12*0 

1*4 

5*6 

0*5 

1*4 

to 

to 

to 

to 

to 

to 

77 

17*3 

1*8 

6*0 

0*15 

1*9 

Wolff  (Chem.  Zentr.  1899,  ii.  211)  also  found 
that  chicory  root  contains  from  13  to  15  p.c.  of 
inulin,  and  an  optically  inactive  sugar,  .synan- 
throse.  He  states  that  drying  the  roots  has 
little  or  no  effect  upon  the  sugars,  but  during 


roasting  the  reducing  sugars  are  increased,  a 
large  portion  of  the  inulin  is  changed,  and  caramel 
and  dextrin  are  formed. 

Even  by  storing  a portion  of  the  inulin  is 
converted  into  inulide  and  some  of  the  less 
readily  fermented  inulides  undergo  further  de- 
gradation and  are  converted  into  the  more 
readily  fermented  inulides.  Wolff  (Compt.  rend. 
1916,  164,  514)  finds  a substance  which  he  calls 
inulo-coagulase  in  the  root,  which  coagulates 
the  inulin  in  the  expressed  juice.  It  is  more 
abundant  in  the  outer  than  in  the  central 
portions  of  the  root  and  is  destroyed  by  heating 
to  about  60°.  It  does  not  coagulate  starch, 
milk  or  pectin.  In  a later  paper,  Wolff  and 
Geslin  (Compt.  rend.  1917,  165,  651  ; 1918,  166, 
428)  state  that  inulin  breaks  down,  under  the 
influence  of  an  enzyme  present  in  chicory  root, 
to  levulose  with  intermediate  formation  of 
inulides. 

The  bitter  principle  is  believed  to  be  a 
glucoside  of  levulose  and  a pyrocatechuic 
derivative,  probably  the  aldehyde  (Grafe, 
Biochem.  Zeitsch.  1915,  68,  1).  The  determina- 
tion of  cupric  reducing  power  affords  a means  of 
detecting  the  presence  of  chicory  in  coffee.  The 
extractives  of  roasted  coffee  contain  from  1*9 
to  2*6  p.c.  of  reducing  sugars,  whilst  the  ex- 
tractives of  roasted  chicory  contain  from  25*2 
to  27*7  p.c.  When  the  extractives  of  a coffee 
decoction  yield  more  than  3 p.c.  of  their  weight 
of  reducing  sugars  the  presence  of  chicory  is 
indicated.  The  addition  of  cane  sugar  to  the 
coffee  does  not  affect  the  results  and  its  presence 
may  be  detected  by  the  polarimeter. 

The  presence  of  beetroot  in  ground  chicory 
may  be  detected  by  washing  the  suspected 
sample  with  sodium  hypochlorite  solution  until 
all  soluble  colouring  matter  has  been  removed, 
when  the  particles  are  to  be  examined  under  the 
microscope.  If  beetroot  is  present  the  particles 
will  be  seen  to  contain  numerous  black  cells 
filled  with  crystals  of  calcium  oxalate.  The  cells 
are  oval  or  elongated  and  are  more  numerous 
near  the  ligneous  vessels  of  the  woody  portion 
of  the  root  (Collin.  Ann.  Falsif.  1916,  9,  271). 

Petermann  (Bied.  Zentr.  1883,  843)  found 
pure  roasted  chicory  to  contain  : 

Soluble  in  watery  74*2  p.c. 

Dextrin  Colouring 

Water  Glucose  and  inulin  Protein  matter  Ash 
16*3  26*1  9*6  3*2  16*4  2*6 

Insoluble  in  water,  25*8  p.c. 

Protein  Fat  Cellulose  Ash 

3*2  5*7  12*3  4*6 

The  ash  of  chicory  root  and  leaves,  according 
to  Wolff,  contains  : 

KaO  NaaO  MgO  CaO  FegO,  PaOg  SOo  SiO,  Cl 
Root  40*4  7*7  6*3  8*7  3*0  14*2  9*0  6 0“3*7 
Leaves  60*0  0*7  3*2  14*3  — 9*0  9*0  1*0  1*7 


Wynter  Blyth  (Foods,  359,  1909)  gives  as 
the  main  differences  between  the  ashes  of  coffee 
and  chicory,  the  following  : — 


Coffee  ash 

Silica  and  sand  . — 

Carbon  dioxide  . 14*9 

Ferric  oxide  . . 0*44-0*98 

Chlorine  . . 0*26-1*1 

Phosphoru  s pentoxide  10*0-11*0 


Chicory  ash 
10*7-35*9  p.c. 
1*8-3  2 „ 

3*1-53  „ 

3*3-4  9 „ 

5 *0-6*0  „ 
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The  soluble  ash  of  chicory  may  be  taken  as 
about  1‘74  p.c.,  that  of  coffee  as  about  3‘0  p.c. 

Chicory  has  about  three  times  the  tinctorial 
power  of  ordinary  coffee,  and  this  has  been  pro- 
posed as  the  basis  for  a rough  estimation  of  the 
amount  of  chicory  present  in  a mixture  of  coffee 
and  chicory  (Leebody,  Chem.  News,  30,  243). 

The  sp.gr.  at  15 ‘5°  of  a solution,  made  by 
boiling  a quantity  of  the  substance  with  ten 
times  its  weight  of  water,  affords  a ready  method 
of  approximately  determining  the  amount  of 
adulteration.  The  following  table  gives  the 
specific  gravities  of  infusions  made  in  this  way 
from  the  various  substances 


Spent  tan 

. 1-00214 

Acorns 

. 1-00730 

Peas  .... 

. 1-00730 

Mocha  coffee 

. 1-00800 

Ceylon  coffee 

. 1-00870 

Java  coffee 

. 1-00870 

Costa  Rica  coffee  . 

. 1-00900 

Native  Ceylon  coffee 

. 1-00900 

Brown  malt 

. 1-01090 

Black  malt  . 

. 1-02120 

Dandelion  root 

. 1-02190 

Red  beet  . . . . 

. 1-02210 

Yorkshire  ehicory  . 

. 1-01910 

Foreign  chicory 

. 1-02260 

Guernsey  chicory  . 

. 1-02326 

Maize  .... 

. 1-02530 

Bread  raspings 

. 1-02630 

(quoted  by  Wynter  Blyth,  Foods,  360). 


Hehner  and  Skertchly  propose  a determina- 
tion of  furfural  (a  measure  of  pentosans)  as  a 
means  of  examining  suspected  coffee.  Coffee 
gives  about  5-5 '5  p.c.,  chicory  about  2 '5  p.c. 
of  pentosans  (Analyst,  24,  178).  H.  I. 

CHILE  SALTPETRE.  Sodium  nitrate  (v. 
Sodium). 

CHINA  BLUE.  Syn.  Water  Blue,  Cotton  Blue, 
Opal  Blue  v.  Triphenylmethane  colouring 

MATTERS. 

CHINA  CLAY  or  KAOLIN  v.  Clay. 

CHINA  GRASS.  Rhea  Ramie  fibre.  This 
substance  is  the  fibre  of  two  (or  perhaps  more) 
species  or  varieties  of  the  genus  Boehmeria,  nat. 
ord.  Urticacece,  shrubs  allied  to  the  nettle 
( Urtica),  but  possessing  no  stings,  namely, 
Boehmeria  nivea  (Hook  and  Arn.)  with  a white 
hairy  under  surface  to  the  leaf,  and  B.  utilis 
[B.  tenacissima  (Gaud.)]  with  a green  (Blume) 
under  surface  (more  or  less  hairy  only  on  the 
nerns)  to  the  leaf.  It  is  the  Tchou-ma  of  China 
and  the  Rheea  of  Assam.  The  plants  grow  to 
a height  of  from  three  to  five  feet,  throwing  up 
numerous  straight  shoots  as  thick  as  the  little 
finger,  and  covered  with  short  soft  hairs.  Its 
leaves  grow  upon  long  foot-stalks  and  are 
broadly  heart-shaped,  about  six  inches  long 
by  four  broad.  It  is  a native  of  China  and 
Sumatra,  where,  as  in  India,  it  has  long  been 
cultivated. 

Its  manufacture  into  mats  used  for  making 
sails,  foot-mats,  &c.,  is  carried  on  in  Southern 
China,  where  three  crops  of  Tchou-ma  are  taken 
each  year,  of  which  the  second  is  the  best.  For 
this  purpose  the  grass  is^sorted  into  bundles, 
which  are  soaked  in  water  for  two  or  throe  days 
and  then  dried  in  the  sun.  If  a red  colour  is 
desired,  the  grass  is  steeped  in  a decoction  of 
sapan  wood  ; if  yellow,  in  a decoction  of  the  seeds 


and  flowers  of  the  common  Chinese  plant  mi-fa, 
or  in  one  of  Sophora  japonica,  to  which  a little 
alum  is  added  as  a mordant.  Other  vegetable 
dyes  are  also  employed ; but  of  late  years 
aniline  colours  have  in  a measure  taken  their 
place. 

By  processes  of  manufacture  an  exceedingly 
fine  fibre  is  produced  on  separating  the  filaments 
of  the  stalk — a fibre  distinguished  by  its  strength, 
which  is  nearly  three  times  that  of  Russian 
hemp  ; by  its  length,  which  is  greater  than  that 
of  any  bast  product ; and  by  its  lustrous,  silky 
appearance.  Great  efforts  have  been  made,  with 
more  o^'  less  success,  to  render  the  use  of  the 
fibre  in  European  textile  manufactures  commer- 
cially profitable.  It  will  be  seen  from  the  fol- 
lowing remarks  that  there  are  difficulties  in  the 
way.  In  the  first  place,  the  method  of  separat- 
ing the  bast  by  hand  was  tedious,  and  could  only 
be  performed  whilst  the  stems  were  quite  fresh, 
thus  limiting  its  production  to  the  immediate 
neighbourhood  of  the  plant’s  growth.  In  China 
the  bark  is  stripped  from  the  stems  and  the  fibre 
scraped  off  with  a knife,  a process  which  removes 
the  whole  so-called  grass  if  performed  while  the 
stem  is  still  quite  fresh,  but  leaves  a large  por- 
tion if  it  has  become  at  all  dry.  Even  under 
the  best  conditions  a very  skilful  operator  can 
collect  only  two  pounds  of  grass  per  day,  the 
average  quantity  obtained  being  only  half  a 
pound  to  one  pound.  It  is  further  found  that, 
owing  to  the  large  amount  of  pectinic  substances 
contained  in  these  Urticacece,  the  long  steeping 
or  retting  processes  used  with  flax  and  hemp 
cannot  be  practised  on  account  of  the  ensuing 
excessive  fermentation,  which  injures  the  fibre. 
Experiments  made  in  India  with  unskilled 
workers  gave  about  four  ounces  per  day  each  as 
the  result  of  their  labour.  Attention  has  conse- 
quently been  given  to  mechanical  processes  for 
separating  the  fibres  from  the  bark  in  the  green 
and  in  the  dry  state.  With  this  in  view,  the 
India  Office  some  years  ago  submitted  samples 
of  the  dried  article  to  Dr.  Forbes  Watson,  who 
reported  that  he  did  not  find  it  at  all  difficult  to 
obtain  the  fibre  from  stems  which  were  quite 
dry.  The  difficulty  in  the  case  of  India  is  that 
the  best  crops  are  obtained  during  the  rainy 
season,  when  it  is  all  but  impossible  to  dry  the 
stems  except  by  expensive  artificial  means ; 
while,  as  above  pointed  out,  the  liability  of  the 
plant  to  ferment  resulted  in  the  spoiling  of  the 
crops  when  its  treatment  was  delayed.  The 
Government  of  India  has  followed  up  its  in- 
quiries and  encouraged  inventors  to  competition 
in  producing  a machine  capable  of  dealing  with 
the  green  crop.  It  may  be  said  that  this  en- 
couragement has  resulted  in  an  approximation 
to  success ; thus,  in  one  instance  of  a machine 
consisting  of  a cylinder  with  beaters  revolving 
at  a high  speed  against  the  stems  upon  which 
meanwhile  a jet  of  water  is  poured.  Dr.  Watson 
estimated  the  cost  of  producing  the  fibre  to 
average  41.  to  51.  per  ton.  The  yield  from  the 
machine  was  from  1 to  2 tons  of  green  stalks 
per  day,  estimated  to  produce  about  100  lbs.  of 
cleaned  fibre. 

In  the  treatment  of  green  stalks  by  hand 
the  Favier’s  process  consists  in  subjecting  the 
plants  to  the  action  of  steam  for  15  to  30 
minutes,  after  which  the  bark  is  easily  stripped. 
Those  stems  also  which  have  been  standing 
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some  time  after  being  cut  can  also  be  treated 
without  leaving  any  appreciable  amount  of  fibre 
on  the  stalks. 

The  operation  of  scutching  the  dried  stems 
presents  no  difficulty  when  steam  power  is 
applicable  and  when  the  quantity  of  material  to 
be  treated  is  sufficiently  large.  The  next  pro- 
cess, however,  of  ‘ ungumming  ’ has  given  a little 
trouble.  Since  China  grass  contains  from  22  to 
28  or,  in  some  cases,  up  to  35  p.c.  of  gum,  it  is 
necessary  to  remove  this  constituent  of  the  fibre 
before  it  can  be  spun  into  yarn.  For  this  pur- 
pose many  partly  mechanical  and  partly  che- 
mical processes  have  been  devised.  It  may 
sufficiently  describe  the  lines  which  these  various 
systems  take  to  say  that  they  resemble  generally 
the  processes  adopted  in  the  scouring  and  bleach- 
ing of  cotton  goods — that  is  to  say,  by  subjecting 
the  material  to  pressure  under  the  application 
of  steam,  and  to  alternate  treatment  of  alkaline 
and  acid  agents. 

American  inventors  have  devised  means  by 
which  the  fibre  can  be  spun  in  ordinary  cotton 
machinery.  Rossi,  of  Naples,  has  patented  a 
method  jby  which  China  grass  can  be  retted 
without  chemical  agents.  When  chemically 
degummed  ramie  is  manufactured  in  com- 
bination with  cotton  and  dyed  and  printed,  the 
goods  possess  a silky  lustre  which  enhances  the 
colours  on  both  fibres. 

China  grass  has  little  or  no  attraction  for 
dyes,  and  consequently  the  methods  adopted  in 
the  dyeing  of  cotton  or  of  jute  are  applicable  to 
it.  It  is  found  that  mineral  colours,  such  as 
chrome  yellow  and  orange,  destroy  the  peculiar 
lustre  of  China  grass ; the  yellow  dye  obtained 
with  cadmium  sulphide,  however,  is  not  open  to 
this  objection.  Alizarin  mordanted  with  Turkey- 
red  oil  destroys  the  lustre,  whilst  aniline  colours 
fixed  with  the  same  mordant  do  not.  Rosaniline 
derivatives  and  azo-  colouring  matters  may  be 
used  satisfactorily.  It  is  recommended  that  the 
grass  should  be  dyed  immediately  after  retting 
and  before  spinning,  to  preserve  the  character- 
istic sheen. 

The  textiles  formerly  associated  with  China 
grass  were  such  articles  as  handkerchiefs  and 
‘ grass  cloths,’  imported  direct  from  China  ; but 
recent  efforts  to  introduce  the  manufacture  as 
well  as  the  growth  of  China  grass  into  Europe 
have  led  to  other  developments.  Thus  at  the 
manufactory  of  Zittau  in  Saxony,  the  fibre  has 
found  application  in  tapestry  and  dress  goods, 
table-cloths,  damasks,  lace,  fancy  knitting  yarns, 
&c.  It  is  also  used  in  the  manufacture  of  in- 
candescent gas-mantles. 

A number  of  other  species  of  Boelimeria  also 
supply  bast  fibres. 

CHINA  INK  V.  Indian  ink. 

CHINAPHENIN.  Trade  name  for  pheneti- 
dine-quinine  carbonic  ester.  Formed  by  treat- 
ing p-phenetidine  with  phosgene  and  combining 
the  product  with  quinine. 

CHINA-STONE.  A granitic  rock,  having  its 
folspathic  constituent  more  or  less  decomposed, 
but  not  completely  kaolinised,  and  with  an 
absence  of  coloured  minerals,  such  as  biotite 
and  tourmaline.  As  the  felspar  still  retains 
part  of  its  alkali,  and  as  some  micaceous  mineral 
is  generally  present,  the  stone  is  fusible ; hence 
it  is  largely  used  in  the  manufacture  of  porce- 
lain, and  when  free  felspa,r  is  not  introduced 


it  forms  the  only  vitrifiable  constituent  of  the 
paste.  China-stone  is  sometimes  known  ns 
‘ Cornish  stone  ’ in  consequence  of  its  being 
largely  quarried  in  Cornwall,  where  it  was  dis- 
covered by  W.  Cookworthy,  of  Plymouth,  about 
1750.  He  first  noticed  it  at  Tregonning  Hill, 
near  Breage,  and  described  it  under  the  local 
name  of  ‘ growan  ’ or  ‘ moor-stone.’  It  is  now 
obtained  principally  from  the  neighbourhood 
of  St.  Stephens,  near  St.  Austell.  In  this  area 
it  occurs  as  a local  modification  of  the  granite, 
and  is  sharply  marked  off  from  the  normal 
granite  and  from  the  china-clay  rock.  It  is 
too  hard  to  be  worked  like  the  china-clay  rock, 
and  has  to  be  blasted  and  quarried  like  ordinary 
granite,  in  fact  it  has  been  used  locally  as  a 
building  stone.  The  rock  requires  no  pre- 
paration, but  is  sent  direct  from  the  quarry 
to  the  potteries.  (For  an  account  of  the  occur- 
rence of  china-stone  in  Cornwall,  see  Mem.  Geol. 
Survey,  Bodmin  and  St.  Austell  District,  1909  ; 
and  the  Handbook  by  J.  A.  Howe,  quoted  below. ) 

The  following  commercial  varieties  are 
recognised  : — 

1.  ‘ Hard  purple,’  a hard,  white  rock  with  a 
faint  purplish  tinge  due  to  the  presence  of 
fluor-spar. 

2.  ‘Soft’  or  ‘Mild  purple,’  similar  to  the 
last,  but  softer. 

‘ Dry  white  stone,’  a soft,  white  variety.. 

4.  ‘ Buff  stone,’  similar  to  the  last,  but  iron 
stained. 

The  following  analyses  by  W.  Pollard  and 
E.  G.  Radley  are  given  by  J.  A.  Howe,  A Hand- 
book to  the  Collection  of  Kaolin,  China-clay 
and  China-stone  in  the  Museum  of  Practical 
Geology,  London,  1914.  I.  ‘ Hard  purple  ’ 
china-stone  from  Goonvean,  near  St.  Stephens  ; 

II.  ‘ Buff  ’ china-stone  from  the  same  locality  ; 

III.  China-stone  from  Jersey  (‘  Jersey  stone  ’). 


SiO. 

TiO; 

AI2O3 
FegO.T 

MnO 
CaO 
MgO 
K2O 
Na^O 
LigO 
H2O  (at  105°)  . 
HgO  (over  105‘ 
P2O5  . 

F . 

Cl  . 


I. 

II. 

HI. 

72-28 

73-18 

77-06 

0-05 

0-06 

0-08 

14-90 

16-13 

12-22 

0-50 

0-52 

0-47 

0-01 

0-02 

0-19 

1-66 

0-61 

0-16 

0-15 

0-14 

0-19 

5-25 

4-41 

5-07 

3-01 

2-18 

3-23 

0-02 

0-02 

trace  ? 

0-13 

0-20 

0-39 

0-68 

1-81 

0-37 

0-53 

0-45 

0-25 

0-88 

0-23  FeSg  0-30 

0-09 

— CO2  0-04 

100-07  99-96  100-02 


Jersey  stone  is  a decomposed  partly  kaolinised 
granite  quarried  in  Jersey.  Granite-pegmatite 
in  France  ; granite-aplite  at  Meldon,  near  Oke- 
hampton,  Devonshire  ; porphyrite  in  Saxony  ; 
liparite  in  Japan ; and  felsito  in  China  are  all 
rocks  that  are  aj)plied  for  the  same  purpose. 

It  has  been  proposed  by  J.  H.  Collins  (Hens- 
barrow  Granite  District,  Truro,  1878)  to  dis- 
tinguish china- stone  under  the  name  peUmzite, 
a word  suggested  by  the  Chinese  pe-tun-tse.  In 
the  early  part  of  the  18th  century  a Jesuit 
missionary  named  D’Entrecolles,  residing  at 
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King-to-chin,  sent  to  Reaumur,  in  Paris,  samples 
of  the  raw  materials  used  in  China.  These  were 
the  first  specimens  of  their  kind  that  had  ever 
reached  Europe,  and  they  led  to  the  foundation 
of  the  manufacture  of  porcelain  at  Sevres.  The 
china-stone  was  described  by  D’Entrecolles  as 
pe-tun-tse,  and  the  china-clay  as  kaolin  ; but  it 
appears  that  the  former  name,  if  not  both,  must 
have  been  erroneously  applied.  According  to 
the  Chinese  scholar,  Stanislas  Julien  (Hist,  et 
Fabric,  de  la  Porcel.  Chin.  Paris,  1856,  preface 
XX.),  'pe-tun  signifies  ‘ white  paste,’  while  tse  is 
merely  a diminutive  applied  to  the  material 
when  worked  up  into  small  cakes.  Hence,  pe- 
tun-se  is  really  the  name  of  small  blocks  of 
white  clay  or  prepared  paste,  and  not  of  the  gra- 
nitic rock.  Nevertheless,  custom  in  this  country 
has  justified  the  use  of  the  term  pe-tun-tse  as 
» synonymous  with  china-stone.  L.  J.  S. 

CHINEONAL.  Trade  name  for  a com- 
pound of  quinine  and  veronal.  Used  as  a 
hypnotic. 

CHINESE  BLUE,  {Porzellanblau,  Ger.) 
Several  compounds  are  sold  under  this  name,  of 
which  the  following  are  examples  : ultramarine 
and  flake  white ; cobalt  blue  and  white  lead ; 
and  a double  cyanide  of  iron  (Prussian  blue) 
{v.  Pigments). 

CHINESE  GREEN  or  LOKAO  v.  Lokao. 
CHINESE  LAKE  or  SCARLET  LAKE  y. 

Pigments. 

CHINESE  VEGETABLE  TALLOW  is  the 

hard  fat  which  coats  the  seeds  of  the  Chinese 
tallow  tree,  Stillingia  sebifera  (Willd.),  Stillingia 
sinensis,  Croton  sebiferuni,  Sapium  sebiferum, 
(Roxb.),  Exccecaria  sebifera  (F.  Mull),  Carumbium 
I sebiferuni),  a tree  growing  wild  in  China,  and 
; largely  cultivated  there,  as  also  in  Indo-China  and 
the  North  of  India,  where  the  tree  thrives  luxu- 
riantly. In  China  the  stillingia  tree  is  exploited 
for  both  its  leaves  and  seeds.  In  Tonkin  the 
tree  is  only  cultivated  for  the  sake  of  its  leaves, 
a decoction  of  which  furnishes  a colouring 
I matter  used  for  dyeing  silk.  In  China  the  fat  is 
only  a by-product.  The  tree  commences  to 
I produce  at  the  age  of  4-5  years,  and  when  it 
! has  reached  its  full  development  it  yields  about 
: 24-30  kilos,  of  seeds  a year.  The  fruit  yields 
: about  30  p.c.  of  a mixture  of  vegetable  tallow 
i and  of  stillingia  oil ; half  of  this  quantity  consists 
of  vegetable  tallow  alone,  and  the  other  half  of 
; stillingia  oil,  the  yield  of  the  latter  from  the 
i kernels  being  about  62  p.c.  The  fruit  consists 
! of  three  oval  seeds  surrounded  by  a thick  tallow- 
i like  mass,  the  true  vegetable  tallow.  This  is 
' recovered  by  placing  the  seeds  in  perforated 
cylinders  and  steaming  them,  so  that  the  fat 
I melts  and  runs  off.  Another  method  is  to  pass 
; the  seeds  between  fluted  rollers,  which  scrape 
i off  the  outer  fat  coating  without  breaking  the 
li  seed  proper.  The  scraped- off  mass  is  pressed 
;;  in  the  hot  primitive  wedge  presses,  and  sold 
under  the  Chinese  name  of  ‘ pi-ieou  ’ or  ‘ pi-yu  ’ ; 

!'  it  is  known  in  Europe  as  ‘ prima  ’ vegetable 
: tallow.  The  seeds  which  have  been  bared  from 
I their  fat  coating,  are  then  crushed  separately 
1 and  yield  the  stilhngia  oil,  a drying  oil  known  in 
China  as  ‘ tse-tieou  ’ or  ‘ ting-yu.’  In  another 
j,  process,  the  seeds,  together  with  their  coating  of 
f fat,  are  crushed,  and  thus  a mixture  of  vegetable 
r tallow  and  stillingia  oil  is  obtained.  The  product 
VoL  II.— 2’. 


thus  prepared  is  naturally  much  softer  than  the 
true  vegetable  tallow,  and  has  therefore  a lower 
melting-point  and  a much  higher  iodine  value. 
This  second  quality  is  sold  in  Europe  as  ‘secunda’ 
vegetable  tallow,  and  represents  a mixture  of 
‘ pi-yu  ’ and  ‘ ting-yu.’  It  is  sold  in  China  under 
the  name  ‘ mou-ieou.’ 

The  saponification  value  of  commercial 
samples  of  vegetable  fat  varies,  therefore,  accord- 
ing to  the  mode  of  preparation,  from  179  to  207. 
Similarly,  the  iodine  value  varies  considerably, 
and  numbers  ranging  from  19  to  32  have 
been  recorded.  The  composition  of  vegetable 
tallow  has  not  yet  been  definitely  ascertained. 
Stearic  acid  is  absent  (Hehner  and  Mitchell),  and 
it  is  probable  that  the  fat  consists  in  the  main  of 
palmitin  and  olein. 

The  oil  has  an  iodine  value  of  about  155,  and 
yields  20  p.c.  of  an  insoluble  bromide  (m.p.  147°), 
whereas  the  fat  does  not  form  an  insoluble  com- 
pound with  bromine. 

Vegetable  tallow  plays,  in  China,  an  impor- 
tant role  as  an  article  of  commerce  ; it  is  largely 
used  in  the  manufacture  of  candles.  During 
recent  years  considerable  quantities  have  been 
exported.  The  bulk  of  the  vegetable  tallow  is 
used  in  the  candle  and  soap  industries.  Accord- 
ing to  Diedrichs  (Zeitsch.  Nahr.  Genussm.  1914, 
27,  132)  the  fat,  if  properly  purified,  can  be  used 
for  food,  but  soon  acquires  a bitter  taste  and 
j unpleasant  odour.  It  is  frequently  adulterated 
by  the  Chinese.  J.  L. 

CHINESE  WAX  or  INSECT  WAX  z;.  Waxes. 
CHINESE  YELLOW  {King^s  yellow)  v.  Pig- 
ments. 

CHINOCOL.  Trade  name  for  a compound 
of  hydroxyquinoline  and  potassium  sulphate ; 
used  as  an  antiseptic  and  disinfectant,  v. 
Chinosol. 

CHINOFORM.  Trade  name  for  quinine 
formate. 

CRINOLINE  V.  Quinoline. 

CHINOSOL.  Tradename  for  the  potassium 
salt  of  8-hydroxyquinoline-5-sulphonic  acid 
CgHgNOSOaKjHgO,  a pale -yellow  crystalline 
powder  with  a saffron-like  smell  and  a burning 
taste;  m.p.  175°-177'5° ; readily  soluble  in 
water,  sparingly  soluble  in  alcohol,  insoluble  in 
ether  ; with  ferric  chloride  gives  an  intense  green 
colour,  yellowish  needles  with  copper  salts,  and 
a white  precipitate  with  barium  chloride.  Used 
as  an  antiseptic.  At  a concentration  of  1 in 
1000  its  solutions  possess  as  great  a bactericidal 
action  as  mercuric  chloride  solutions  of  the  same 
strength. 

CHINOTROPIN.  Trade  name  for  urotro- 
pine  quinate. 

CHINOVOSE  V.  Caebohydrates. 

CHIOLITE.  A double  fluoride  of  aluminium 
and  sodium  3AlF3‘5NaF,  closely  akin  to  cryolite 
AlF3'3NaF,  but  crystallising  in  the  tetragonal 
system.  Found  at  the  Ilmen  Mountains  in  the 
Southern  Urals  and  with  crystals  in  Greenland. 

L.  J.  S. 

CHIRETTA.  Chirata,  B.P.  Is  the  plant 
Swertia  chirata  (Buch.  Ham.)  collected  when  in 
flower  and  dried.  Japanese  chiretta  is  Swertia 
chinensis  (Franchet).  Hohn  (Archiv.  d.  Pharm. 
1869, 215)  found  two  bitter  constituents  in  Indian 
chiretta,  viz.  chiratin  and  ophelic  acid. 

CHITENINE.  An  oxidation  product  of 

N 
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quinine,  found  in  the  urine  after  the  adminis- 
tration of  quinine.  Crystallises  from  dilute 

alcohol  in  prisms,  m.p.  281°— 282°  122'6°. 

CHITIN,  CHITOSE  v.  Carbohydrates. 

CHLOANTHITE.  Native  nickel  arsenide, 
NiAs,,  isomorphous  with  smaltite  (CoAsg)  {<1-'^), 
there  being  no  sharp  line  of  demarcation  between 
the  two  species.  Found  as  cubic  crystals  and 
compact  masses  at  Schneeberg  in  Saxony  and 
Riechelsdorf  in  Hesse,  where  it  was  formerly 
mined  as  an  ore  of  nickel.  L.  J.  S. 

CHLORACETIC  ACIDS  v.  Halogen  acetic 

ACIDS. 

CHLORAL  TricJilor acetaldehyde  CClg'CHO. 

Chloral  was  first  prepared  by  Liebig,  who 
obtained  it  by  the  continuous  chlorination  of 
absolute  alcohol  (Annalen,  1,  189).  It  was 
further  examined  by  Dumas  (Ann.  Chim.  Phys. 
[2]  56,  125),  who  determined  its  composition, 
and  by  Stadeler  (Annalen,  61,  101).  Although  a 
chlorinated  aldehyde,  it  cannot  be  prepared  by 
treating  acetaldehyde  with  chlorine,  unless  water 
is  present  together  with  calcium  carbonate  to 
neutralise  the  hydrogen  chloride  formed,  since 
butyric  chloral  results  when  dry  materials  are 
employed  (Pinner,  Ber.  4,  256). 

Industrial  preparation.  The  process  by 
which  chloral  is  manufactured  is  divided  into 
three  stages  : the  preparation  of  chloral  alco- 
holate  ; conversion  of  this  into  chloral ; and  the 
formation  of  chloral  hydrate. 

In  a large  glass  balloon  60  kilos,  of  alcohol, 
as  completely  dehydrated  as  possible,  are 
subjected  to  the  action  of  a current  of  chlorine, 
the  escaping  hydrochloric  acid  being  absorbed 
by  water.  The  introduction  of  the  chlorine 
lasts  a considerable  time,  in  some  works  10  to 
14  days.  At  first  the  balloon  must  be  cooled, 
for,  if  the  temperature  is  not  properly  regulated, 
the  yield  is  much  reduced.  After  a time  the 
reaction  becomes  less  violent ; the  mixture 
is  then  warmed  to  60°,  and  finally  to  100°. 
When  the  liquid  is  completely  soluble  in  water, 
the  current  of  chlorine  is  stopped,  and  on 
cooling,  a white  mass  of  the  alcoholate  is  ob- 
tained. In  this  operation  Springmuhl  recom- 
mends the  use  of  iodine  as  a chlorine  carrier  ; 
Page,  the  addition  of  crystallised  ferric  chloride 
(Annalen,  1884,  225,  209)  ; and  in  either  case 
the  ethyl  halide  is  easily  recovered. 

In  the  ordinary  process  the  chlorinated 
liquid  is  not  allowed  to  cool,  and  is  trans- 
ferred to  an  enamelled  still  holding  150-200 
kilos. , where  an  equal  volume  of  strong  sulphuric 
acid  is  added  in  small  quantities.  The  tempera- 
ture is  raised  to  boiling,  the  condensed  vapours 
being  returned  to  the  still.  During  the  ebulli- 
tion there  is  an  evolution  of  hydrochloric  acid 
o^as,  the  cessation  of  which  indicates  the  termina- 
tion  of  the  decomposition  of  the  alcoholate. 
Fractional  distillation  follows,  this  ceasing  when 
the  thermometer  has  reached  100°.  The  distil- 
late is  again  rectified,  the  portion  coming  over 
above  94°  being  pure  chloral.  In  some  works 
the  final  purification  is  carried  out  by  distilling 
over  chalk  or  sodium  bicarbonate.  Ethylene 
dichloride,  ethylidene  chloride,  and  chlorinated 
ethylene  dichloride  (b.p.  115°)  are  also  formed  as 
by-products  in  this  reaction  (Kramer,  Ber.  3, 
257). 

The  chloral  is  shaken  with  the  theoretical 


quantity  of  water  and  the  product  of  the 
reaction  at  once  poured  over  a smooth  surface, 
when  it  solidifies ; in  this  state  it  is  sent 
into  commerce.  To  obtain  crystals  the  warm 
mass  (heat  is  disengaged  in  this  reaction)  is 
mixed  with  one-third  of  its  volume  of  chloroform, 
and  the  mixture  allowed  to  cool  in  closed  vessels  ; 
crystallisation  is  complete  in  a week.  The 
mother  liquors  serve  for  a second  crystallisation, 
and  the  crystals  are  dried  at  the  ordinary 
temperature.  Fliickiger  (Zeitsch.  Chem. 
[2]  6,  432)  recommends  crystallisation  from 
warm  carbon  disulphide  or  turpentine,  and 
Martins  from  benzene.  Other  methods,  which 
have  been  described,  differ  from  the  preceding 
in  that  the  chlorinated  mixture,  after  solidifica- 
tion and  pressure,  is  sublimed  or  distilled  with 
calcium  chloride  (Detsenyi,  Dingl.  poly.  J.  209, 
224  ; Trillat,  J.  Pharm.  Chim.  5,  218), 

The  following  method  has  been  devised  for 
the  continuous  production  of  chloral.  Chloral 
and  its  hydrate  are  the  most  volatile  products 
of  the  action  of  chlorine  on  alcohol,  and  may 
therefore  be  removed  by  continuous  distillation. 
A special  apparatus  is  described ; chlorine  and 
chlorinated  alcohol  are  introduced  into  a vessel 
heated  in  a water-bath,  from  which  the  vapours 
pass  into  a second  and  then  into  a third  heated 
vessel.  The  residual  chlorine  is  absorbed  in  a 
cylinder  provided  with  baffle  plates.  The 
rectifier,  which  also  acts  continuously,  is  provided 
with  baffle  plates  ; it  is  fed  at  the  middle  with 
chloral,  and  at  the  top  with  sulphuric  acid 
(66°  B.).  The  final  rectification  is  carried  out 
as  already  described.  The  same  apparatus  may 
be  used  for  converting  chloral  into  chloroform 
(Besson,  Eng.  Pat.  17202;  U.S.  Pat.  774151  ; 
J.  Soc.  Chem.  Ind.  1901,  1139). 

Chloral  is  formed  when  ethyl  alcohol  is 
allowed  to  drop  into  the  anode  compartment 
of  a cell  in  which  an  alkaline  chloride  is  being 
electrolysed. 

Theories  to  explain  the  action  of  chlorine  on 
alcohol  and  the  subsequent  production  of  chloral 
have  been  proposed  by  Lieben  (Ber.  3,  910)  ; 
Wurtz  and  Vogt  (Compt.  rend.  74,  777) ; Jacob- 
sen (Ber.  15,  601) ; and  Brochet  (Bull.  Soc.  chim. 
17,  [3]  228). 

Chloral  is  a colourless  pungent  liquid,  which 
solidifies  at  — 75°(Berthelot,Ann.  Chim.  Phys.[5], 
12,  536),  at  — 57'5°  (VanRossem.  Zeitsch.  physi- 
kal.  Chem.  1908,  62,  681);  and  is  readily  soluble  in 
water,  alcohol,  and  ether.  Its  b.p.  is  97*7°  (corr.) 
and  sp.gr.  1 ‘54175  at  0°  (Passavant,  Chem.  Soc. 
Trans.  39,  55  ; Thorpe,  ibid.  37,  191);  b.p.  96°-97° 
at  750  mm.,  and  sp.gr.  1‘5121  at  20°/4°  (Briihl, 
Annalen,  203,  11);  b.p.  97°  at  740  mm.  (Van 
Rossem,  lx.).  Three  hydrates  exist : (1)  a semi- 
hydrate 2C2HCl30,H20  ; true  m.p.  is  about  49°, 
the  highest  observed  80°  ; (2)  the  ordinary  mono- 
hydrate existing  in  two  pseudo-symmetrical 
modifications  ; true  m.p.  47 '4°,  highest  observed 
54°;  (3)  a heptahydrate,  m.p.  —14°  (Pope, 
Chem.  Soc.  Proc.  1896,  142  ; and  Van  Rossem, 
I.C.).  According  to  Wolf  (J.  Phys.  Chem.  4,  21)  ; 
there  is  only  one  modification,  the  difference  in 
melting-points  being  due  to  dissociation.  Nas- 
cent hydrogen  reduces  it  to  aldehyde  (Per- 
sonne,  Annalen,  157,  113),  which  it  closely 
j resembles  in  reducing  ammoniacal  silver  nitrate 
’ solution  (Stadeler,  Annalen,  106,  253),  and  in 
forming  crystalline  compounds  with  sodium 
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disiilpliite  {ibid).  ; with  ammonia  (v.  chloral 
ammonium)  ; with  hydrogen  cyanide  (Bischotf 
and  Pinner,.  Ber.  5,  113;  Annalen,  179,  77); 
with  amides  (Wallach,  Ber.  5,  251;  Sulzberg, 
D.R.P.  198715  ; J.  Soc.  Chem.  Ind.  1908,  958)  ; 
and  with  amines  (Wallach,  l.c.  ; Riigheimer, 
Ber.  1906,  1653 ; Wheeler,  Anier.  Chem.  J. 
1902,  1063  ; 1908,  136  ; 1909,  937). 

When  heated  with  aqueous  alkalis  it  decom- 
poses into  chloroform  and  an  alkaline  formate, 
and  a similar  reaction  occurs  when  alcoholic 
potash  or  soda  is  employed  (Kekule,  Annalen, 
119,  188).  Chlorine,  bromine,  or  iodine  and 
aluminium  chloride  convert  chloral  into  hexa- 
chlorethane  (Mouneyrat,  Bull.  Soc.  chini.  17,  [3] 
796).  Fuming  nitric  acid  converts  it  into  trichlor- 
acetic acid,  and,  according  to  Grabowski  (Ber. 
6,  225),  fuming  sulphuric  acid  combines  with  it 
in  the  cold,  but  on  heating  converts  it  into 
chloralide  CgHgClgOa  (compare  Grabowski,  Ber. 
8,  1433;  Stadeler,  Annalen,  61,  114;  Wallach, 
ibid.  193,  1).  Chloral  condenses  with  succinic 
acid  by  means  of  acetic  anhydride  to  form 
trichloromethylparaconic  acid  (Fittig  and  Miller, 
ibid.  25o,  43). 

Derivatives.  Chloral  ammonium  C2H4CI3NO 
is  prepared  by  the  action  of  aminonia  on  a 
solution  of  chloral  in  chloroform  (Schiff,  Ber. 
10,  167).  It  is  a white  crystalline  solid,  resem- 
bling chloral  hydrate  in  taste  and  colour ; it 
melts  at  64°,  and  is  slightly  soluble  in  water,  more 
readily  soluble  in  alcohol  (Personne,  Annalen, 
157,  113;  Compt.  rend.  71,  228).  Nesbit 
recommends  . the  use  of  chloral  ammonium 
instead  of  urethane  and  chloral  hydrate,  since 
the  action  of  chloral  hydi’ate  on  the  respiration 
centres  and  the  heart  is  retarded  by  the  introduc- 
tion into  that  compound  of  an  amino-  group 
(J.  Soc.  Chem.  Ind.  1889,  413  ; 1890,  889).  By 
heating  chloral  ammonium  on  the  water- bath, 
chloroform  and  ammonia  distil  off,  and  the 
residue  consists  of  formamide  and  chloralimide 
C2H2CI3N,  the  latter  of  which  is  extracted  with 
alcohol,  /sochloralimide  is  also  formed,  and 
according  to  Schiff  (Gazz.  chim.  ital.  21,  490), 
dimolecular  and  trimolecular  -imides  exist. 
Chloralimide  can  also  be  prepared  by  heating 
chloral  and  chloral  ammonium  until  chloroform 
is  no  longer  evolved,  and  by  the  reaction  between 
chloral  hydrate  and  ammonium  acetate  (Schiff, 
l.c.  ; Pinner  and  Fuchs,  Ber.  10,  1068  ; Arends, 
Chem.  Ind.  16,  78  ; Behai  and  Choaz,  Compt. 
rend.  109,  817  ; 110,  1270).  It  has  remarkable 
antipyretic  and  analgesic  projjerties.  Other 
chloralimido  compounds  have  been  described 
by  Moschelles  (Ber.  24,  1803). 

Chloralamide  or  chloral  formamide  C3H4CI3NO2 
is  produced  by  gently  heating  chloral  and  forma- 
mide in  molecular  proportions  (J.  F.  von  Mering, 
Eng.  Pat.  7391  ; D.  R.  P.  50586  ; J.  Soc.  Chem. 
Ind.  1890,  413).  When  recrystallised,  it  forms 
colourless  crystals  melting  at  115°-116°  ; it  is 
soluble  in  9 parts  of  water,  or  in  1^  parts  of 
96  p.c.  alcohol.  It  is  without  smell,  and  has 
a slightly  bitter  taste  ; when  heated  above  60°, 
it  is  decomposed  ; aqueous  or  alcoholic  solutions 
are  unaffected  by  weak  acids  or  by  silver  nitrate, 
but  are  rapidly  decomposed  by  alkali  hydroxides, 
more  slowly  by  alkali  carbonates.  As  a hypnotic 
it  has  been  proved  superior  to  chloral  hydrate, 
and  is  of  most  value  in  cases  of  nervous  insomnia 
and  similar  disorders  (Hagner  and  Hiibner), 


j Weiner  Med.  Presse,  1899,  1361).  It  has  no 
j corroding  action,  does  not  affect  the  digestion, 
j nor  disturb  the  heart.  It  may  be  taken  inter- 
nally as  a powder,  prepared  by  triturating 
, 1-3  grams  of  the  amide  with  1 gram  of  fennel- 
j oil  sugar  {ElloeosaccJiarum  Fceniculi)  (Merck’s 
Bull.  1889,  85). 

Chloralose  C8H44Cl30g  is  obtained  by  heating 
I equal  parts  of  chloral  and  glucose,  both  anhy- 
j drous,  on  the  water- bath.  The  vitreous  mass 
is  boiled  with  water  to  remove  the  chloral,  and 
the  concentrated  aqueous  solution  deposits  a 
crystalline  compound,  from  which  chloralose  is 
extracted  by  alcohol.  On  treating  the  residue 
with  ether,  a compound  isomeric  with  chloralose, 
termed  'parachloralose,  is  obtained.  Chloralose 
melts  at  187°,  and  is  a powerful  hypnotic  ; whilst 
parachloralose  melts  at  227°,  and  possesses  no 
hypnotic  properties.  By  oxidising  these  com- 
pounds with  nitric  acid,  followed  by  potassium 
permanganate,  the  corresponding  chloralic  acids 
are  obtained;  m.p.  212°  and  202°  respectively 
(Hanriot  and  Ricliet,  Bull.  Soc.  chim.  [3]  11, 
37;  12,  303;  Compt.  rend.  116,  63;  122, 

1127;  148,  1265;  Meunier,  ibid.  122,  142; 

Petit  and  Polonovski,  Bull.  Soc.  chim.  3,  [3] 
861). 

Chloral-acetonechloroform  CgHgOaCle  is 
prepared  by  heating  molecular  quantities  of 
chloral  and  acetonechloroform.  It  melts  at 
65°,  and  has  a faint  odour  and  taste  resembling 
camphor  (Holfmann-Laroche,  U.S.  Pat.  778277  ; 
J.  Soc.  Chem.  Ind.  1905,  150). 

Chloral-bromal-carbamide  is  obtained  by 
mixing  urea  with  molecular  quantities  of  chloral 
and  bronial,  or  equivalent  quantities  of  their 
hydrates  in  the  presence  of  concentrated  hydro- 
chloric or  sulphuric  acid  (Kalle  & Co.  D.  R.  P. 
128462  ; Chem.  Zentr.  1902,  d.  547).  Chloral 
I hydi-ate  in  saturated  aqueous  solution  combines 
with  urotropine  and  caffeine,  forming  in  each 
case  two  compounds  according  to  the  proportions 
of  the  reagents  employed. 

M o7iochloralurotropine,  06H42N4,C2HOCl3,H2O, 
crystallising  in  rhombohedra,  and  dichloral- 
urotropme,  C(5H42N4,(C2H0Cl3,H20)2,  crystal- 
lising in  needles,  resemble  one  another  in  their 
properties.  They  are  colourless  and  odourless, 
and  very  soluble  in  alcohol  and  water.  They 
volatilise  at  about  100°  without  melting.  They 
are  both  neutral  substances,  which  reduce  copper 
solutions  and  ammoniacal  silver  nitrate.  With 
mineral  acids  they  yield  formaldehyde,  and  with 
alkalis  the  chloral  is  attacked,  giving  chloroform 
in  the  cold  and  carbylamine  on  heating. 

Dichloralcaffeine, 

C3H4o02N4,H20,(C2HOCl3,H2)2, 

m.p.  72°-73°,  slowly  loses  1 mol.  of  chloral 
and  passes  into  'monochloral  caffeine,  C8lii„02N4, 
H20,C2H0Cl3,H20,  m.p.  92°-93°.  The  latter 
compound  dissolves  in  water,  and  in  solution 
slowly  dissociates,  the  caffeine  sej)arating  out. 
In  hot  alcoholic  solution  it  is  completely  dis- 
sociated. When  heated  at  100°  all  the  chloral 
is  driven  off,  leaving  pure  caffeine  (Leulier,  J. 
Pharm.  Chim.  1912  [vii.]  6,  18). 

The  following  condensation  products  of 
chloral  have  been  prepared : chloralacetone, 
chloralacetophenone,  and  chloraldol  (Gigli,  Gazz. 
chim.  ital.  28,  [2]  83  ; Konigs,  Ber.  1892,  792  ; 

; 1893,  554 ; Wislicenus,  Kircheisen,  and  Sattler, 
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ibid.  1893,  908)  ; carbonylchloraldehydes  (Farb. 
vorm.  F.  Bayer  & Co.  I).  R.  P.  121223,  Chem. 
Zentr,  1901,  ii.  69)  ; cliloral  nitrite  (Bertoni, 
Gazz.  chim.  ital.  24,  ii.  20)  ; the  compounds  with 
aminoazobenzene  (Betti,  ibid.  28,  241)  ; with 
amidooxybenzoic  esters  (Kalle  & Co.  D.  R.  P. 
112216  ; Chem.  Zentr.  1900,  ii.  791)  ; with 
aromatic  hydrocarbons  (Biltz,  Ber.  1893,  1952  ; 
Dinesmann,  Compt.  rend.  1905,  141,  201) ; with 
hexamethylenetetramine  (Lederer,  Eng.  Pat. 
17693  ; J.  Soc.  Chem.  Ind.  1897,  1039) ; with 
hydroveratine  (Frankforter,  Amer.  Chem.  J.  20, 
358)  ; with  methylpropanoldialkamino-  acids 
(Poulenc  Freres  & Fourneau,  Fr.  Pat.  382787  ; 
D.  R.  P.  203643  ; J.  Soc.  Chem.  Ind.  1908,  246)  ; 
with  menthol  and  terpinol  (Wagnitz,  Eng.  Pat. 
19103  ; J.  Soc.  Chem.  Ind.  1899,  856  ; Schmitt, 
Compt.  rend.  Soc.  Biol.  1890,  678) ; and  with 
resorcinol  (Causse,  Bull.  Soc.  chim.  3,  [3]  861  ; 
Hewitt  and  Pope,  Chem.  Soc.  Trans.  1896, 
1265). 

Polymerides.  Two  polymerides  of  chloral 
are  known,  an  insoluble  and  a soluble  substance. 
When  pure,  chloral  is  perfectly  stable,  but  traces 
of  impurities,  and  particularly  of  sulphuric  acid 
(Byasson,  Compt.  rend.  91,  1071)  convert  it  into 
7netacJiloral,  a white  amorphous  solid.  It  may  be 
prepared  by  leaving  chloral  hydrate  in  contact 
with  half  its  weight  of  concentrated  sulphuric 
acid  for  several  hours,  until  a pasty  mass  is 
formed.  After  pouring  off  the  acid,  the  residue 
is  introduced  into  a well-cooled  solution  of 
hydrochloric  acid,  and  the  product,  which  now 
becomes  solid,  is  washed  and  dried  over  sul- 
phuric acid.  Chloral  alcoholate  may  be  sub- 
stituted for  chloral  hydrate  in  this  preparation 
(Gartner,  D.  R.  P.  170534  ; Chem.  Soc.  Abstr. 
1906,  i.  628).  Another  method  is  to  add  7 
parts  of  anhydrous  aluminium  chloride  to  100 
parts  of  well-cooled  anhydrous  chloral,  the 
temperature  being  kept  below  40°.  In  the 
course  of  an  hour  the  whole  mass  solidifies. 
After  24  hours  the  hard  mass  is  broken  up, 
extracted  with  dilute  hydrochloric  acid,  washed 
with  alcohol,  and  dried  at  a moderate  temperature 
(Erdmann,  D.  R.  P.  139392  ; Chem.  Zeit.  27, 
[20]  223).  It  is  insoluble  in  alcohol,  ether,  water, 
and  acids,  but  soluble  in  sodium  carbonate 
solution.  On  warming  with  alcohol,  it  yields 
chloroform,  and  on  distillation  at  180°-250°  is 
reconverted  into  chloral  (Kolbe,  Annalen,  54, 
183  [footnote]).  It  is  tasteless,  and  can  be 
employed  as  an  ansesthetic ; unlike  chloral 
hydrate,  it  has  no  irritating  effect  on  the  mucous 
membrane  of  the  stomach. 

The  soluble  polymeride  is  obtained  by 
treating  chloral  with  pyridine  or  any  other 
amine  in  the  cold,  and  then  acidifying.  It  is  a 
slightly  volatile  ansesthetic  substance,  volatilis- 
'ing  without  melting,  converted  by  hot  water  or 
hot  alcohol  into  chloral  hydrate  and  chloral 
alcoholate  respectively,  and  decomposed  by 
alkalis  into  chloroform  and  formic  acid.  It  is 
soluble  in  water  (Gartner,  D.  R.  P.  165984  ; 
U.S.  Pat.  768744 ; Chem.  Soc.  Abstr.  1906,  i. 
481). 

Chloral  hydrate  CClg’CHO+H^O  or  CCI3' 
CH(OH),. 

Properties. — Chloral  hydrate  crystallises  in 
monoclinic  tables  (Groth,  Ber.  5,  676),  and  has 
a peculiar  odour  and  sharp  taste.  Its  m.p. 
is  57°  (Meyer  and  Bulk,  Annalen,  171,  75), 


47-40  (Van  Rossem,  Zeitsch.  physikal.  Chem. 
1908,62,681);  b.p.  97'5°  ; and  sp.gr.  1*818  (in 
powder)  and  1*848  (crystallised)  (Schroder, 
Ber.  12,  562).  It  dissolves  readily  in  water, 
1 part  of  water  dissolving  4*7  parts  of  chloral 
hydrate  at  17*5°  (Mauch,  Arch.  Pharm.  240,  113), 
alcohol,  ether,  chloroform,  turpentine,  and  light 
petroleum ; and  its  solubility  in  carbon  disulphide 
is  given  by  Fliickiger  (Z.c.)  as  1 in  45  at  15°-18°, 
and  1 in  4*5  at  the  boiling-point.  Concentrated 
sulphuric  acid  decomposes  it  into  chloral  and 
water,  and  alkalis  act  upon  it  as  upon  chloral. 
A modification  of  the  hydrate,  melting  at  80°, 
is  obtained  by  rapidly  evaporating  an  acetic  acid 
solution  of  anhydrous  chloral  over  sulphuric 
acid  (Meyer  and  Bulk,  l.c.) ; this  is  probably  the 
semihydrate  described  by  Van  Rossem  (L.c.). 
Under  the  influence  of  light  and  air,  chloral 
hydrate  is  decomposed,  the  decomposition  pro- 
ducts being  hydrochloric  acid  and  carbon  dioxide 
or  monoxide,  or  water,  chlorine,  and  carbon 
dioxide,  the  amount  of  available  oxygen  deter- 
mining the  products  (School  and  Van  den  Berg. 
Ph.  Weekblad.  43,  42). 

Chloral  hydrate  should  be  free  from  alcoholate, 
which  has  not  the  same  physiological  proper- 
ties ; and  when  warmed  with  twice  its  volume  of 
v/ater  it  should  give  a clear  solution,  free  from 
oily  drops  and  not  precipitated  by  silver  nitrate. 
When  carefully  heated,  it  should  volatilise  com- 
pletely, and  the  vapours  should  not  be  inflam- 
mable ; when  gently  warmed  with  3 vols.  of 
strong  sulphuric  acid  the  mixture  should  remain 
clear.  On  warming  chloral  hydrate  with  potas- 
sium hydroxide,  turbidity  is  caused  through  the 
separation  of  chloroform ; the  clear  portion  is 
decanted,  and  iodine  dissolved  in  potassium  iodide 
added.  So  soon  as  the  liquid  begins  to  turn 
yellow,  it  is  cooled,  when  the  presence  of  alcohol 
and  consequently  of  chloral  alcoholate,  is 
indicated  by  the  formation  of  a precipitate  of 
iodoform  (Trillat,  J.  Pharm.  Chim.  5,  218). 
Chloral  alcoholate  may  also  be  detected  by  the 
Zeisel  method  for  the  estimation  of  ethoxyl 
(Schmidinge,  Monatsh.  21,  36).  Chloral  hydrate 
is  converted  into  alcoholate  when  dissolved  in 
alcohol,  and  similarly,  chloral  alcoholate  is  very 
slightly  soluble  in  water,  dissolving  slowly  to  form 
chloral  hydrate.  Potassium  carbonate  is  a good 
antidote  to  chloral  poisoning,  if  it  has  not  reached 
the  blood  (Klar,  J.  Soc.  Chem.  Ind.  1896,  555). 

Physiological  Action. — Compare  Liebreich 
(Ber.  2,  269) ; Personne  (Compt.  rend.  78,  129)  ; 
Byasson  {ibid.  78,  649) ; Tomaszewicz  (ab- 
stracted, Chem.  Soc.  Trans.  1874,  814)  ; Tanret 
(J.  Pharm.  Chim.  [4]  20,  355)  ; and  Trillat 
{l.c).  Mering,  Zeitsch.  physiol.  Chem.  6,  1882, 
480.  According  to  the  last-named  authority  is 
reduced  to  trichlorethyl  alcohol  (CCl3*CH2*OH) 
in  the  body  and  not  into  chloroform,  as  suggested 
by  Liebreich,  who  first  proposed  its  use  as  an 
hypnotic. 

Estimation. — 4 grams  of  the  sample  are 
treated  with  30  c.c.  of  normal  caustic  soda  in  a 
stoppered  bottle,  and  shajcen  vigorously  for  a 
few  minutes  without  the  application  of  heat. 
On  titrating  back  with  normal  sulphuric  acid, 
using  litmus  as  an  indicator,  5*8  c.c.  should  be 
required  for  complete  neutralisation  (Alcock  and 
Thomas,  Pharm.  J.  63,  236  ; and  Sargeant,  ibid.). 
Owing  to  the  secondary  reaction  CHCl3  + 3NaOH 
=3NaCl-l-C0+2H20,  this  titration  with  acid  is 
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sJightly  inaccurate.  Modifications  of  the  method 
have  been  devised  by  Trillat  {l.c.) ; Hinrichs 
(Pharm.  J.  70,  530) ; Desgrez  (Compt.  rend.  125, 
780  ; Analyst,  23,  70)  ; Self  (Pharm.  J.  79,  4)  ; 
and  Gamier  (Chem.  Zentr.  1908,  i.  1492). 
Another  method  is  to  heat  0'3  gram  of  the 
sample  with  1 gram  of  aluminium  powder,  or 
2 '5  grams  of  zinc  filings,  15  c.c.  of  glacial  acetic 
acid,  and  40  c.c.  of  water  under  a reflux  con- 
denser for  half  an  hour.  The  mixture  is  filtered 
and  washed,  and  the  chlorine  estimated  volume- 
trically  or  gravimetrically  as  silver  chloride 
(Self,  l.c.).  Wallis  (Pharm.  J.  76,  162)  treats  the 
chloral  hydrate  with  caustic  soda  in  a bottle,  and 
then  estimates  the  chlorine  as  silver  chloride. 
Jt  may  also  be  determined  iodometrically  (Rupp, 
Arch.  Pharm.  241,  [5]  326). 

Chloral  hydrate  may  be  detected  by  means  of 
the  green  eolour  formed  on  the  addition  of 
antimony  trichloride  to  a solution  in  castor  oil 
(Covelli,  Chem.  Zeit.  31,  342)  ; or  by  the  colours 
formed  when  it  reacts  with  resorcinol  in  the 
presence  of  sulphuric  acid  (Jaworowski,  Zeitsch. 
anal.  Chem.  37,  60). . Another  method  is  to  add 
a solution  of  ammonium  sulphide,  when  a 
pinkish  or  yellow  precipitate  is  obtained,  and 
an  oil  having  the  odour  of  walnuts  (Lesinsky  and 
Grundlich,  Amer.  Chem.  J.  19,  603).  It  may 
also  be  detected  by  the  reducing  action  of  the 
formic  acid  into  which  it  may  be  converted. 
In  presence  of  compounds  containing  the  CCI3 
group,  e.g.  chloroform  and  trichloracetic  acid, 
the  substance  dissolved  in  water  and  slightly 
acidulated  with  sulphuric  acid  is  treated  with 
zinc  in  the  cold.  When  the  evolution  of  hydro- 
gen has  ceased,  a strip  of  filter  paper,  soaked  in 
a solution  of  sodium  nitroprusside  and  5 p.c. 
piperidine  solution  is  hung  over  the  liquid, 
which  is  gently  warmed,  when  the  acetaldehyde 
formed  colours  the  paper  blue.  1 part  of 
chloral  hydrate  in  20,000  may  thus  be  detected 
(Jona,  Giorn.  Farm.  Chem.  1912,  61,  57). 
Chloral  hydrate  is  valuable  for  extracting  alka- 
loids from  plants  containing  much  resin,  essential 
oils,  &c.  (Schaer,  Zeitsch.  anal.  Chem.  37,  469)  ; 
it  is  used  in  rubber  analysis  (Weber,  J.  Soc. 
Chem.  Ind.  1903,  576)  ; in  microchemical  in- 
vestigations (Schaer,  Chem.  Soc.  Abst.  1908,  i. 
62) ; and  in  qualitative  analysis  (Mauch,  Arch. 
Pharm.  240,  166). 

Derivatives. — Chloral  antipyrine  is  obtained 
by  the  condensation  of  chloral  hydrate  with 
antipyrine  (Bethal  and  Choaz,  Ann.  Chim.  Phys. 
27,  319). 

Chloral  caffeine  is  formed  when  chloral 
hydrate  and  caffeine  are  brought  together  in 
aqueous  or  alcoholic  solutions  in  molecular  pro- 
portions. It  is  recrystallised  from  warm  water 
at  30°,  and.  owing  to  its  easy  solubility  as  opposed 
to  the  difficult  solubility  of  caffeine,  is  of  medici- 
nal value  (Chem.  Fab.  auf  Act.  vorm  E.  Schering, 
D.  R.  P.  75847 ; J.  Soc.  Chem.  Ind.  1895,  987). 

Chloral  tannin  is  prepared  by  the  condensa- 
tion of  chloral  hydrate  with  tannin  in  the  presence 
of  sulphuric  acid.  It  is  a greyish-brown  amor- 
phous powder,  having  valuable  dermatological 
properties  (Farb.  vorm.  Fried.  Bayer  & Co. 
D.  R.  P.  98273  ; Eng.  Pat.  2882  ; J.  Soc.  Chem. 
Ind.  1899,  172). 

Chloraldoxime  is  prepared  by  treating  chloral 
hydrate  (1  mol.)  with  hydroxylamine  hydro- 
cliloride  (4  mols.)  and  a little  water ; m.p. 
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39°-40°  (Meyer,  Annalen,  264,  116;  Tarugi, 
Gazz.  chim.  ital.  21,  ii.  6). 

Chloralhydroxylamine  is  obtained  by  triturat- 
ing molecular  quantities  of  chloral  hydrate, 
sodium  carbonate,  and  hydroxylamine  hydro- 
chloride, dissolving  the  mass  in  a little  water, 
and  extracting  with  ether  ; m.p.  98°  (Hantzsch, 
Ber.  1892,  701). 

Compounds  with  formaldehyde  are  described 
by  Pinner  (Ber.  1898,  1926). 

Chloral  alcoholates.  The  preparation  of 
chloral  ethylalcoholate  has  already  been  described. 
It  may  also  be  obtained  by  the  action  of  chloral 
on  absolute  alcohol  (Martius  and  Mendelssohn, 
Ber.  3,  444).  It  crystallises  in  needles,  melts  at 
44°-46°  (Meyer  and  Bulk,  Annalen,  171,  78), 
at  46°  (Lieben,  Ber.  3,  907)  ; boils  at  115°  ; is 
sparingly  soluble  in  water,  more  soluble  in 
absolute  alcohol,  1 part  of  alcohol  dissolving 
4‘4  parts  of  chloral  alcoholate  at  17’5°  (Mauch, 
Arch.  Pharm.  240,  113).  Sulphuric  acid  decom- 
poses it  into  chloral  and  alcohol.  Chloral  propyl  - 
alcoholate,  b.p.  120°-122°,  and  chloral  ?',sopropyl- 
alcoholate,  m.p.  47°,  and  b.p.  108°,  have  been 
described  by  Gabutti  (Gazz.  chim.  ital.  31,  i. 
86),  and  Vitoria  (Chem.  Soc.  Abst.  1905,  i. 
110);  chloral  amylalcoholate  by  Gadamer 
(Arch.  Pharm.  243,  30),  and  Kalle  & Co. 
(D.  R.  P.  115251  ; Chem.  Zentr.  1900,  ii.  1141). 
Other  alcoholates  have  been  prepared  by 
Jacobsen  (Annalen,  157,  224),  and  Kuntze 
(Arch.  Pharm.  246,  91). 

Butyl  chloral  CHg-CHCl  CClyCHO ; more 
correctly,  tri-chlor-butyric-aldehyde  ; b.p.  164°- 
165°  at  750  mm.  ; sp.gr.  L3956  at  20°/4°  (Briihl, 
Annalen,  203,  20).  It  is  a colourless  oil,  having 
a characteristic  chloral  odour,  formed  b37'  the 
action  of  chlorine  upon  ordinary  aldehyde  or 
paraldehyde  (Kramer  and  Pinner,  Ber.  3,  383). 
Chloracetaldehyde  CHgCPCHO  is  first  formed, 
and  this  condenses  with  another  molecule  of 
acetaldehyde,  forming  a-chlorcrotonaldehyde 
CHg-CH  : CCkCHO  and  water,  and  this,  by  the 
action  of  more  chlorine,  forms  the  butyl  chloral. 

Preparation. — Chlorine  is  led  through  cooled 
paraldehyde  (or  aldehyde  cooled  by  a freezing 
mixture)  ; water  is  then  added,,  and  the  liquid 
neutralised  with  calcium  carbonate.  The  mix- 
ture is  then  distilled  on  the  oil-bath  in  a current 
of  steam,  and  the  hydrate  is  thus  obtained. 
This  is  then  purified  by  recrystallisation  from 
water,  and  decomposed  by  distillation  in  a stream 
of  hydrochloric  acid  gas  (Pinner,  Annalen,  179, 
26). 

Butyl  chloral  is  converted  by  fuming  nitric 
acid  into  aa/8-trichlorbutyric  acid.  Phosphorus 
pentachloride  converts  it  into  a body  C4H4CI4, 
which  boils  at  200°.  It  combines  with  zinc- 
ethyl  to  form  a compound  which  is  decomposed 
by  water  with  formation  of  trichlorobujdl  alco- 
hol. 

The  ammonia  compound 

CH3-CHC1-CC1/CH(0H)NH2 

m.p.  62°,  is  formed  by  leading  ammonia  into  a 
cooled  mixture  of  1 part  of  butylchloral,  and  14 
parts  of  chloroform  (Schiff  and  Tassinari,  Ber. 
10,  1783).  It  forms  a solid  mass,  insoluble  in 
water,  soluble  in  ether,  alcohol,  and  chloroform. 
Is  readily  decomposed  on  heating. 

Butyl  chloral  has  a strong  affinity  for  water, 
and  readily  forms 


182 


CHLORAL. 


Butylchloral  hydrate  CHa-CHCl-CCla-CHO 
+ H2O.  This  compound,  which  is  also  known 
as  butyl  chloral,  is  prepared  by  passing  chlor- 
ine into  paracetaldehyde  (Freundler,  Compt. 
rend.  143,  682).  It  forms  white  crystalline 
trimetric  plates  of  a peculiar  odour,  with 
difficulty  soluble  in  cold,  more  readily  in  hot 
water ; very  readily  soluble  in  alcohol ; m.p. 
78°,  with  partial  dissociation,  and  sp.gr.  1‘694 
(Schroder,  Ber.  12,  662).  For  some  years  after 
its  discovery  in  1870,  it  was  regarded  as  croton- 
chloralhydrate.  It  is  decomposed  by  distilla- 
tion into  the  chloral  and  water.  Alcohol  and 
potassium  cyanide  convert  the  hydrate  into 
ethyl  a-chlorcrotonate.  Zinc  and  hydrochloric 
acid,  or  zinc-dust  and  water,  produce  mono-chlor- 
crotonaldehyde,  and  finally  crotonaldehyde 
(Sarnow,  Annalen,  164,  108).  With  acetic  acid 
and  iron  filings,  butyraldehyde,  normal  butyl 
alcohol,  and  crotonyl  alcohol  are  produced  (Lie- 
ben  and  Zeisel,  Monatsh.  1,  840).  It  is  a valuable 
anodyne  in  cases  of  neuralgia,  facial  rheuma- 
tism, periostitis,  &c.  The  following  composition 
is  recommended : butyl  chloral  hydrate,  2-5 
grams  ; alcohol,  10  grams  ; glycerol,  20  grams  ; 
and  distilled  water,  120  grams  (J.  Soc.  Chem. 
Ind.  1889,  476  ; 1890,  889).  It  is  frequently 
adulterated  with  the  cheaper  chloral  hydrate, 
from  which  it  may  be  distinguished  by  the 
following  reaction  : A solution  of  pyrogallol  in 
pure  65  p.c.  sulphuric  acid  gives,  when  gently 
and  carefully  warmed,  a blue  colour  with  chloral, 
a ruby  colour  with  butyl  chloral  and  a more  or 
less  violet-to-blue  colour  with  mixtures  of  the 
two  compounds.  On  addition  of  a large 
quantity  of  water,  the  blue  colour  obtained  with 
chloral  changes  to  yellowish-brown,  and  the 
ruby  colour  obtained  with  butyl  chloral  to  a 
more  or  less  deep-violet  colour  (Oalbutti,  J.  Soc. 
Chem.  Ind.  1894,  273). 

Derivatives.  — B utylchloralantipyrin e,  yellow 
crystals,  m.p.  70°-71°  (Calderato,  Chem.  Zentr, 
1902,  ii.  1387) ; butylchloraldoxime  (Tarugi, 
Gazz.  chim.  ital.  21,  ii.  6). 

CHLORALAMIDE.  Syn.  for  chloral  form- 
amide  CCI3— CH'NH'CHO  used  as  a hypnotic 

in 

and  sedative. 

CHLORALUM  v.  Disinfectants. 

CHLORAMINE  BLUE,  -GREEN,  v.  Azo- 
colouring MATTERS. 

CHLORAMINE-T.  (Sodium  - p toluenesul- 
phochloramide  CHgCeH^SOaNNaCl),  first  ob- 
tained by  Chattaway  (Chem.  Soc.  Trans.  1905, 
87,  153),  has  been  shown  by  Dakin  to  be  a 
valuable  antiseptic  in  military  surgery  for  the 
treatment  of  infected  wounds,  and  has  been 
employed  in  cases  of  cerebrospinal  meningitis ; 
diphtheria,  &c.  It  may  be  obtained  from 
p-toluene  sulphonic  chloride,  a by-product  in 
the  manufacture  of  saccharin  (q.v.)  ; or, 
directly,  from  toluene  by  sulphonation  and  trans- 
formation of  the  sodium  salt  into  the  sulphonic 
chloride  by  the  action  of  phosphorus  penta- 
chloride  or  a mixture  of  the  pentachloride  and 
phosphoryl  chloride,  and  conversion  of  the 
sulphonic  chloride  into  sulphonamide  by  treat- 
ment with  ammonia  or  ammonium  carbonate. 
To  convert  the  amide  to  chloramine,  one  mole- 
cular proportion  is  dissolved  in  a warm  strongly 
alkaline  solution  of  sodium  hypochlorite  (D3  to 


j 2'0  N strength),  when  on  cooling  the  greater 
j part  of  the  chloramine  separates  out,  and  the 
remainder  can  be  obtained  by  evaporation. 
It  is  important  to  have  an  excess  of  caustic 
soda : for  each  mol.  of  amide  about  1*05  to  Id 
mols.  of  hypochlorite  and  1 mol.  of  sodium 
hydroxide.  Known  also  as  chlorazene  and 
tolamine. 

Dichloramine  T,  toluene-p-sulphodichlora- 
amide  CH3CgH4S02NCl2,  is  also  employed  as  an 
antiseptic.  It  is  prepared  by  dissolving  p- 
toluenesulphonamide  in  bleaching  powder  solu- 
tion or  by  acting  on  chloramine  T by  hypo- 
chlorous  acid.  Insoluble  in  water  but  dissolves 
in  chlorinated  paraffin  or  chlorinated  eucalyptol 
which  is  then  diluted  with  paraffin  oil. 

The  persistent  odour  which  clings  to  the 
hands  after  immersion  in  hypochlorite  solutions 
appears  to  be  due  to  protein  chloramine  com- 
binations (Briggs). 

CHLORAMINE-YELLOW  v.  Primuline  and 

ITS  DERIVATIVES. 

CHLORANIL  v.  Quinones. 

CHLORATE  OF  POTASH,  SODA  v.  Chlorine. 

CHLORAZENE.  Syn.  for  Chloramine  T. 
{q.v.). 

CHLORAZIDE.  N3CI.  A gas  obtained  by 
mixing  solutions  of  sodium  azide  N3Na,  and 
sodium  hypochlorite,  and  acidifying  with  acetic 
acid.  Chlorazide  is  highly  explosive,  slightly 
soluble  in  water,  and  insoluble  in  caustic  alkalis 
(Raschig,  Ber.  1908,  4194). 

CHLORAZOL  BROWN,  -DEEP  BROWN, 
-BLUE,  -VIOLET  v.  Azo-  colouring  matters. 

CHLORENE  C48H26.  A green  hydrocarbon 
obtained  together  with  decacylene  and  fluoro- 
cyclene  by  heating  acenaphthene  with  lead 
oxide  at  350°  and  extracting  with  benzene  and 
light  petroleum  in  the  cold.  It  crystallises  in 
small  dark  green  scales.  Dilute  solutions  are 
pure  deep  green  in  colour  but  become  brownish- 
red  on  exposure  to  sunlight.  Concentrated 
solutions  appear  purple-red  by  a bright  trans- 
mitted light  (Dziewonski  and  Suknarowski, 
Ber.  1918,  51,  457). 

CHLORETONE  v.  Acetonechloroform. 

CHLORIDE  OF  LIME,  POTASH,  SODA 

Chlorine. 

CHLORINE.  Symbol  Cl.  At.  wt.  35-46. 
Historical.  Chlorine  was  first  obtained  by 
Scheele  in  1774  by  the  action  of  hydrochloric 
acid  upon  manganese  dioxide,  and  was  termed 
by  him  * dephlogisticated  marine  acid  air.’ 
In  1785  Berthollet  suggested  its  use  for  bleaching 
vegetable  fibres,  and  this  application  continued 
until  1789,  when  this  very  objectionable  gas, 
and  its  equally  objectionable  aqueous  solution, 
were  replaced  by  an  unobjectionable  solution 
prepared  by  dissolving  the  gas  in  an  alkali ; 
the  hypochlorites  so  prepared  have  been  used 
for  bleaching  from  then  to  this  day. 

The  idea  that  it  was  a compound  substance 
prevailed  until  1809,  when  Gay-Lussac  and 
Thenard  suggested  that  it  was  probably  an 
elementary  body,  a supposition  confirmed  by 
the  investigations  of  Davy  in  1810  (Phil.  Trans. 
1811,  1,  32).  Davy  gave  it  its  present  name, 
from  greenish-yellow,  in  allusion  to  its 

characteristic  colour. 

Occurrence.  Chlorine  is  never  found  free 
in  nature ; it  always  occurs  combined  with 
metallic  elements.  Sodium  chloride  occurs  to 
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the  extent  of  3 p.c.  in  sea-water,  and  as  roch 
salt  in  large  quantities  in  Galicia,  Tyrol,  Tran- 
sylvania, Spain,  and  in  England  (particularly 
in  Cheshire)  (?;.  Sodium  Chloride,  art.  Sodium), 
Potassium  chloride  is  found  as  sylvine  (q.v.), 
and  in  association  with  magnesium  chloride  as 
carnallite  KCl’MgCl2,6H20  {q.v.)  in  the  salt- 
beds  of  Stassfurt,  and  in  a few  parts  of  North 
France,  and  in  sea-water.  Other  naturally 
occurring  chlorides  are  matlocJcite  PbClg'PbO, 
horn  silver  AgCl,  atacamite  Cu2Cl(OH)3,  calomel 
HgCl,  &c.  Ferric  chloride  FegClg  and  sal 
ammoniac  are  occasionally  found  native  as 
products  of  volcanic  action.  Magnesium  chlor- 
ide is  found  in  considerable  quantity  in  sea- 
water and  in  many  natural  waters.  Calcium 
chloride  is  found  in  certain  brines. 

Sodium  and  potassium  chlorides  are  present 
in  most  animal  secretions,  and  free  hydrochloric 
acid  is  met  with  in  the  gastric  juice.  Many 
plants,  growing  in  proximity  to  the  sea,  and 
many  inland  plants  contain  notable  cpiantitics 
of  chlorides. 

Preparation  for  Laboratory  Purposes. 
The  oldest  mode  of  preparing  chlorine  for  labo- 
ratory purposes  consists  in  heating  manganese 
dioxide  with  hydrochloric  acid,  or  by  heating 
a mixture  of  manganese  dioxide,  common 
salt,  and  sulphuric  acid  : 

Mn02+4HCl=Cl2+MnCl2+2H20 

2NaCl+Mn02+3H2S04 

=Cl2+2NaHS04+MnS04+2H20 

It  is  readily  prepared  by  slowly  dropping  a 
cleqr  strong  solution  of  bleaching  powder  into 
concentrated  hydrochloric  acid.  Bleaching 
powder  made  commercially  into  small  cubes 
may  be  used  in  a Kipps’  gas  generator  containing 
strong  hydrochloric  acid.  If  required  in  rather 
large  quantity  it  is  most  easily  obtained  from 
liquid  chlorine  supplied  commercially  in  steel 
cylinders. 

Properties  of  Chlorine.  At  ordinary  tem- 
peratures and  pressures  chlorine  is  a greenish- 
yellow  gas,  which  becomes  darker  in  colour  as 
it  is  warmed  ; under  strong  pressures  the  colour 
becomes  orange-yellow  ; its  absorption  spectrum 
shows  numerous  dark  lines  in  addition  to  com- 
plete absorption  in  the  blue  and  violet.  Even 
when  largely  diluted  with  air,  the  gas  possesses 
a characteristic  pungent  and  irritating  smell ; 
it  rapidly  attacks  the  nasal  and  lung  membranes, 
and  in  such  cases  the  Best  relief  is  obtained  by 
breathing  alcohol  vapour  or  a little  chloroform 
vapour  and  keeping  in  a warm  room. 

The  sp.gr,  of  chlorine  gas  shows  a gradual 
diminution  up  to  240°,  when  its  density 
becomes  normal,  viz.  2 ’4502  (Jahns,  Ber.  15, 
1242). 

40°  80°  120°  160°  200°  240° 

2-4844  2-4776  2-4708  2-4641  2-4572  2-4504 

By  the  application  of  either  suitably  in- 
creased pressure,  or  of  a suitable  low  tempera- 
ture, chlorine  gas  is  readily  liquefied  to  a dark 
greenish-yellow  liquid  of  sp.gr.  1-33,  b.p. 
—34-5°.  The  critical  temperature  is  144-0°, 
the  critical  pressure  76-1  atm.,  and  the  critical 
density  0-573.  The  density  of  liquid  chlorine 
may  be  represented  by  the  formula  : 

^,=0-687014+0-0002379(144-0 

+0-0622109Vl44-^ 


The  ratio  of  the  critical  density  to  that 
calculated  from  the  simple  gas  laws  is  3-635, 
and  the  value  of  Trouton’s  constant,  that  is  the 
quotient  of  molecular  heat  of  evaporation  and 
the  absolute  temperature  of  the  boiling-point, 
is  20-67,  indicating  that  chlorine  behaves  as  a 
normal  substance.  The  specific  heat  between 
0°  and  24°  is  0-2262,  and  the  heat  of  evapora- 
tion at  8°  is  62-7.  The  vapour  tension  is  in 
atmospheres  : 


at  -40°  . . . 0-74 

-20°  . . .1-84 

0°  . . . 3-66 

+20°  . . . 6-62 

40°  . . . 11-50 


It  can  be  solidified  at  a low  temperature. 
Liquid  chlorine  is  not  miscible  with  water ; 
its  refractive  index  is  lower  than  that  of  water, 
and  it  is  a non-conductor  of  electricity. 

Chlorine  gas  is  readily  soluble  in  water,  its 
absorption  coefficient  between  10°  and  4+5°, 
according  to  Schonfeld  (Annalen,  93,  26  ; 96,  8), 
is 

3 -036 1 - 0 -046 1 96i + 0 -000 1107^2 

by  means  of  which  the  following  table  showing 
the  volume  of  chlorine  at  0°  and  760  mm.  ab- 
sorbed by  1 vol.  of  water  at  varying  tempera- 
tures from  pure  chlorine  gas  having  a pressure  of 
760  mm.  is  calculated  : 

10°  1.5°  20°  25°  30°  35° 

2-5852  2-3681  2-1565  +9504  +7499  +5550 

{v.  also  Pickering,  Chem.  Soc.  Trans,  1880, 
139). 

The  volume  of  chlorine  absorbed  from  a 
mixture  of  that  gas  with  an  indifferent  gas,  as 
hydrogen  or  carbon  dioxide,  is  greater  than  that 
calculated  from  the  law  of  partial  pressures 
(Roscoe,  Chem.  Soc.  Trans.  8,  14). 

Chlorine-water  has  the  characteristic  smell 
and  colour  of  the  gas  ; in  daylight,  and  especially 
when  exposed  to  sunshine,  it  gradually  loses 
its  colour  owing  to  the  action  of  the  chlorine 
on  the  water,  the  main  reaction  being 
H20+Cl2=2HCl+0 

Chlorine  Hydrate.  A solution  of  chlorine 
in  water  below  9°  deposits  crystals  of  so-called 
chlorine  hydrate  of  a light-yellow  colour, 
which  become  almost  white  when  cooled  to 
—50°.  By  gently  heating  the  crystals  in  a 
sealed  tube,  they  are  readily  resolved  into 
water  and  free  chlorine,  which  may  be  thus 
obtained  as  a liquid. 

General  Chemical  Properties. — Chlorine 
is  an  active  chemical  agent,  and  combines 
with  many  of  the  elements  even  at  the  ordinary 
temperature.  Phosphorus  ignites  spontane- 
ously in  the  gas,  forming  phosphorus  trichloride. 
Finely  divided  arsenic,  antimony,  copper,  tin, 
lead,  and  iron  burn  in  chlorine,  forming  the 
respective  chlorides,  but  most  of  these  metals, 
when  presented  in  bulk,  behave  quite  differently, 
as  the  trace  of  solid  chloride  formed  acts  as 
an  impervious  layer  and  the  reaction  can  pro- 
ceed no  further ; but  metallic  tin  forming  a 
liquid  chloride  SnC^  is  entirely  converted  into 
that  chloride.  Chlorine  and  hydrogen  may  be 
mixed  together  in  the  dark  without  combining, 
but  such  mixtures  explode  violently  in  bright 
daylight  or  when  heated.  During  any  of  the 
above  acts  of  combination  much  heat  is  evolved. 
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Certain  of  these  reactions  are  modified  if  the 
chlorine  is  absolutely  free  from  moisture. 
Wanklyn  (Chem.  News,  20,  271)  found  that 
sodium  might  be  melted  in  dry  chlorine  without 
action,  although  the  metal  readily  burns  in 
chlorine  as  ordinarily  prepared.  Cowper  (Chem. 
Soc.  Trans.  43,  153)  found  that  Dutch  metal, 
zinc,  and  magnesium  were  unacted  upon  by 
dry  chlorine ; silver  and  bismuth  were  only 
slowly  attacked.  The  indifference  of  dry 
chlorine  to  steel  and  brass  enables  liquid  chlorine 
to  be  manufactured  and  shipped  in  vessels 
made  of  those  metals. 

With  many  inorganic  chemical  compounds 
chlorine  also  combines  directly,  thus  it  unites 
with  sulphur  dioxide,  carbon  monoxide,  phos- 
phorus trichloride,  ferrous  chloride,  stannous 
chloride. 

With  very  many  organic  non -saturated 
compounds  chlorine  also  combines  directly, 
e.g  with  ethylene,  acetylene,  and  benzene 
(under  certain  circumstances),  and  additive 
compounds  are  formed  ; in  the  case  of  acetylene 
the  reaction  is  so  energetic  that  it  becomes 
explosive  ; lignocellulose  also  readily  combines 
with  chlorine. 

With  * saturated  organic  compounds  as 
marsh  gas  and  the  paraffins,  acetic  acid,  alcohol, 
&c.,  chlorine  forms  one  or  more  substitution 
products,  and  the  eliminated  hydrogen  .is 
simultaneously  converted  into  hydrochloric 
acid. 

With  such  organic  compounds  as  benzene 
and  toluene,  chlorine  may  react  either  to  form 
addition  or  substitution  products,  or  both 
simultaneously,  and  such  reactions  are  largely 
influenced  by  the  temperature  and  by  the 
presence  of  other  substances  as  ferrous  chloride, 
iodine,  &e. 

With  turpentine  chlorine  reacts  so  readily 
that  the  oil  inflames  spontaneously,  and  much 
of  it  is  totally  destroyed  with  the  production 
of  free  carbon  and  hydrochloric  acid. 

In  presence  of  water  chlorine  acts  on  many 
substances,  both  inorganic  and-  organic,  as  a 
powerful  oxidising  agent,  and  these  reactions 
may  be  explained  by  the  assumption  that  the 
mixture  reacts  to  a small  extent  to  form  hypo- 
chlorous  acid,  that  is  HOH-|-Cl2  = HOCl-|-HCl ; 
hypochlorous  acid  is  an  intensely  active  sub- 
stance, capable  of  converting  manganous  oxide 
into  permanganic  acid,  chromium  trioxide  into 
chromic  acid.  The  oxidising  action  of  chlorine 
and  water  often  becomes  more  energetic  in  the 
presence  of  bases.  In  this  way  monoxide  of 
lead  may  be  converted  into  dioxide,  manganous 
oxide  into  manganese  dioxide,  sulphur  into 
sulphuric  acid,  ferrocyanides  into  ferricyanides, 
manganates  into  permanganates,  and  many 
organic  substances  and  colouring  matters  may 
be  more  or  less  completely  oxidised. 

Industeial  Peefaeation  of  Chloeine. 

Chlorine  gas  has  been  prepared  on  the  small 
industrial  scale  by  the  addition  of  strong  sul- 
phuric acid  to  a mixture  of  sodium  chloride  and 
manganese  ore  (which  is  essentially  manganese 
peroxide)  and  heating. 

The  commercial  processes  of  preparing 
chlorine  to-day  are  described  in  the  following 
account  in  detail,  in  the  order  of  their  develop- 
ment : — 


(а)  The  action  of  an  aqueous  solution  of 
hydrochloric  acid  on  one  or  other  of  the  higher 
oxides  of  manganese,  or  their  compounds  at 
temperatures  below  100°  : 

4IIC1  ( solution)  -|-  MnO  2 = Clg + MnCl2  -f  2H  2O 

(б)  The  action  of  hydrochloric  acid  gas  on 
atmospheric  oxygen  in  the  presence  of  catalysts 
(as  copper  compounds)  at  temperatures  just 
below  a red  heat : 4HCl+02=2Cl2+2H20. 

(r)  The  electrolysis  of  metallic  chloride  (as 
sodium  chloride,  potassium  chloride,  zinc 
chloride),  which  are  occasionally  anhydrous 
and  fused,  but  are  much  more  generally  em- 
ployed in  aqueous  solution  ■,  2NaCl=Cl2H-2Na  ; 
and  ZnCl2=Cl2+Zn  ; the  energy  absorbed  in 
these  reactions  is  supplied  electrically. 

A number  of  proposals  or  non-important 
methods  are  briefly  enumerated. 

{a)  The  Aqueous  Hydrochloric  Acid  and 
Manganese  Oxide  Method. — The  solution  of  hydro- 
chloric acid  used  is  obtained  in  the  manufacture 
of  sodium  sulphate,,  that  is  salt  cake ; it  is 
known  as  ‘ Commercial  Hydrochloric  Acid,’  or 
as  ‘ Muriatic  Acid.’  The  solution  used  should 
be  as  strong  as  possible,  because  complete 
exhaustion  of  the  acid  by  manganese  peroxide 
is  impracticable,  and  a residual  liquor  containing 
a considerable  amount  of  unavailable  acid  is 
always  left.  The  stronger  the  hydrochloric 
acid  solution  to  start  with  the  smaller  the 
percentage  of  the  total  HCl  which  is  lost  (for 
actual  figures,  see  below). 

The  manganese  ore  used  for  the  generation 
of  chlorine  should  contain  a high  percentage  of 
MnO 2-  The  two  next  lower  oxides  of  manganese 
also  liberate  chlorine,  but  only  a smaller  pro- 
portion of  the  total  chlorine  employed  as  shown 
by  the  following  equations  : — 

Mn02+4HCl=Cl2+MnCl2+2H20 

Mn203+6HCl=Cl2+2MnClo+3H20 

Mn304-l-8HCl=Cl2+3MnCl2+4H20 

Pyrolusite  is  the  manganese  ore  generally 
used ; it  usually  occurs  in  distinctly  crystalline 
masses  of  a fibrous  structure ; its  sp.gr.  is 
4*7-5,  and  its  colour  iron- black  to  dark  steel- 
grey  with  a metallic  lustre ; it  also  occurs  as 
amorphous  friable  masses  that  soil  the  fingers. 
It  has  been  mined  in  North  Wales,  and  occurs 
in  quantity  in  Germany,  Bohemia,  Transyl- 
vania, Russia,  India,  Australia,  Japan,  and  the 
United  States  of  America. 

The  chief  source  of  the  industrial  pyrolusite 
used  in  this  country  is  Southern  Russia.  The 
ore  varies  usually  from  75  p.c.  to  85  p.c.  MnOg- 
An  average  analysis  of  the  Russian  ore  is  : 
80  p.c.  MnOg ; 1 p.c.  MnO  ; 3 p.c.  H2O. 

It  is  customary  to  buy  and  sell  manganese 
ore  on  the  percentage  of  MnO  2 only. 

The  higher  the  percentage  of  MnO 2,  the  more 
valuable  the  ore,  as  the  impurities,  even  if  sub- 
stances such  as  BaS04  and  Si02,  do  harm  by 
coating  the  particles  of  MnO  2 and  preventing  the 
action  of  the  HCl,  and  also  by  adding  to  the 
amount  of  waste  material  to  be  handled.  If 
the  impurities  are  carbonates  (CaC03,  BaC03, 
&c.),  they  not  only  waste  hydrochloric  acid, 
but  the  CO  2 evolved  during  their  solution  harms 
the  bleaching  powder  into  which  the  bulk  of 
industrial  chlorine  is  made. 

The  physical  condition  of  the  manganese  ore 
is  also  important,  the  softer  ores  being  preferable 
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to  the  harder  ones,  which  are  more  slowly  acted 
on  by  the  hydrochloric  acid. 

For  generating  somewhat  small  quantities 
of  chlorine  the  generating  vessel,  or  still,  may 
be  made  of  stoneware.  Fig.  1 shows  one  of  the 

best-known  forms  of 
stoneware  stills,  in- 
tended for  heating  from 
the  outside  in  a water- 
or  steam- bath,  made  of 
wood  or  masonry.  The 
manganese  is  placed  in 
the  perforated  cylinder, 
which  holds  about  1 
cwt.,  and  is  put  in  and 
out  by  means  of  speci- 
ally shaped  tongs, 
through  the  large  open- 
ing. The  small  necks  serve  for  introducing  the 
acid  and  taking  away  the  gas.  At  the  end  of 
the  operation  the  still  liquor  is  drawn  off  by  a 
siphon,  or  by  a discharge  pipe  passing  through 
the  steam-jacket.  Such  small  stills  permit  of 
careful  and  economical  working  so  far  as  mate- 
rials are  concerned,  since  the  acid  is  not  diluted 
by  condensed  steam. 

Fig.  2 shows  a contrivance  which  allows  the 
chlorine  pipes  and  the  main  pipe  to  be  instantly 
connected  or  disconnected.  There  is  a Y- 
shaped  lead  pipe  a,  the  upper  arms  of  which  are 
converted  into  hydraulic  lutes  by  ‘ burning  ’ 
an  outer  pipe,  hh,  on  to  them.  The  ends  of 
the  gas  pipes,  both  that  leading  from  the  stills 
c,  and  that  leading  to  the  gas  main  d,  are 
widened  out  into  cups  dipping  into  the  water 
^ ^ which  fills  the  annular  space 

’ ’ at  h.  The  rubber  pipe  e 

and  its  attached  cup  con- 
tain sufficient  water  to  fill 
and  thus  stop  the  gas-way 
a whenever  the  pipe  and 
cup  are  raised. 

For  generating  large 
quantities  of  chlorine  the 
stills  are  made  of  silicious 
sandstone  or  other  stone 
not  acted  upon  by  acids,  not  pervious  to  them, 
and  not  liable  to  crack  by  rapid  changes  of 
temperature.  8uch  stone  is  found  at  Southow- 
ram,  and  is  known  as  ‘ Yorkshire  flag.’ 

A small  old-fashioned  stone  still  is  shown  in 
Fig.  3,  which  represents  it  cut  through  in  the 
middle.  The  bottom  is  formed  by  a stone, 
10  to  12  inches  thick,  with  grooves  .for  the  sides 
to  fit  in.  The  sides  are  stone  slabs,  5 to  G,  or 
even  8 inches  thick,  and  joined  at  the  corners 
on  the  ‘ feather  and  groove  ’ principle.  The 
end  stones  project  both  ways  over  the  sides, 
which  fit  into  grooves  cut  in  the  end  stones. 
The  joints  are  made  tight  by  dressing  a small 
groove  into  the  two  adjoining  faces,  and  placing 
a f-inch  india-rubber  cord  in  the  channel  thus 
formofl.  The  lid  consists  of  one  or  more  stones 
laid  in  a rebate,  and  the  joint  is  made  gas- 
tight  by  partly  filling  the  rebate  with  a putty 
of  linseed  oil  and  china-clay.  The  diagram 
shows  how  the  still  is  fitted  with  the  following 
parts.  A false  bottom  a ; a pipe  h,  for  the 
introduction  of  hydrochloric  acid,  sealed  at 
the  bottom  by  the  acid  in  a small  earthenware 
bowl ; a leaden  steam  pipe,  c,  connected  at  the 
bottom  with  a stone  or  stoneware  steam  column 


d,  which  is  provided  with  side  holes  (not  shown 
in  the  figure)  situated  a short  distance  above 
the  bottom  slab,  for  the  issue  of  the  steam  into 
the  acid,  and  at  the  top  by  the  loop  e with  a 
tap  / (the  loop  protecting  the  tap  to  some 
extent  against  the  action  of  the  chlorine) ; the 
earthenware  or  leaden  gas  pipe  g,  the  connection 
of  which  with  the  gas  main  h can  be  opened  or 


Fig.  3. 


shut  off  at  will  by  putting  more  or  less  water 
into  the  pot  i.  The  man  hole  for  charging  the 
still  and  the  discharging  hole  must  be  assumed 
to  be  provided  in  that  half  of  the  still  not 
shown  in  the  diagram.  These  stills  are  made 
7x5x3  feet,  inside  measurement,  and  upwards. 

Fig,  4 shows  a still  of  the  bevel- joint  type, 
seen  from  above,  with  the  cover  removed ; a 
are  the  flags  forming  the  false  bottom,  one  of 
which,  a',  is  made  to  stand  up  ; c is  the  steam 
stone,  but  the  long  central  hole  and  the  radial 
short  holes  for  the  passage  of  the  steam  are  not 
shown  ; A,  B,  c,  D are  the  rods  binding  the  stones 
together  by  means  of  the  cast-iron  corner 


Fig.  4. 

pieces  6,  h.  The  joints  are  made  by  the  com- 
pression of  the  stones  on  to  round  rubber  cords 
shown  as  black  dots  in  each  corner  joint  in  the 
figure.  The  cord  for  the  bottom  joint  may  be 
one  inch  diameter,  that  for  the  upright  joints 
may  bo  | inch  diameter ; the  junctions  of  the 
several  cords  with  each  other  are  made  liquor- 
tight  by  boring  with  a cork  borer  a comparatively 
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small  hole  in  one  cord,  and  then  inserting  the 
end  of  the  other  cord  into  the  broad  end  of 
a hollow  conical  steel  needle,  which  is  smeared 
with  glycerin,  the  second  cord  may  be  passed 
through  the  hole  in  the  first  cord  and  the  small 
projecting  end  neatly  cut  off. 

The  Process. — In  order  to  work  the  stills, 
those  of  smaller  sizes.  Fig.  1,  where  the  manga- 
nese is  contained  in  a sieve,  are  usually  first 
charged  with  the  requisite  quantity  of  acid. 
The  sieve  containing  the  manganese  (about 
1 cwt.)  is  then  put  in,  the  cover  is  at  once  put 
on  and  made  tight  by  water-luting  or  cementing, 
and  the  evolution  of  chlorine  begins  forthwith. 
When  it  slackens,  heat  is  gradually  supplied 
by  turning  on  the  steam  till  the  acid  is  exhausted. 
The  stills  are  then  allowed  to  cool  down,  usually 
till  the  next  morning.  They  are  then  opened, 
the  sieve  is  lifted  out,  the  manganese  remaining 
in  it  is  washed  and  replenished  by  more  ore,  the 
liquor  is  siphoned  or  run  out  of  the  still,  fresh 
acid  is  run  in,  and  a new  start  can  be  made  at 
once. 

The  large  stone  stills  are  charged  with  from 
6 to  10  cwts.  of  manganese  broken  up  into 
pieces,  which  must  be  smaller  in  the  case  of 
hard  ores,  but  should  not  be  too  small,  lest  too 
much  is  washed  down  below  the  false  bottom. 
The  manhole  is  then  closed  and  acid  is  run  in, 
at  first  quickly,  afterwards  gradually,  so  that 
it  takes  several  hours  to  run  in  the  full  charge. 
All  this  time  chlorine  is  given  off,  much  heat 
being  generated  in  the  process,  of  course  much 
more  with  concentrated  than  with  somewhat 
dilute  acid.  When  the  evolution  of  gas  becomes 
slow,  steam  is  injected  into  the  still,  but  very 
cautiously,  as  otherwise  the  water  might  be 
thrown  out  of  the  lutes,  and  only  at  intervals, 
for  instance  for  10  minutes  every  hour.  Too 
much  steaming  causes  too  rapid  an  evolution 
of  chlorine,  and  the  volatilisation  of  much  acid 
and  water.  The  temperature  of  the  stills  ought 
never  to  get  above  90'^.  It  is  preferable  not  to 
steam  all  the  stills  of  a set  at  the  same  time, 
but  in  regular  rotation,  to  produce  a more 
continuous  current  of  chlorine.  Chlorine  stills 
ought  to  be  kept  going  at  least  24  hours,  but 
large  stills  are,  better  kept  going  for  48  hours, 
as  more  of  the  acid  will  then  be  utilised.  j 

When  the  waste  liquid,  ‘ still  liquor,’  is  run 
off  it  emits  an  intolerable  stench  of  chlorine,  so 
that  this  operation  is  most  irksome,  both  for 
the  workmen  and  those  people  who  live  near  the 
works.  The  ‘ still  liquor,’  even  after  being 
freed  from  its  muddy  constituents  by  settling, 
is,  on  account  of  its  acidity,  one  of  the  worst 
nuisances  for  any  watercourse  into  which  it 
may  be  run.  These  nuisances  have  been  com- 
pletely overcome  by  the  introduction  of  the 
Weldon  process,  where  the  still  liquor  from  the 
fresh  manganese  ore  is  run  into  the  Weldon  stills, 
as  described  a little  later  on,  and  at  works 
where  chlorine  is  made  on  too  small  a scale  to 
permit  of  applying  the  Weldon  process,  the 
still  liquor  now  has  to  be  run  into  a closed 
tank,  and  neutralised  by  chalk  or  limestone  dust 
before  running  it  away,  even  in  a very  diluted 
form. 

The  chlorine  evolved  in  the  stills  is  always 
contaminated  with  hydrochloric  acid  gas,  and 
a considerable  amount  of  aqueous  vapour  on 
account  of  its  high  temperature.  To  remove 


these  impurities  the  gas  is  passed  through  a 
long  string  of  earthenware  or  lead  pipes,  exter- 
nally cooled  by  air  (or,  if  needful,  by  water), 
so  that  the  water  vapour  condenses,  and  the 
water  produced  dissolves  the  hydrochloric 
acid  gas,  and  both  are  then  drained  away  by 
trapped  escape  pipes. 

T'he  Chemistry  of  the  Process.- — The  first 
reaction  taking  place  in  the  chlorine  stills  is  : 
Mn02+4HCl=MnCl44-2H20  or  (more  probably) 
2Mn02+8HCl=Mn2Cl6+4H20+Cl2.  (There 
is  some  discrepancy  of  opinion  as  to  which 
of  these  two  chlorides  of  manganese  is  formed. 
Compare  W.  W.  Fischer,  Chem.  News,  37,  250 ; 
U.  S.  Pickering,  ibid.  39,  225 ; Berthelot, 
Compt.  rend.  91,  251.) 

These  chlorides,  MnCl4  and  MngCle,  form  a 
dark-brown  solution  which  quickly  decomposes 
even  at  the  ordinary  temperature  into  MnCl2  and 
free  chlorine,  so  that  the  ultimate  result  is  : 
Mn02+4HCl=Mn0l2+2H20+Cl2;  but  this 
reaction  is  only  completed  at  about  100°  and 
with  a certain  excess  of  hydrochloric  acid. 
Theoretically  for  100  parts  by  weight  of  MnOg, 
or  an  equivalent  quantity  of  manganese  ore, 
almost  exactly  170  dry  HCl  or  530  acid  of 
32°  Tw.,  ought  to  be  consumed ; practically, 
at  least,  10  p.c.  more  is  used,  and  with  low- 
strength  acid,  hard  manganese,  direct  steaming, 
&c.,  twice  the  theoretical  quantity  of  acid  may 
be  required  to  be  present. 

The  still  liquor  contains  chiefly  manganous 
chloride,  free  hydrochloric  acid,  the  chlorides  of 
other  metals  present  in  the  ore,  and  a little 
chlorine. 

Black’s  analysis  of  still  liquor,  in  a well- 
conducted  works,  showed  how  incompletely  the 
acid  is  utilised  : 


MnCL  . 

HCl  “ . 

AlaCle  . 
Fe2Cle  . 

CI2 

H2O  (by  diff.) 


. 10-6 
6-6 
0-6 
0-5 

not  determined 
. 81*7 


100  0 


On  the  assumptions  that  all  the  manganese 
in  the  ore  was  in  the  form  of  Mn02,  that  no 
hydrochloric  acid  gas  was  carried  away  by  the 
chlorine,  it  follows  that  out  of  every  100  parts 
of  HCl  added  33 ’6  parts  had  been  left  untouched. 

The  free  acid  is  tested  for  in  daily  practice  by 
an  easy  but  approximate  method,  namely  to 
a measured  volume  of  still  liquor,  standardised 
caustic  soda  liquor  is  run  in  from  a burette 
till  the  formation  of  flakes  of  Fe2(OH)6,  which 
do  not  dissolve  on  shaking,  indicates  the  satura- 
tion of  the  free  acid. 

Treatment  of  Still  Liquor  for  Recovery 
OF  THE  Manganese  and  the  Method  of 
USING  THE  Recovered  Manganese.  Many 
suggestions  have  been  made  and  tried  with  this 
object,  but  one  process  has  proved  superior  to 
all  others,  and  is  now  universally  adopted 
The  first  foundations  of  this  process  were  laid 
in  1837,  when  Gossage  precipitated  the  still 
liquor  with  lime,  ran  off  the  supernatant  liquor, 
and  agitated  the  precipitate  with  air ; the 
oxidation  was,  however,  very  slow,  and  was 
never  so  much  as  half  complete.  In  1866 
Walter  Weldon  made  his  first  attempts,  and 
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1869  his  new  process  was  in  commercial  use 
at  Messrs.  Gamble  & Co.’s  works  at  St.  Helens, 
and  by  1871-1873  had  been  so  improved  as  to 
be  adopted  by  all  English  and  continental 
alkali  works.  The  apparatus  employed  has 
received  but  few  modifications,  but  the  con- 
duction of  process,  which  in  the  critical  part  is 
complicated,  and  still  not  thoroughly  explained, 
has  been  more  modified.  In  the  following  the 
apparatus  and  process  are  described  together, 
and  in  the  sequence  of  events  occurring  when 
starting  up  a new  plant. 

Fig.  5 shows  the  plant  in  elevation. 

The  process  is  commenced  in  the  stone  still 
E,  which  has  been  already  described  in  con- 
struction and  process  by  Figs.  3 and  4 and  the 
accompanying  text.  The  only  changes  de- 
manded by  the  Weldon  process  are  : (1)  That 
the  acid  employed  should  be  as  free  as  possible  [ 
from  sulphuric  acid,  because  when  subsequently 
the  liquor  is  treated  with  calcium  carbonate 
the  voluminous  crystalline  needles  of  CaS04'2H20 
that  are  formed  entail  extra  labour  and  expense 
in  filter  pressing  and  removing  the  filter  cakes, 
and  there  is  an  accompanying  loss  of  manganese 
chloride  solution.  (2)  That  the  run-off  pipe  for 
the  still  liquor,  instead  of  leading  into  a neutralis- 
ing well,  leads  into  a mud  still  d,  which  is  shown 
in  section  in  Fig.  5.  The  utility  of  this  last 
change  does  not  arise  until  a later  stage  in  the 
process,  and  the  special  construction  of  this 
large  mud  still  d will  therefore  not  be  now 
described. 

The  still  liquor  may  be  at  once  run  from  d 
into  one  or  other  of  the  two  neutralising  wells 
G,  G by  means  of  pipes  or  covered  channels 
not  shown  in  the  figure,  and  charge  after  charge 
of  native  manganese  ore  is  dissolved  in  e in 
the  same  way,  filling  the  wells  g,g  alternately 
and  repeatedly  for  the  next  operation. 

The  neutralising  wells  g,  g are  sunk  in  the 
ground  on  a bed  of  puddled  clay,  and  after 
being  built  are  surrounded  by  puddled  clay  to 
prevent  possibility  of  leakage  ; they  are  built 
of  large  stone  slabs  of  acid-proof  Yorkshire  flag, 
as  already  described  for  the  still  e,  except  that 
it  is  much  larger  and  is  octagonal  in  shape ; 
their  dimensions  are,  depth  6 feet,  diameter 
15  feet.  On  the  top  of  the  wells  two  large 
timber  beams  are  seen  supporting  the  agitators 
composed  of  wooden  gates  driven  by  short 
vertical  shafts  (situated  above  the  liquor  level), 
and  large  crown  wheels  and  pinions  situated 
above  the  timber  beams  ; the  pinions  are  driven 
by  one  horizontal  shaft  and  the  small  steam 
engine  situated  between  the  two  left-hand  mud 
stills  D,  D.  The  liquor,  while  continuously 
agitated,  is  slowly  treated  with  crushed  chalk 
or  powdered  limestone,  which  is  preferably 
very  finely  ground.  The  free  HCl  is  first  acted 
upon,  yielding  calcium  chloride,  which  is  an 
essential  component  for  the  remaining  processes, 
and  carbonic  acid  gas,  which  in  escaping  carries 
away  the  small  quantity  of  dissolved  chlorine 
gas ; these  two  objectionable  gases  are  pre- 
vented from  escaping  freely  into  the  air  by 
covering  the  wells  with  strong  planks  well 
tarred  and  by  connecting  them  to  the  suction  of 
the  nearest  chimney  by  an  earthenware  pipe. 
Towards  the  end  of  the  operation  the  additions 
are  made  slowly,  and  with  frequent  testing  of 
samples,  by  seeing  if  they  effervesce  when 


poured  on  to  ground  chalk.  When  the  free  acid 
has  been  neutralised  the  ferric  chloride,  and 
aluminium  chlorides  shown  in  the  preceding 
analysis  are  also  converted  into  calcium 
chloride  and  ferric  and  aluminium  hydroxides, 
and  these  last  carry  down  as  ferric  arsenate 
any  arsenious  acid  originally  present  in  the 
muriatic  acid.  During  this  treatment  any  sul- 
phuric acid  present  in  the  muriatic  acid  is  con- 
verted, as  already  mentioned,  into  CaS04,2H20. 
Complete  neutralisation  is  necessary  to  remove 
all  the  impurities  named,  and  also  to  prevent 
corrosion  of  the  settling  tanks  a,  a,  into  which 
the  liquor  is  next  pumped,  but  the  excess  of 
CaCO^  employed  should  be  the  smallest  possible 
to  reduce  the  cost  of  the  subsequent  settling 
and  filtering  operations  and  their  loss  of 
manganese  liquor. 

As  soon  as  the  neutralised  liquor  in  one  of 
the  wells  g is  ready  a swivel  pipe  is  lowered 
from  above  into  the  liquid,  as  shown  in  Fig.  5, 
in  the  left-hand  well,  and  the  turbid  liquor  is 
then  piped  to  the  force  pump  shown  in  the 
figure  in  front  of  the  third  tank  d from  the  left. 
The  internal  working  parts  of  this  pump  are 
made  of  gun  metal.  The  figure  shows  the 
delivery  pipe  rising  to  the  top  of  the  plant, 
then  running  horizontally  and  discharging 
through  control  cocks  into  one  or  other  of  the 
four  chloride  of  manganese  settlers  a,  a,  a,  a.  As 
soon  as  the  well  g is  emptied  and  the  pump 
stopped,  a small  valve  is  opened  at  the  base  of 
the  pump  delivery  pipe,  and  the  pipes  thus 
drained  back  into  the  well ; the  swivel  pipe 
taking  the  liquor  from  the  well  is  also  with- 
drawn ; these  things  are  done  to  prevent 
corrosion  of  the  pipes.  The  well  is  then  ready 
to  receive  its  next  charge,  and  so  on. 

The  chloride  of  manganese  settlers  are  made 
of  |-inch  thick  boiler  plates,  and  are  18  feet  by 
12  feet  and  6 feet  deep,  and  therefore  are  carried 
by  a very  strong  timber  framework  that  rests 
upon  the  strong  brick  walls  that  carry  the 
settlers  c,  c,  c.  As  the  stock  of  liquor  in  a does 
not  fill  the  tank,  and  is  moreover  not  sufficient 
for  the  next  operation,  the  processes  already 
described  must  be  repeated  until  at  least  one 
settling  tank  a is  quite  - full.  After  making 
the  last  addition  a few  hours’  settling  should 
allow  the  liquid  to  settle  quite  clear ; it  is 
important  that  the  liquor  going  forward 
to  the  next  operation  should  be  quite  clear, 
otherwise  the  charge  in  the  next  operation  is 
apt  to  froth  over,  and  also  the  recovered 
manganese  will  consume  an  undue  amount  of 
acid. 

As  the  correct  proportioning  of  the  manganese 
chloride  liquor  and  the  milk  of  lime  in  the 
following  process  are  admittedly  the  key  to  the 
rapidity  of  the  subsequent  absorption  of  oxygen, 
and  as  no  practical  method  of  regulating  this 
proportion  is  described  in  Lunge’s  standard 
work,  “ Sulphuric  Acid  and  Alkali,”  and  as  it  is 
admitted  that  milk  of  lime  differs  very  consider- 
ably in  its  initial  action  on  manganese  chloride 
liquor,  according  to  the  source  of  the  lime  and 
the  manner  of  making  it  into  milk,  the  usual 
description  is  here  slightly  modified  so  as  to 
contain  a means  of  ascertaining  and  controlling 
the  proportions  of  MnClg  and  GaO  used. 

Having  correctly  measured  the  length  and 
width  of  the  settler  a and  the  position  of  the 
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surface  of  the  liquor,  and  recorded  these  measure- 
ments, and  having  also  taken  a sample  of  the 
liquor  for  analysis  as  shortly  described,  the 
clear  liquor  may  be  di’awn  off  from  the  settler 
by  lowering  a swivel  pipe  just  under  the  surface 
of  the  liquor,  where  the  open  end  of  the  pipe 
can  -be  inspected  and  the  liquor  above  it  can 
be  seen  to  be  quite  clear.  The  bottom  end  of 
the  swivel  pipe  is  attached  to  the  side  of  the 
tank  about  a foot  above  the  bottom  of  the 
tank,  so  as  to  leave  plenty  of  room  for  the  mud 
to  collect  and  to  be  stored  pending  its  removal. 
Outside  the  tank  the  flow  of  the  clear  liquor  is 
controlled  by  a cock,  and  cocks  control  its 
entrance  into  the  oxidising  tower  b,  shown  in 
Fig.  5,  or  into  a second  similar  tower  situate 
just  behind  it.  The  treatment  of  the  mud  left 
in  the  tank  will  be  described  later,  as  it  is  first 
allowed  to  accumulate. 

The  oxidising  towers  b are  made  of  |-inch 
thick  boiler  plates,  and  they  may  be  8 feet 
diameter  and  28  feet  high,  the  bottom  is  flat, 
and  the  top  is  cj^uite  open.  The  pipe  bringing 
the  manganese  chloride  liquor  enters  the  tower 
about  6 feet  from  the  top  of  the  tower,  and  as 
the  tower  shakes  considerably  during  the 
subsequent  operations,  the  connection  between 
the  tower  and  the  clear  liquor  main  is  made 
through  a short  piece  of  indiarubber  pipe.  The 
diameter  and  height  of  the  tower  being  carefully 
measured,  its  capacity  when  half  full  is  calcu- 
lated, and  a further  reckoning  gives  the  new 
position  the  surface  of  the  liquid  will  occupy 
in  the  settler  a when  the  tower  has  been  half 
filled,  and  as  the  liquor  approaches  this  level 
the  top  of  the  swivel  pipe  may  be  set  to  give 
exactly  the  desired  amount  of  liquor.  When 
the  liquor  ceases  to  run  the  cocks  are  closed, 
and  the  residual  liquor  in  the  settler  is  reserved 
for  the  finishing  of  the  charge  as  explained 
later. 

The  manganese  chloride  liquor  should  be 
tested  for  MnClg  by  diluting  a measured  sample 
with  boiling  water,  adding  zinc  oxide  until  the 
mixture  is  white  as  milk,  and,  lastly,  adding 
standard  potassium  permanganate  with  occa- 
sional boilings,  until  the  supernatant  clear 
liquor  shows  a pink  flush ; the  reaction  yields  a 
manganite  exactly  like  the  Weldon  process  under 
consideration  ZnO+MnO  + O^ZnO’MnOg,  and 
the  necessary  oxygen  is  obtained  from  the 
permanganate  similarly 

3Zn0+2KMn04 

=K20-Zn0+2(Zn0-Mn0j)+30 

The  percentage  of  manganese  chloride  having 
been  calculated  from  the  analysis,  the  lbs.  of 
manganese  chloride  in  the  batch  is  then  easily 
reckoned. 

The  temperature  of  the  manganese  liquor 
in  the  tower  will  be  above  atmospheric  tempera- 
ture, and  in  subsequent  operations  will  be  still 
more  so,  but  experience  has  shown  that  if  it  is 
below  55°  C.,  it  should  be  heated  to  this  point 
by  blowing  in  steam.  The  steam  pipe  is  not 
shown  in  the  figure,  and  because  of  the  shaking 
of  the  tower  it  must  pass  over  the  top  of  the 
tower,  and  terminates  at  the  bottom  of  the 
tower  in  several  branches  containing  perfora- 
tions. The  temperature  is  ascertained  by  drawing 
a sample  from  a sampling  cock  situated  in  the 
testing  cabin,  shown  in  the  figure,  from  which 


cabin  there  is  easy  access  to  all  other  parts  of 
the  plant. 

The  manganese  chloride  liquor  during  the 
above  heating  may  bo  agitated,  and  for  the 
subsequent  operation  must  be  well  agitated. 
This  agitation  is  effected  by  a blast  of  air. 
The  blowing  engine-house  is  shown  on  the  left 
hand  of  Fig.  5.  The  right-hand  cylinder  and 
fly-wheel  constitute  the  steam  engine,  the  steam 
supply  pipe  being  shown  descending  to  the 
centre  of  the  cylinder.  The  left-hand  cylinder 
is  the  blower ; the  air  is  taken  in  on  the  ends 
of  the  cylinder  through  numerous  valves  of  the 
flap  type,  faced  with  rubber,  and  is  delivered 
through  the  pipe  shown  leading  to  the  air 
pressure  regulating  vessel  m,  and  thence  by  the 
7-inch  diameter  pipe  cl  over  the  top  of  the 
tower  B,  because  of  the  considerable  shaking 
of  the  tower  during  the  subsequent  operations, 
and  thence  to  the  bottom  of  the  tower,  where 
it  ends  in  a cross  or  a gridiron  of  pipes,  marked 
71  in  Fig.  5,  that  contain  a multiplicity  of 
perforations  on  their  underside,  so  that  the 
pipes  keep  themselves  clear  from  the  liquor 
and  mud  treated  in  the  tower.  When  used  for 
agitating  purposes  alone  the  blast  of  air  required 
is  not  great,  but  the  blast  can  be  regulated  as 
desired,  and  as  described  later,  can  be  increased 
very  considerably. 

Milk  of  lime  is  required  for  the  next  opera- 
tion, and  it  is  prepared  in  the  upper  of  the  two 
tanks,  J,  J,  shown  in  Fig.  5.  Each  of  these 
tanks  is  made  of  boiler  plate,  and  is  provided 
with  an  agitator,  the  drive  being  effected  by  a 
small  steam  engine  affixed  to  the  right-hand  side 
of  the  upper  tank  J,  and  transmitted  by  a 
shaft  and  two  small  bevel  pinion  wheels  to 
either  or  both  of  the  bevel  crown  wheels  seen 
on  the  tops  of  the  two  agitator  shafts.  The 
upper  tank  only  contains  a lime  cage,  the  bottom 
of  which  is  indicated  by  a horizontal  line  above 
the  third  agitator  blade ; the  cage  is  built  of 
iron  rods  or  perforated  metal  plates  on  the 
bottom  and  sides ; the  top  of  the  cage  is  quite 
open.  The  tank  is  filled  with  water  while 
steam  is  being  also  blown  in,  until  the  hot 
water  stands  well  above  the  level  of  the  bottom 
of  the  cage.  Quicklime  is  selected  so  as  to  con- 
tain less  than  1 p.c.  of  magnesia;  it  should  be 
well  burnt,  but  not  over-burnt.  The  magnesia 
is  very  objeetionable,  because  it  accumulates 
during  the  repetition  of  the  following  processes, 
and  in  the  generation  of  the  chlorine  it  neutralises 
acid  to  no  purpose ; the  method  of  removing 
it  is  described  later.  Well-burnt  lime  does  not 
contain  more  than  2 p.c.  carbonic  acid,  and  it 
slakes  quickly  and  completely,  giving  a milk 
that  is  particularly  free  from  grit.  Over-burnt 
lime  slakes  exceedingly  slowly,  and  the  resultant 
milk  contains  large  quantities  of  minute  grains 
of  unslaked  lime,  that  react  only  exceedingly 
slowly  with  water  or  the  manganese  calcium 
chloride  liquor,  and  so  remain  inert  until  the 
chlorine  is  generated,  when  they  neutralise 
acid  to  no  purpose.  The  selected  quicklime  in 
the  form  of  large  lumps  is  put  into  the  cage, 
it  soon  slakes,  generating  thereby  luuch  heat, 
and  this  addition  is  continued  until  ihe  milk 
registers  50°  on  Twaddell’s  hydrometer,  the 
test  jar  being  gently  rotated  the  while ; the 
milk  men  contains  20  lbs.  CaO  per  cubic 
foot,  and  is  as  strong  as  can  be  conveniently 
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prepared.  The  milk  is  then  run  from  a valve  at 
the  bottom  of  the  tank  on  to  a wire  sieve  (not 
shown  in  the  figure),  and  thence  into  the  bottom 
tank  J,  which  is  used  as  a combined  store  and 
measuring  tank.  After  cleaning  out  the  cage 
and  the  wire  sieve  the  upper  tank  o is  then 
ready  for  the  next  operation. 

The  next  operation  is  the  addition  of  milk  of 
lime  to  the  hot  and  agitated  manganese  calcium 
chloride  liquor  in  b.  The  agitation  of  the  lower 
tank  J being  stopped  for  a minute,  the  exact 
position  of  the  surface  of  the  liquid  is  noted, 
and  the  internal  diameter  of  the  tank  measured  ; 
the  agitation  being  re-started,  a sample  is  taken, 
• from  which,  while  constantly  being  stirred,  a 
pipette  is  filled  and,  after  washing  the  exterior, 
the  contents  are  titrated  with  standard  hydro- 
chloric acid  till  neutral.  It  is  now  possible  to 
calculate  the  position  of  the  surface  of  the  liquid 
in  the  tank  J when  enough  milk  has  been 
removed  to  (1)  theoretically  precipitate  all  the 
MnClg,  and  to  (2)  increase  the  total  amount 
to  ’fi  times  the  theoretical,  as  long  experience 
with  the  process  and  the  due  consideration  of 
opposing  considerations,  namely,  the  rapidity 
of  oxidation,  the  completeness  of  the  oxidation, 
the  economy  of  lime  and  of  hydrochloric  acid, 
the  settling  quality  of  the  recovered  manganese, 
and  the  avoidance  of  ‘ stiff  batches  ’ have  shown 
that  this  figure  gives  the  best  result.  This 
second  addition  is  called  the  excess  lime,  and 
the  amount  desired  is  accordingly  0'6. 

The  pump  k is  now  put  into  operation,  and 
the  milk  pumped  into  the  tower  by  the  pipes 
shown,  due  regard  being  had  to  the  means 
already  described  of  overcoming  the  effect  of 
the  shaking  of  the  tower  on  the  end  of  the  pipe. 
During  this  operation  the  utmost  vigilance  is 
required  in  the  testing  cabin,  samples  being 
drawn,  filtered,  and  tested  as  rapidly  as  possible. 
The  first  test  is  simply  that  for  alkalinity  with 
red  litmus  paper,  but  as  manganous  hydroxide 
is  to  some  extent  soluble  in  calcium  chloride 
solution,  the  alkali  test  is  not  proof  that  all  the 
manganese  chloride  has  been  decomposed.  A 
second  test  is  therefore  made  by  adding  to  the 
filtered  sample  a strong  solution  of  bleaching 
powder,  which  produces  a brown  precipitate 
or  colour  if  any  manganese  is  still  present. 
Should  manganese  still  be  present,  either  more 
milk  of  lime  must  be  added,  or  a little  more  time 
given  for  that  already  added  to  react.  When 
sufficient  lime  has  been  added  to  just  remove  all 
the  manganese  from  the  solution  the  addition 
is  stopped,  and  the  amount  that  has  been  added 
is  measured  and  recorded. 

The  amount  of  lime  so  far  added  is  always 
found  to  exceed  that  expressed  by  the  simple 
equation  MnClg  + Ca(  OH)  2 = Mn(  OH)  2 + CaCl2 , 
because  of  the  solubility  of  Mn(OH)2  in  CaCl2 
solution  already  mentioned,  and  because  milk 
of  lime  always  contains  larger  particles,  or 
inactive  particles,  that  only  react  very  slowly, 
and  for  these  reasons  the  excess  lime  may  vary 
from  OTO  to  0'45  (the  theoretical  lime  named 
above  being  1 ’00) ; but  it  is  fairly  constant  for 
any  one  source  of  supply  of  the  quicklime,  and 
for  a routine  method  of  working. 

The  amount  of  calcium  chloride  present 
profoundly  alters  the  solubility  (and  hence  the 
reactiveness)  of  the  calcium  hydrate,  as  is  shown 
by  the  following  figures  for  60°  C.  : 


Percentage  CaC^ 

in  solution  ,0  5 10  15  20  25  30 

100  c.c.  dissolve 

grams  of  CaO  . '09  '11  '13  '17  '22  '29  '38 

and  whereas  in  the  two  weaker  solutions  the 
solubility  decreases  with  further  rise  of  tempe- 
rature, in  all  the  other  solutions  the  solubility 
increases,  and  the  more  so  the  stronger  the 
solution.  The  solubility  is  more  than  mechanical, 
as  on  cooling  very  long  crystalline  needles  of 
the  oxychloride 

Cl'Ca'0'Ca'0H+7H20 

separate  and  from  strong  hot  solutions  so  much 
that  the  mixture  becomes  apparently  solid  and 
can  be  inverted,  and  this  has  been  assumed  to 
be  one  of  the  reasons  for  the  production  of 
‘ stiff  batches  ’ mentioned  later. 

The  amount  of  calcium  chloride  in  the 
batch  may  be  readily  determined  with  sufficient 
accuracy  from  the  sample  drawn  when  the 
precipitation  of  the  manganese  was  found  to  be 
complete,  by  filtering  and  taking  the  degrees 
Twaddell  of  the  filtrate  and  applying  a cor- 
rection of  0'07°  Tw.  per  1°  temperature  variation, 
and  the  table  : 

Percentage  CaC'l2 

in  solution  . 0 5 10  15  20  25  33 

° Twaddell  at 

18'6°  c'  15°  c*  -O'l  8'0  lb'5  25'5  34'8  44'6  54'6 

In  the  present  batch  from  native  manganese 
the  liquor  will  contain  about  18  p.o.  only,  and 
because  of  the  low  solvent  power  of  this  strength 
of  calcium  chloride  on  the  free  lime  in  the 
excess  lime  already  added,  it  is  not  permissible 
to  add  any  more  excess  lime  until  some  of  the 
free  lime  has  been  removed  by  converting  it 
into  calcium  manganite. 

For  this  purpose  the  blast  of  air  from  the 
blowing  engine  is  increased  to  its  maximum 
and  continued  until  the  end  of  the  operation. 
The  fixation  of  the  oxygen  causes  the  temjjera- 
ture  to  rise  a few  degrees,  and  the  reaction 
Ca0-l-Mn0-l-0==Ca0.Mn02  reduces  the  amount 
of  free  lime  and  changes  the  colour  of  the 
precipitate  from  light  yellow  to  brown,  and  then 
to  black.  After  about  a quarter  of  an  hour  a 
quarter  of  the  remaining  excess  lime  desired  is 
added,  and  these  additions  repeated  after  three 
more  periods  of  blowing. 

This  procedure  is  necessary  to  prevent  the 
batch  going  ‘ stiff,’  i.e.  changing  from  a free- 
flowing  turbid  liquid  to  a pasty  liquid,  or  even 
to  a paste  so  thick  that  it  stops  the  blowing 
engine,  and  the  whole  plant  has  to  be  stopped 
while  the  paste  is  dug  out.  The  cause  of  this 
stiffening  is  the  separation  of  crystalline  com- 
pounds said  not  to  be  the  calcium  oxychloride 
already  mentioned,  but  rather  a very  basic 
calcium  manganous  manganite 
2Ca0'2Mn0'Mn02 

To  attempt  to  cure  a stiff  batch  the  excessive 
bases  must  be  reduced  by  running  in  more 
manganese  chloride,  and  increasing  the  blast  to 
its  utmost. 

If,  on  the  other  hand,  a sufficient  supply  of 
free  base  is  not  present  when  the  blast  is  turned 
on  full,  then  the  manganous  hydroxide  is  not 
converted  into  a manganite  at  all,  but  into  the 
oxide  Mn304,  which  may  be  written  Mn0'Mn203, 
and  the  batch  turns  ‘ red  ’ or  foxy,  and  no 
amount  of  blowing  or  of  further  base  will 
subsequently  convert  it  into  a manganite. 
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During  the  blowing,  samples  are  taken  each 
half-hour  and  tested  for  the  amount  of  MnOa 
by  adding  to  a measured  quantity  a measured 
solution  of  standardised  ferrous  sulphate  and 
sulphuric  acid,  so  that  the  manganites  are  all 
dissolved,  when  the  excess  of  ferrous  sulphate 
is  determined  by  titration  with  standard 
permanganate  solution.  By  the  repetition  of 
this  test  the  time  required  for  the  blowing  is 
found,  that  is  the  time  required  for  the  MnOg 
per  cubic  foot  to  attain  its  maximum  ; three 
hours  should  suffice.  During  the  progress  of 
the  blowing  filtrates  from  samples  will  show  a 
diminution  of  and  then  the  disappearance  of 
the  free  lime.  The  simultaneous  oxidations 
of  the  mixture  (CaO-f-MnO)  and  of  the  excess 
MnO  to  form  (Ca'OMnOa)  and  (MnO’MnOg)  is 
now  complete,  and  continued  blowing  has  no 
further  effect. 

But  a new  reaction  is  now  brought  into  play 
by  the  addition  of  a second  supply  of  manganese 
chloride  liquor  to  the  blowing  tower,  namely 

2(CaO-MnO.)+MnCl2 

= (CaO-2MnO,)  + CaCl2+MnO 

and  by  continuing  the  air  blast  the  MnO  is 
converted  into  (Mn0'Mn02),  as  in  the  first 
part  of  the  operation.  The  addition  of  the 
mafiganese  chloride  is  continued  only  until  a 
sample  hltered  and  tested  with  hypochlorite 
gives  a reaction  for  manganese.  Further 
samples  show  that  as  a result  of  the  continued 
blowing  this  reaction  soon  ceases,  whereupon  a 
little  more  manganese  chloride  is  added.  The 
‘ blowing  out  ’ of  the  manganese  becomes  slower 
with  each  addition,  and  when  it  becomes  too 
slow,  no  more  is  added,  and  the  whole  operation 
is  ended.  The  effect  of  this  last  operation  is  to 
increase  the  amount  of  chlorine  that  can  be 
manufactured  from  the  mud,  without  increasing 
the  amount  of  acid  required  for  that  manufacture. 

The  mud,  consisting  of  calcium  dimanganite 
Ca0'2Mn02  and  manganese  manganite 
MnO 'MnOg,  suspended  in  a calcium  chloride  solu- 
tion is  now  run  from  the  base  of  the  oxidising 
tower  by  the  cock  and  main  c,  c.  Fig.  5,  into  the 
mud  settlers  c,  c,  similar  in  construction  to  the 
settlers  a above.  After  a few  hours  settling  is 
complete  and  the  clear  supernatant  calcium 
chloride  liquor  may  then  be  run  away  through 
the  main  e,  e by  opening  the  cock  near  the 
bottom  of  the  tank  and  gradually  lowering  the 
swivel  pipe  p,  until  the  black  mud  below  is 
reached. 

The  manganese  mud  is  now  ready  to  be 
used  in  the  manufacture  of  chlorine.  It  differs 
from  native  manganese  in  that  it  is  entirely 
soluble  in  hydrochloric  acid  and  that  it  dissolves 
very  much  more  readily.  The  generating 
tank  therefore  does  not  require  a false  bottom, 
and  it  is  made  very  large.  Fig.  5 shows  four 
such  stills  D,  D,  that  may  be  12  feet  diameter  and 
12  feet  deep.  They  are  octagonal,  but  otherwise 
resemble  in  construction  the  native  manganese 
still  shown  by  Fig.  4.  The  right-hand  end  still 
is  shown  in  section,  the  two  columns  s,  s are  the 
perforated  stone  blocks  for  blowing  in  steam. 
The  outlet  liquor  pipes  are  not  shown,  nor  are 
the  gas  outlet  pipes,  nor  the  acid  inlet  pipes. 

Into  the  still  is  charged  any  liquor  available 
from  the  still  e,  because  though  it  is  not  strong 
enough  to  act  further  on  native  manganese,  it 


will  act  on  recovered  manganese  mud,  and  this 
is  one  of  the  advantages  of  the  Weldon  process. 
Muriatic  acid  is  then  also  run  into  the  still  till 
the  acid  liquors  are  2 feet  deej^.  The  settled 
mud  in  the  settler  tank  C may  then  be  stirred 
by  a hand  rake,  to  make  it  a little  more  fluid, 
and  run  through  a cock  cj  situated  in  the  bottom 
of  the  settler,  into  the  main  /,  /,  and  thence 
through  another  cock  into  the  luted  trap  h, 
whence  it  runs  into  the  still.  The  chlorine  is 
given  off  very  readily,  and  the  rate  of  evolution 
of  the  chlorine  is  regulated  by  regulating  the 
admission  of  the  mud.  As  the  acid  becomes 
exhausted  steam  is  blown  in  to  raise  the  tem- 
perature, and  the  further  additions  of  mud  are 
made  with  caution,  until  samples  taken  from 
the  still  by  an  earthenware  cock,  not  shown, 
cease  to  be  clear  yellow,  and  become  a clear 
coffee  colour  that  is  not  removed  by  further 
steaming.  A sample  tested  with  standard 
caustic  soda  solution  will  then  show  the  presence 
of  about  0'5  p.c.  of  free  acid.  The  waste  manga- 
nese liquor  is  now  run,  as  before  described,  into 
a neutralising  well  g by  opening  an  earthenware 
cock  and  the  Weldon  recovery  process  is  repeated, 
but  with  the  following  alterations. 

The  manganese  chloride  liquor  contains  a 
large  quantity  of  calcium  chloride,  but  is  com- 
paratively free  from  ferric  chloride,  aluminium 
chloride,  and  free  hydrochloric  acid,  and  there- 
fore requires  much  less  limestone  dust  to  neutra- 
lise and  purify  it.  There  is  accordingly  much 
less  deposit  in  the  settling  tanks  a,  a.  The  liquor 
charged  into  the  oxidising  tower  b contains  an 
increasing  amount  of  'calcium  chloride,  and  this 
may  amount  to  nearly  three  times  as  much  as 
the  manganese  chloride  with  advantage,  as 
instead  of  adding  the  residue  of  the  ‘ excess  ’ 
lime  in  small  repeated  portions  as  previously 
described,  the  whole  of  the  residue  may  be 
added  at  once,  and  by  adopting  the  method  of 
testing  already  described  the  whole  of  the  lime 
may  be  added  at  once  without  discriminating 
between  the  ‘ theoretical  lime  ’ and  the  ‘ excess 
lime,’  thus  saving  time  in  blowing  and  labour 
in  testing. 

When  sufficient  mud  has  accumulated  in 
settlers  A,  a,  a long-handled  plug  (indicated  by  a 
dotted  line  in  each  of  the  tanks)  is  lifted,  and 
the  mud  is  run  through  pipes  q to  filter  presses 
(not  shown  in  the  figure),  where  as  much  manga- 
nese chloride  liquor  as  is  possible  is  recovered, 
and  the  cakes  of  stiff  nearly  dry  mud  are  then 
thrown  away. 

When  sufficient  manganese  chloride  liquor 
has  been  made  from  native  manganese  in  the 
still  E to  sufficiently  stock  the  settlers  a and  c 
and  to  give  working  charges  in  g,  b,  and  d, 
then  only  so  much  native  manganese  requiies 
to  be  dissolved  in  e as  will  counterbalance  the 
unavoidable  losses  in  the  whole  of  the  Weldon 
plant. 

(&)  T'he  Gaseovs  Hydrochloric  Acid  and  Ahno- 
Sflieric  Oxygen  Method. — After  many  unsuccess- 
ful attempts  made  by  Oxland  (1840),  Jullion 
(1846),  Binks  (1860  and  1862),  Dufrene  (1865), 
and  others,  the  labours  of  H.  Deacon  and  F. 
Hurter,  in  the  years  from  1868  on,  produced  an 
entirely  successful  chlorine  process  which  is 
founded  on  the  direct  oxidation  of  the  H in  HCl 
by  atmospheric  oxygen,  and  which  utilises  much 
more  of  the  HCl  than  any  process  employing 
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either  native  or  recovered  MnOa-  Some  pro- 
cesses patented  after  theirs  (Henderson,  1871  ; 
Weldon,  1871  ; Wigg,  1873,  &c.)  proceed  on  the 
same  lines,  but  have  not  been  practically 
successful. 

The  Deacon  process  starts  from  the  well- 
known  fact  that  a mixture  of  hydrochloric  acid 
gas  and  oxygen  at  a temperature  just  below  a 
red  heat,  especially  in  contact  with  porous 
substances,  partially  changes  into  chlorine  and 
water:  2HC1+0=H20-|-Cl2.  This  decom- 
position is  very  much  assisted  by  the  employ- 
ment of  substances  which  serve  as  oxygen- 
carriers,  and  of  these  the  salts  of  copper  (pre- 
viously employed  by  Vogel,  1855  ; Gatty  and 
Laurent,  1860 ; Mallet,  1866),  have  been  found 
most  useful.  Probably  in  all  cases  cupric 
chloride  is  formed,  which  at  once  splits  up  into 
cuprous  chloride  and  free  chlorine.  The  CugCla 
combines  with  oxygen  to  form  oxychloride 
CuO'CuCla,  and  this  acts  again  upon  HCl, 
yielding  water  and  reforming  cupric  chloride, 
so  that  the  reactions  can  begin  over  again  : 

(1)  2CuClo=Cu2Cl2+Cl2  . 

(2)  CU2CI2 + 6 = Cl— Cu— 0— Cu— Cl 

(3)  Cu20Cl2+2HCl=H20-l-2CuCl2 

Theoretically,  all  the  HCl  would  thus  be  con- 
verted into  chlorine,  but  in  practice,  under  the 
best  conditions,  about  two-thirds  of  this  decom- 
position is  effected.  The  undecomposed  HCl  is, 
however,  not  lost,  but  is  recovered  and  can  be 
utilised  for  other  purposes,  e.rj.  for  the  Weldon 
process. 

From  a diagram  constructed  by  Hurter, 
showing  the  affinity  of  technically  available 
elements  for  oxygen,  chlorine,  and  hydrogen,  it 
appears  that  no  other  metal  than  copper  forms 
two  oxides  and  two  chlorides,  in  which  the  com- 
bination is  of  so  loose  a character.  It  is  there- 
fore almost  a certainty  that  a cheaper  and 
equally  efficient  catalyst  cannot  be  found,  and 
that  the  Deacon  process  is  the  best  for  the 
direct  conversion  of  gaseous  HCl  into  free 
chlorine. 

Deacon’s  process  deals  with  the  gaseous 
hydrochloric  acid,  as  it  is  evolved  in  decom- 
posing common  salt  by  sulphuric  acid  without 
condensing  it  into  liquid  acid.  This  is  evi- 
dently a great  advantage  in  one  way,  but  when 
the  salt  cake  is  made  in  the  ordinary  hand- 
worked pot  and  furnace,  it  has  the  drawback 
that  in  the  beginning  of  each  oj^eration  much 
more  HCl,  and  hence  more  Cl,  is  got  than  after- 
wards. In  practice,  only  the  gases  from  the 
decomposing  pots,  say  68-70  p.c.  of  the  total 
HCl,  are  used  for  the  Deacon  process,  those 
coming  from  the  roasters  being  too  dilute  and 
containing  too  much  sulphuric  acid.  In  order 
to  equalise  the  operation  to  a certain  extent,  j 
the  gases  from  two  sMt-cake  pots  can  be  mixecl 
and  the  pots  worked  alternately,  so  that  the 
strong  gas  from  the  early  part  of  one  charge  is 
mixed  with  the  weak  gas  from  the  latter  part 
of  the  other  charge.  | 

The  quantity  of  air  necessary  to  form  chlorine  j 
enters  through  the  joints  of  the  doors  and 
dampers.  It  is  regulated  by  the  speed  of  the 
aspirator  (a  Root’s  blower)  or  cast-iron  fan, 
which  is  placed  at  the  end  of  the  whole  apparatus 
and  produces  the  movement  of  the  gases  through 
it.  Usually  there  are  4 vols.  of  air  to  1 vol.  of 


HCl.  An  excess  of  air  is  less  injurious  than  a 
deficiency  of  it,  in  which  case  there  is  a poor 
decomposition. 

The  gases  leaving  the  pot  are  first  cooled  by 
a long  string  of  pipes  and  a scrubber ; thus 
much  of  the  water  and  about  ^ or  ^ of  the  HCl 
is  removed.  A patent  by  Deacon  and  Hurter 
(Eng.  Pat.  2104,  1888)  provides  for  cooling  the 
gas  and  drying  it  in  a sulphuric -acid  tower 
before  it  enters  the  decomposer,  such  complete 
drying  being  very  advantageous  for  the  pro- 
cess. The  gases  now  enter  the  heating  apparatus. 
This  is  a furnace,  16  feet  X 16  feet,  in  which 
twenty-six  vertical  pipes,  12  inches  wide  and 
9 feet  high,  are  arranged  in  two  sets  of  twelve 
each,  connected  like  the  ‘ breeches  pipes  ’ in  the 
blast -heating  stoves,  formerly  used  in  ironworks 
and  now  replaced  by  brick  heaters. 

The  gases  are  here  heated  up  to  500°  ; the 
waste  heat  of  the  furnace  is  sufficient  for  heating 
the  decomposer,  which  does  not  possess  any  fire 
of  its  own. 

The  gases  now  pass  into  the  decomposer 
(Eig.  6).  This  is  an  upright  cast-iron  cylinder, 
12  to  15  feet  wide. 

It  contains  a 
cylindrical  ring 
of  broken  bricks 
D,  D,  supported 
by  two  cylindrical 
cast-iron  rings  of 
shutters  ' placed 
concentrically  one 
within  the  other. 

The  gases  enter  at  Eig.  6. 

the  circumference 

at  A,  pass  radially  across  the  decomjDOsing  mass 
D into  the  inner  space,  and  are  led  away  through 
the  pipe  ob.  The  annular  space  between 
the  shutters  is  3 feet  wide,  and  is  divided  into 
six  compartments,  one  of  which  is  emjitied 
every  fortnight.  This  is  done  by  means  of  the 
discharging  doors  c,  c below  the  cylinders. 
Eresh  decomposing  material  is  then  thrown  in 
from  above  through  e,  e ; this  material  consists 
of  burnt  clay  broken  up  into  lumps,  or  ordinary 
bricks  broken,  freed  from  dust,  and  dipped  into 
a solution  of  cupric  chloride.  The  mass  con- 
tains about  0’6-0’7  p.c.  of  metallic  copper. 
After  the  active  substance  has  served  once, 
that  is,  for  10  to  12  weeks,  it  is  thrown  away. 
Each  cwt.  of  clay  produces  about  10  to  12  cwts. 
of  bleach.  It  has  been  found  useless  to  attempt 
utilising  the  contact  substance  by  redipping 
it  in  the  copper  solution  or  in  any  other  way. 
The  cost  of  copper  for  the  contact  substance 
does  not  exceed  Is.  per  ton  of  bleach  produced. 

The  temperature,  both  in  the  heating  apjia- 
ratus  and  in  the  decomposer,  must  be  most 
carefully  regulated,  for  which  purpose  special 
pyrometers  have  been  constructed  (c/.  Hurter 
on  Pyrometers,  J.  Soc.  Chem.  Ind.  1886,  625). 
In  the  decomposer,  it  ought  to  range  from  480° 
to  500°. 

When  the  gases  leave  the  decomposer,  they 
consist  of  a mixture  of  HCl,  free  CI2  and  steam. 
In  the  best  case,  two-thirds  of  the  HCl  is  con- 
verted into  chlorine,  but  sometimes  only  one  half. 
The  hot  exit  gases  are  now  cooled  by  passing 
through  a long  string  of  earthenware  or  glass 
pipes,  and  are  then  freed  from  HCl  by  washing 
with  water  in  the  ordinarv  acid  condensers, 
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consisting  of  stone  towers  filled  with  coke, 
combined  or  not  combined  with  acid  cisterns, 
Woultf’s  jars,  &c.  By  properly  managing  this 
process,  all  the  acid  can  be  obtained  in  the 
strong  state,  as  required  for  the  Weldon  process 
and  other  purposes. 

The  gases  can  now  be  employed  directly  for 
making  bleach  liquor  or  chlorate  liquor  from 
milk  of  lime.  If,  however,  bleaching  powder  is 
to  be  made,  they  must  be  freed  from  water 
because  the  ratio  of  water  to  chlorine  is  so  great 
that  strong  bleaching  powder  could  not  be 
made ; the  amount  of  water  depends  on  the 
temperature,  and  can  be  found  from  tables  of 
the  tension  of  aqueous  vapour ; the  amount 
of  chlorine  is  at  most  10  p.c.  by  volume.  The 
water  is  removed  by  passing. the  gases  through 
a lead  tower  packed  with  coke,  down  which 
sulphuric  acid  of  not  less  than  140°Tw.  is  kept 
flowing. 

As  will  be  seen  from  the  description,  there 
is  theoretically  no  loss  of  HCl  in  the  Deacon 
process,  the  whole  of  the  acid  evolved  from 
the  salt  being  either  converted  into  chlorine 
or  recovered  by  condensation  as  liquid  hydro- 
chloric acid.  In  practice,  of  course,  some  losses 
occur,  but  they  are  not  necessarily  large,  and 
their  amount  depends  principally  on  the  efficiency 
of  the  draughting  arrangements  and  the  avoid- 
ance of  low-level  escapes  at  the  salt-cake  pots 
and  furnaces.  The  fuel  used  per  ton  of  bleaching 
powder  to  heat  the  decomposing  apparatus 
depends  naturally  on  the  efficiency  of  working 
of  the  process,  and  varies  from  6 to  10  cwts.  per 
ton  of  bleaching  powder. 

During  the  early  years  of  its  existence,  the 
Deacon  process  had  many  difficulties  to  contend 
with,  and  the  working  results  were  disappointing 
and  unsatisfactory. 

The  fact  that  the  impurities  accompanying 
the  gaseous  HCl  were  sufficient  to  seriously  affect 
the  process  was  not  realised.  The  impurities 
are  sulphuric  and  sulphurous  acid,  arsenious 
acid,  water,  and  carbon  dioxide. 

The  sulphuric  acid  and  sulphurous  acid 
carried  along  with  the  gaseous  HCl,  especially 
when  attempts  were  made  as  they  frequently 
were  in  the  early  days,  to  utilise  the  roaster  or 
furnace  gas  as  well  as  the  pot  gas,  converted  the 
CuCla  into  CUSO4,  which  requires  a higher 
temperature  and  gives  a lower  decomposition 
than  CuCla- 

The  arsenious  acid  derived  from  the  AS4O6 
in  the  sulphuric  acid  used  forms  arsenate  of 
copper,  which  is  even  less  reactive  than  the 
CUSO4.  The  presence  of  these  impurities 
necessitated  the  frequent  renewal  of  the  de- 
composing material.  Water  is  one  of  the 
products  of  the  decomposition,  and  hence, 
when  present  in  the  inlet  gases,  increases  the 
partial  pressure  of  the  products  of  the  reaction 
and  lowers  the  maximum  p.c.  decomposition 
obtainable  under  the  conditions  of  the  process. 

Carbonic  acid  derived  from  the  fuel  gases, 
either  of  the  salt-cake  furnaces  or  of  the  de- 
composing furnace  itself,  was  a serious  obstacle 
to,  and  frequently  entirely  prevented,  the  pro- 
duction of  strong  bleaching  powder.  This 
difficulty  has  been  overcome  by  greater  care  in 
the  construction  of  the  apparatus  and  testing  for 
leakage. 

It  will  be  noted  from  the  above  description 
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that  only  the  gaseous  HCl  from  the  salt-cake  pot 
is  dealt  with  by  the  Deacon  process,  and  that 
allowing  for  the  liquid  acid  collected  after  the 
decomposers,  about  60  p.c.  of  the  total  acid  is 
obtained  in  the  liquid  form,  and  has  to  be  sold  as 
such  or  used  in  some  other  way  such  as  by  the 
Weldon  process. 

Hasenclever,  however  (Eng.  Pat.  3393,  1883), 
describes  a process  for  gasifying  the  HCl  in  the 
liquid  acid  by  mixing  with  strong  hot  sulphuric 
acid  in  a series  of  earthenware  vessels  through 
which  air  is  blown.  By  this  means,  a steady 
continuous  stream  of  gaseous  HCl  is  evolved 
with  an  easily  regulated  supply  of  air.  After 
passing  through  the  series  of  vessels,  the  vitriol 
diluted  with  the  water  contained  in  the  liquid 
hydrochloric  acid  has  to  be  reconcentrated  to  the 
original  sp.gr.  The  concentration  is  generally 
performed  in  long,  lead  brick-lined  pans,  heated 
by  top  heat,  the  fuel  gases  being  in  direct 
contact  with  the  sulphuric  acid.  This  process 
is  used  to  a considerable  extent,  but  from  the 
large  quantity  of  sulphuric  acid  to  be  concen- 
trated per  ton  of  bleaching  powder,  a very 
material  addition  is  made  to  the  cost  of  manu- 
facture. 

Other  contact  substances. — Many  substances 
have  been  the  objects  of  proposals,  some  of 
which  are  inseparable  from  the  manufacture 
of  chlorine  from  metallic  chlorides,  that  is,  from 
HCl  in  the  nascent  state.  A general  investiga- 
tion on  the  mutual  action  of  HCl  and  0 in 
the  presence  of  certain  metallic  compounds 
(of  Cu,  Fe,  Mn,  and  Cr)  was  made  by  Lamy 
(Bull.  Soc.  chim.  1873,  20,  2).  We  must  refer 
to  the  original,  and  will  only  mention  that 
copper  salte  were  found  to  be  much  more 
efficient  than  others,  and  that  with  these  the 
decomposition  is  at  its  maximum  at  about  440°. 

The  proposals  to  employ  ferric  chloride 
(Thibierge,  1855,  and  others)  or  chromic  oxide 
(Hargreaves  and  Robinson,  1872)  have  not  had 
any  practical  success. 

Nickel  oxide  was  proposed  by  L.  Mond 
(Eng.  Pat.  8308,  1886).  He  passes  HCl  over 
heated  NiO,  when  the  chlorine  combines  with 
the  base.  The  product  is  then  in  the  same 
apparatus  exposed  to  dried  and  heated  air, 
whereby  NiO  is  reformed  and  Cl  is  given  off.  In 
order  to  increase  the  active  surface,  pumice 
stone  is  impregnated  with  the  chloride,  and 
after  drying  the  mass  is  exposed  to  the  action  of 
the  gases  in  cylinders  made  of  earthenware  or 
enamelled  iron.  The  gaseous  HCl  and  air  being 
previously  heated,  the  retorts  do  not  require 
very  much  additional  heat  from  without,  and 
therefore  can  be  made  of  a large  diameter.  It 
is  claimed  for  this  process  that  it  converts  the 
HCl  completely  into  chlorine,  and  that  impure 
HCl,  which  is  unfit  for  the  Deacon  process,  is 
here  quite  suitable. 

De  Wilde  and  Reychler  proposed  (Eng.  Pat. 
17272  and  17659,  1889)  to  employ  a mixture  of 
magnesium  and  manganese  chlorides  with 
magnesium  sulphate.  The  reaction  takes  place 
in  two  stages. 


) MnaOgMga  + lhHCl 

’■=3MgCl2-f-3MnCl2+8H20-f4Cl 
2)  3MgCl2+3MnCl,+80=Mn308Mg3+12Cl 

The  process  is  not,  as  far  as  is  known,  actually 
Drked. 
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(c)  The  electrolysis  of  metallic  chlorides  method. 
— Recent  years  have  seen  a large  development  of 
electrolytic  processes  for  the  decomposition  of 
metallic  chlorides,  chiefly  those  of  sodium  and 
potassium  into  chlorine  and  alkali.  It  was 
observed  as  early  as  1800  by  Cruikshank  that 
on  electrolysing  a solution  of  common  salt, 
caustic  soda  was  formed  at  the  negative  pole. 
Berzelius,  Hisinger,  and  Davy  all  worked  on 
the  same  subject,  but  a long  time  elapsed  before 
their  observations  were  utilised  in  actual  manu- 
facture. 

The  difficulties  experienced  in  the  electro- 
lytic decomposition  of  alkaline  chlorides  on  a 
manufacturing  scale  have  been  first  the  cost  of 
the  electric  current  which  was  absolutely  pro- 
hibitive until  the  dynamo -electrical  machine 
had  been  so  far  developed  as  to  be  a commercial 
reality,  viz.  in  1872  by  Gramme,  and  when  it 
became  possible  to  conduct  electrolytic  experi- 
ments on  the  large  scale  over  long  periods  of 
time,  it  was  soon  found  that  there  were  many 
and  serious  difficulties  as  the  corrosion  of  the 
anodes,  the  evolution  of  gas  from  the  cathode, 
the  diaphragms  were  either  excessively  porous 
or  not  sufficiently  porous,  and  they  disintegrated 
rapidly,  there  were  excessive  resistances,  volt- 
ages, and  the  generation  of  heat,  and  there  were 
secondary  reactions,  so  that  neither  the 
chlorine  nor  the  alkali  metal  product  was 
obtained  in  the  expected  purity  or  quantity. 

The  various  electrical  processes  suggested  or 
tried  for  the  decomposition  of  alkaline  chlorides 
are  all  attempts  to  overcome  economically  these 
difficulties. 

Theoretically  a current  of  1 ampere  liberates 
in  1 hour  1 •3236  grams  of  chlorine. 

The  number  of  patents  taken  out  since  the 
year  1885  in  connection  with  electrolytic  cells 
for  the  production  of  chlorine,  is  enormous, 
embodying  every  variety  of  shape,  design,  and 
method  of  work.  We  shall  only  deal  with  a few 
representative  samples,  illustrating  the  broad 
classes  of  design  which  have,  up  to  the  present, 
been  used  industrially  on  a large  scale. 

In  describing  these  developments  of  the 
electrolytic  processes,  and  their  effects  upon 
Leblanc’s  process,  Lepsius  in  Berliner  Berichte 
(1909,  2915)  says,  with  German  pride,  that  it"  is 
no  wonder  that  the  electrolytic  process  was 
first  carried  out  in  Germany,  the  richest  country 
of  the  earth  in  salt  and  potash,  and  while  he 
pities  the  fate  of  poor  Leblanc,  yet  he  concludes 
with  characteristic  German  military  imagination 
and  arrogance,  that  the  bitter  international 
struggle  between  the  old  process  born  in  France 
and  developed  in  England,  and  its  two  younger 
rivals,  is  now  finished  after  the  crippling  caused 
by  the  Belgian  rival.  The  Solvay  Ammonia  Soda 
Process,  because  there  appeared  a German  rival, 
the  electrolysis  of  the  alkali  chlorides,  whose 
victorious  conquest  of  the  chlorine  market  and 
other  successes  caused  such  annihilating  wounds 
that  the  hundred-year  old  process  was  no 
longer  able  to  stand. 

Electrolysis  of  Potassium  and  Sodium  Chlorides. 

The  cells  may  be  roughly  divided  into  four 
classes. 

I.  The  cells  in  which  the  electrolyte  consists 
of  the  fused  salt. 

II.  The  cells  in  which  the  electrolyte  is  a 


salt  solution,  and  in  which  the  cathode  and 
anode  are  separated  by  a porous  partition. 

III.  The  cells  in  which  the  electrolyte  is  a 
salt  solution,  and  in  which  a moving  mercury 
cathode  is  used  to  receive  and  remove  the  sodium 
produced. 

IV.  The  cells  in  which  the  electrolyte  is  a 
salt  solution,  and  in  which  the  caustic  soda 
solution  produced  is  only  kept  from  mixing 
with  the  brine  undergoing  electrolysis  by  reason 
of  the  greater  sp.gr.  of  the  former. 

Class  I.  The  Cell  with  the  Fused  Electrolyte. — 
The  best  known  examples  of  this  cell  are  the 
Vautin  and  the  Acker  cell. 

The  Vautin  cell  (Eng.  Pat.  13568  of  1893  and 
9878  of  1894)  electrolysed  fused  NaCl  or  KCl, 
with  or  without  the  addition  of  fluorides  or  other 
chlorides  to  lower  the  point  of  fusion,  over  a 
cathode  of  molten  lead  or  tin  with  which  the 
sodium  or  potassium  formed  an  alloy.  {See 
paper  by  Vautin,  J.  Soc.  Chem.  Ind.  1894,  448.) 

The  Acker  cell  is  designed  on  the  same 
principle  as  the  Vautin  cell  and  makes  use  of  the 
lead  cathode  {see  Eng.  Pat.  6636  and  6637  of 
1898).  Below  is  a sketch  (Fig.  7)  of  the  Aker 
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cell,  taken  from  a paper  by  J.  B.  Kershaw  in 
Electrician,  Oct.  25,  1901.  The  bottom  of  the 
cell  p is  trough-shaped  and  of  cast  iron.  It 
serves  as  electrical  connection  between  the  main 
conductor  and  the  mass  of  fused  lead  l resting 
on  it.  The  upper  part  of  the  cell  Q is  con- 
structed of  any  refractory  basic  material  not 
attacked  by  chlorine  gas  or  fused  salt.  The 
anode  o is  of  carbon  and  dips  into  the  fused 
salt.  The  channels  and  subsidiary  vessel  R are 
arrangements  designed  to  remove  and  decom- 
pose the  lead  alloy  as  it  becomes  sufficiently 
saturated  with  sodium.  The  decomposition  of 
the  alloy  is  effected  by  blowing  steam  into  it,  and 
the  heat  generated  by  the  conversion  of  the 
sodium  into  hydroxide  is  returned  to  the  cell 
and  assists  in  maintaining  the  necessary  tempera- 
ture. The  voltage  actually  taken  by  the  Acker 
cell  is  6 ’75,  and  the  current  efficiency  54  p.c. 
(Report  of  Commission  on  Science  and  Arts, 
J.  Franklin  Inst.  1903,  156).  The  Acker  cell 
was  worked  at  Niagara  Falls  on  an  industrial 
scale,  from  about  1900  to  1907,  when  the  works 
were  completely  burned  down  and  have  not 
been  rebuilt. 
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Class  II.  The  Porous  Diaphragm  Cells. — The 
best  known  of  the  diaphragm  cells  is  the  Grie- 
sheim  cell,  which  has  been  used  on  a very  large 
scale  in  Germany,  and  also  in  Spain,  France, 
and  Russia. 

Fig.  8 represents  the  cell  in  longitudinal 
sectional  elevation.  Fig.  9 represents  it  in  plan, 


and  Fig.  10  represents  it  in  cross  sectional 
elevation.  The  plate  upon  which  the  cell  rests  is 
shown  by  Figs.  8 and  10  to  be  insulated  from 


Fig.  9. 


the  ground  by  wooden  bars,  this  is  so  that  a 
number  of  such  cells  may  be  run  electrically  in 
series.  The  containing  bath  kk.  Fig.  8,  kmk. 

Fig.  9,  M,  Fig.  10, 
is  built  of  sheet 
iron,  and  its  two 
long  sides  are  each 
covered  with  a 
steam  jacket  m,  the 
object  of  which  is 
to  increase  the 
temperature  of  the 
electrolytes  and  so 
to  reduce  their  elec- 
trical resistance. 
The  negative  elec- 
trical load  is  at- 
tached to  the  iron 
bath  as  indicated 
Fig.  10.  by  the  binding 

screw,  lead  and  — 
sign  on  the  right-hand  side  of  Fig.  8.  The  bath 
is  closed  by  a cover  cut  into  segments  and  shaped 
so  as  to  allow  of  the  insertion  of  the  five  hanging 
iron  cathode  plates  b.  Fig.  10,  and  shown  but 
not  lettered  in  Figs.  8 and  10,  and  the  six  porous 
anode  compartments  a shown  in  each  figure. 
Water  is  supplied  to  the  tank  k by  a pipe  (not 
shown),  and  by  the  electrolysis  of  the  brine  in 
the  anode  compartment  is  converted  into  a 


caustic  soda  solution  and  hydrogen  ; the  caustic 
soda  solution  is  drawn  off  by  the  pipe  under  tlie 
centre  of  the  tank'  shown  in  all  the  figures  ; the 
hydrogen  gas  is  led  away  by  a pipe  not  shown 
to  gasholders  for  subsequent  use.  The  anode 
compartments  are  composed  of  iron  frames 
covered  inside  with  cement,  in  the  frames  are 
set  and  cemented  the  porous  diaphragms  in 
large  flat  sheets.  These  porous  diaphragms 
were  made  by  mixing  cement,  common  salt  and 
hydrochloric  acid  in  due  proportions  into  a 
paste,  and  then  forming  into  the  shape  required  ; 
when  the  salt  subsecjuently  dissolves  the  dia- 
phragm becomes  very  porous.  The  anode  com- 
partments contain  the  anodes,  which  were  first 
the  ordinary  pressed  carbons,  then  gas  retort 
carbons,  and  then  carbons  prepared  in  a special 
anode  works,  where  the  large  pressed  plates 
were  roasted  at  the  highest  temperature  of  a 
porcelain  kiln.  These  special  anodes  had  a life 
of  twelve  months.  The  Figs.  8 and  10  show 
them  passing  through  the  covers  of  the  anode 
compartments,  and  the  external  electrical 
connections  c.  Each  cover  also  contains  a 
long  tubular  earthenware  basket  z.  Figs.  9 and 
10,  for  the  addition  of  soljd  salt  and  a pipe  L, 
Fig.  10,  for  the  escape  of  the  chlorine  gas.  The 
covers  on  the  bath,  and  on  the  anode  compart- 
ments, having  been  made  gas  tight  by  cement, 
all  the  anode  connections  are  electrically  con- 
nected as  shown  in  Fig.  8,  all  the  chlorine  pipes 
are  conneeted  into  a main  ll.  Fig.  9.  and  the 
electrical  current  may  then  be  forced  through 
the  cell. 

When  the  process  has  proceeded  so  far  that 
the  cathode  liquor  contains  about  8 p.c.  caustic 
potash  or  soda  and  about  14  p.c.  of  the  corre- 
sponding chloride,  it  was  found  that  the  chlorine 
gas  contained  several  per  cent,  of  carbonic 
acid,  and  as  this  interferes  with  the  use  of  the 
chlorine  for  making  bleaching  powder,  and  as 
the  destruction  of  the  anodes  is  too  costly,  the 
process  is  interrupted  by  stopping  the  current 
and  running  off  the  cathode  liquor  ; the  cathode 
compartment  is  then  refilled  with  fresh  brine 
and  the  current  restarted.  The  cathode  liquor 
is  then  evaporated  in  large  double  or  triple 
effect  vacuum  evaporators  until  it  contains 
50  p.c.  caustic  alkali,  during  which  all  but  a 
small  quantity  of  the  accompanying  chloride 
crystallises  out  and  is  afterwards  returned  into 
the  process. 

The  corrosion  of  carbon  anodes  led  to  their 
replacement  by  cast  anodes  of  magnetic  oxide 
of  iron  prepared  by  fusing  ferric  oxide  in  the 
electric  arc  furnace,  whereby  there  is  also  a 
partial  reduction.  The  anodes  are  difficult  to 
prepare,  but  they  have  a good  conductivity, 
and  they  last  indefinitely.  With  oxide  of  iron 
anodes  there  is  no  further  trouble  from  carbonic 
acid,  but  the  anode  liquor  then  contains  potas- 
sium chlorate  which  crystallises  out  and  is 
removed  periodically  and  utilised.  This  output 
of  chlorate  can  be  increased  at  will  by  increasing 
the  strength  of  the  caustic  alkali  in  the  cathode 
compartment. 

These  magnetic  anodes  were  exported  by 
Germany  to  America,  but  when  war  was  declared 
the  supply  was  stopped  and  a number  of  attempts 
were  made  to  produce  them  in  Ameriea.  Their 
great  drawback  is  their  extreme  brittleness,  but 
it  has  been  found  that  this  can  be  reduced  to 
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one-half  by  suitable  slow  cooling  or  annealing, 
and  that  it  can  also  be  reduced,  to  one-third  by 
the  admixture  of  about  5 p.c.  of  copper  oxide, 
and  by  combining  both  modifications  rods  of 
3 ’9  cm.  when  supported  at  17 ’8  cm.  apart 
require  a weight  of  119  kg.  in  the  middle  before 
they  snap  (Thompson  and  Atchison,  Trans. 
American  Electrochemical  Soc.  1917,  213.) 

These  cells  in  Griesheim  absorbed  from  1884- 
1892  400  h.p.,  after  which  it  was  increased  to 
800  h.p.,  and  soon  after  to  2000  h.p. ; by  1894 
installations  began  to  be  erected  elsewhere, 
Bitterfeld  in  Saxony,  Westeregeln,  Ludwigs- 
hafen,  Lamotte  in  France,  Flix  in  Spain,  and 
Slawjansk  in  South  Russia ; by  1909  the  total 
h.p.  absorbed  by  this  cell  was  33,000.  (Lepsius, 
Ber.  1909,  2895.)’ 

The  Hargreaves- Bird  Cell. — The  following 
illustration  shows  the  Hargreaves-Bird  cell  (Eng. 
Pat.  18871  of  1892  ; 5197  and  18173  of  1893). 
The  peculiarity  of  this  cell  is  that  the  diffusion 
of  the  cathode  and  the  anode  liquids  into  each 
other  through  the  diaphragm,  which  takes  place 
in  ordinary  diaphragm  cells,  is  in  this  cell  largely 
counterbalanced,  as  far  as  the  diffusion  of  the 
cathode  liquid  is  concerned,  by  employing  a very 
considerable  hydrostatic  pressure  on  the  anode 
liquid.  This  electrostatic  pressure  is,  however, 
not  sufficient  to  force  any  noteworthy  amount 
of  anode  liquid  into  the  cathode  compartment 
because  the  diaphragm  is  in  the  ordinary  sense 
nearly  liquor  tight,  but  it  is  yet  sufficiently 
porous  to  allow  the  cation,  sodium,  with  its 
electrical  charge  to  pass  through  under  the 
driving  force  of  the  electric  current.  The 
Fig.  11  is  a vertical  and  diagrammatic  cross 
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section  of  the  cell.  It  shows  two  thick  lines 
marked  ‘ Diaphragm  and  Cathode  ’ ; each  of  these 
consists  of  a sheet  of  iron  wire  gauze  on  to  one 
side  only  of  which  is  plastered  first  a layer  of 
asbestos  pulp,  and  then  a layer  of  Portland 
cement.  The  frame  of  the  cell  consists  of  a 
long  base  shown  in  the  figure  and  two  uprights 
not  shown  in  the  figure  : turning  the  cement  sides 
of  the  two  ‘‘  diaphragm  and  cathode  ” plates 
towards  each  other  they  are  so  firmly  pressed 
against  either  side  of  the  base  and  uprights  as  to 
form  a watertight  cell  marked  ‘ anode  chamber,’ 
at  the  same  time  electrical  contact  is  made 


between  the  iron  wire  gauzes  and  the  negative 
electric  conductor.  Two  other  sheets  of  thin 
iron  are  then  similarly  pressed  against  corre- 
sponding ledges  provided  in  the  base  and 
uprights,  but  not  shown  in  the  figure,  so  as  to 
make  with  the  two  ‘ diaphragm  and  cathode  ’ 
plates  two  chambers  marked  ‘ cathode  cham- 
ber ’ in  the  Fig.  Into  the  anode  chamber  is 
placed  the  anode  built  up  of  blocks  of  gas  retort 
carbon  on  a central  leaden  core  and  also  the 
brine  to  be  electrolysed.  Into  the  cathode 
chamber  no  liquor  as  such  is  put,  but  steam  is 
blown  in,  which  by  heating  the  anode  cell 
condenses  as  water  on  the  cathode  and  so 
continually  converts  the  sodium  deposited  by 
the  electric  current  on  the  wire  gauze  cathodes 
and  washes  the  solution  of  caustic  soda  formed 
down  to  the  bottom  of  the  cathode  chamber, 
from  whence  it  flows  by  the  trapped  run-off 
pipes.  As  it  was  found  that  a higher  efficiency 
was  obtained  by  passing  also  carbonic  acid  gas 
(the  exhaust  from  gas  engines)  into  the  cathode 
chamber,  the  manufacture  of  caustic  soda  was 
abandoned  and  replaced  by  the  manufacture 
of  sodium  carbonate. 

A paper  on  this  cell,  by  Hargreaves  (J.  Soc. 
Chem.  Ind.  1895,  p.  1011),  states  the  current 
density  as  18 ‘7  amperes  per  square  foot  of 
diaphragm ; the  voltage  required  for  the 
preceding  current  as  3 '4  volts ; the  current 
efficiency  as  80 ‘3  p.c.,  and  that  the  resultant  soda 
liquor  contains  per  100  molecules  NagCOg,  only 
3*0  molecules  NaCl  if  ordinary  care  is  exercised, 
but  that  it  is  possible  to  reduce  this  amount  to 
only  0*03  molecule.  The  present  working  is 
understood  to  give  a current  efficiency  of  about 
90  p.c.,  and  to  require  4 volts  per  cell. 

The  Townsend  Cell  (Eng.  Pat.  18403  of  1904) 
resembles  the  Hargreaves-Bird  cell  with  this 
difference,  that  the  cathode  compartment  is 
filled  with  kerosene  oil  which  squegees  the  alkali 
as  it  is  formed  off  the  cathode,  and  thus  makes  it 
possible  to  produce  chlorine  and  caustic  soda  in 
this  type  of  cell  without  great  loss  of  current 
efficiency.  Kershaw  (Electrician,  April  24, 
1908)  gives  the  current  efficiency  as  90  p.c.,  and 
the  voltage  per  cell  as  4*7.  In  the  Seventh 
International  Congress,  1909,  10,  36,  Baekeland 
describes  the  result  of  3^  years’  work  at  Niagara 
with  1000  kilowatts ; the  old  cells  were  made 
for  2000  amperes,  but  new  cells  to  consume 
four  times  this  power  will  be  capable  of  taking 
6000  amperes.  The  current  density  per  square 
foot  of  anode  surface  has  also  been  increased 
from  100  amperes  to  144  amperes.  The  attack 
on  the  carbon  anodes  requires  the  cleaning  of 
the  cell  in  about  30  days,  which  is  a very  simple 
matter,  and  the  graphite  anodes  are  so  arranged 
that  they  can  be  repaired,  and  are  ultimately 
entirely  consumed.  Aluminium  conductors  last 
longer  than  copper  conductors  in  atmospheres 
where  small  amounts  of  chlorine  are  occasionally 
present.  The  hydrostatic  pressure  in  the  anode 
chamber  is  regulated  so  that  with  a cell  using 
2500  amperes,  the  amount  of  liquor  passing 
through  the  diaphragm  is  most  advantageously 
24  litres  per  hour,  which  gives  a soda  liquor 
containing  per  litre  150  grm.  NaOH  and  200  grm. 
NaCl,  and  under  these  conditions  the  anode 
liquor  contains  but  little  hypochlorite  and 
chlorate  and  consequently  the  chlorine  has  a 
satisfactory  degree  of  purity. 
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The  Finley  Cell  (Eng.  Pat.  1716  of  1906)  has 
a double  diaphragm  dividing  the  anode  and 
cathode  compartments.  The  diaphragm  is  very- 
open  in  texture,  and  the  brine  feed  for  the  cell 
is  run  into  the  centre  compartment  between 
the  two  diaphragms,  from  where  it  passes  out- 
wards on  either  side  to  the  anode  and  cathode 
compartments.  In  this  way,  an  additional 
obstacle,  depending  for  its  strength  on  the 
speed  of  feed  of  the  brine,  is  interposed  to 
prevent  intermixture  of  the  products  of  the 
electrolysis. 

The  diaphragms  are  made  ■ of  asbestos  2-3 
mm.  thick,  and  the  compartments  are  also  only 
a few  millimetres  thick ; the  diaphragms  and 
frames  are  bolted  together  in  any  number  after 
the  fashion  of  a filter  press.  (Seventh  Inter- 
national Congress  of  Applied  Chemistry,  1909, 
X.  42.) 

Class  III.  The  cells  in  which  the  electrolyte 
is  a salt  solution,  and  in  which  a moving  mercury 
cathode  is  used  to  receive  and  remove  the  sodium 
produced. 

The  mercury  cathode  for  the  preparation  of 
alkali  metals  was  first  used  by  Davy ; it  was 
described  in  an  application  for  a patent  (Eng. 
Pat.  4349  of  1882)  by  Nolf.  It  is  mentioned 
again  in  Hermite’s  patent,  3957  of  1886.  Further 
patents  describing  its  use  are  Hermite  and 
Dubose,  Eng.  Pat.  21959  of  1891  ; Greenwood, 
Eng.  Pat.  5999  of  1891. 

The  general  principle  of  these  cells  is  that  the 

electrolysis  takes  place  between  an  anode  above 

and  a cathode  of  mercurv  verticallv  below.  The 

*/  «./ 

chlorine  liberated  naturally  rises  upwards  and 
out  of  the  solution,  and  the  sodium  or  potassium 
freed  combines  with  the  mereury  to  form  an 
amalgam.  The  amalgam,  when  sufficiently 
highly  saturated  with  the  alkahne  metal,  is  re- 
placed by  fresh  mercury  and  the  amalgam  itself 
decomposed  by  water,  with  the  liberation  of 
and  the  formation  of  a caustic  alkaline  solution. 

The  current  efficiency  of  the  modem  mercury 
cell  is  stated  to  be  not  less  than  90  p.c.,  and  the 
voltage  rec|iiired  4 ‘3  volts. 

Professor  Lepsius  (Per.  1909,  2903)  enume- 
rates the  following  advantages  and  disadvan- 
tages of  the  mercury  cell  as  compared  with 
the  diaphragm  cell : — 

The  advantages  of  the  mercury  cell  are  : 
(1)  the  purity  of  both  the  chlorine  and  the 
caustic  alkali  produced,  which  are  very  important 
advantages ; (2)  the  comparatively  high  con- 
centration of  the  caustic  solution ; (3)  the  high 
current  efficiency. 

The  disadvantages  of  the  mercury  cell  are  : — 
(1)  the  higher  voltage,  4 ’3  volts  as  against  3 '5 
volts  in  the  diaphragm  cell ; (2)  the  cost  of  the 
mercury,  of  which  72  tons  are  required  for  a plant 
utilising  6000  h.p.  ; (3)  the  greater  cost  of 

installation  apart  from  the  question  of  the 
mercury. 

The  various  patents  taken  out  and  cells 
suggested  differ  chiefly  in  the  method  adopted 
for  the  movement  of  the  mercury.  To  Castner, 
however,  belongs  the  chief  credit  of  making  the 
mercury  cell  technically  successful. 

CastneFs  Rocking  Cell. — Castner  (Eng.  Pat. 
No.  16046  of  1892)  employs  a moving  mass  of 
mercury,  connecting  up  the  anode  and  cathode 
chamber.  Patent  No.  10584  of  1893  makes  the 
movement  of  the  mercury  by  a rocking  motion 


mf  the  cell,  see  Fig.  12,  which  represents  the 
original  rocking  cell,  a is  the  cell  divided  into 


three  compartments,  and  resting  on  the  right- 
hand  side  on  adjustable  knife  edges  b.  The  left- 
hand  side  of  the  cell  rests  on  an  eccentric,  c,  re- 
volving on  a shaft;  this  gives  the  rocking  motion. 
The  two  outer  or  anode  compartments  have 
carbon  anodes  and  are  filled  with  saturated  brine; 
the  centre  compartment  contains  iron  cathodes 
and  is  filled  with  NaOH  solution.  A layer  of 
mercury,  about  | inch  thick,  lies  on  the  bottom 
of  the  cell  and  alternately  flows  from  first  one 
and  then  the  other  anode  compartment  into  and 
through  the  cathode  compartment  into  the 
other  anode  compartment.  The  chlorine  libe- 
rated in  the  anode  compartment  is  carried  away 
by  pipes  dd. 

Castner,  in  the  Chemical  Trade  Journal,  1894, 
211,  stated  that  the  results  of  1 week’s  work  on 
a unit  of  28  working  cells,  arranged  in  two  parallel 
series  of  14,  gave  a jdeld  of  930  lbs.  chlorine  and 
1120  lbs.  NaOH  per  24  hours  ; the  amperes  used 
averaging  571,  and  the  volts  55’1  or  3‘9  per  cell. 

In  1895  the  Castner  Kellner  Alkali  Co.  was 
formed  to  work  this  cell.  Works  were  erected 
in  Runcorn  with  1000  h.p. , and  other  similar  works 
were  soon  erected  abroad,  viz.  at  Osternieuburg 
near  Bernburg  with  1500  h.p.  by  the  Deutsche- 
Solvay  Werke,  at  Augsburg  by  Meister  Lucius 
& Briining,  at  Jemappes  near  Brussels  with 
1000  h.p.,  at  Liubimow  in  Russia,  at  Jaice  in 
Bosnia  with  1300  h.p.,  and  at  Niagara  Falls, 
N.  America,  by  the  Castner  Electrolytic  Alkali  Co. 
in  1901  with  6000  h.p.  (Lepsius,  Ber,  1909,  2903.) 

Kellner  Pressure-displacement  Cell. — In  this 
cell  the  chlorine  eompartment  is  placed  in  the 


Fig.  13, 


centre  of  the  cell  and  on  either  side  of  it  is  a 
caustic  compartment,  each  of  which  is  provided 
on  its  further  side  with  a recess,  dd,  which  forms 
the  alternative  reeeptacle  for  the  mercury.  In 
these  receptacles  are  immersed  pressure  vessels 
open  at  the  bottom  and  connected  at  their  tops 
to  compressed  air  supplies  which  are  automati- 
eaUy  so  regulated  that  the  mereury  is  forced  to 
move  continuously  from  side  to  side  by  com- 
pressed air. 

Above  (Fig.  13)  is  a sketch  which  shows  the 
construction  and  working  of  the  cell,  taken  from 
the  Chemiker  Zeitung,  Oct.  30,  1909. 
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The  anodes  are  platinum  gauze  of  which 
1 gram  is  made  to  cover  four  square  inches,  and 
are  placed  in  a cement  box  which  has  proved 
more  satisfactory  than  the  stoneware  jars 
formerly  used.  Each  cell  contains  six  electrode 
boxes,  and  each  box  holds  88  pieces  of  platinum 
gauze.  The  cathodes  are  cast  iron,  cast  in  grill 
shape,  and  the  primary  battery,  sodium  amal- 
gam— caustic  solution — iron,  acts  independently 
of  the  main  current  through  the  chlorine  cell, 
and  also  regulates  itself.  The  current  used  is 
4000  amperes  per  cell. 

The  great  advantage  of  this  cell  is  the  high- 
current  density  which  has  resulted  in  consider- 
able reduction  of  plant. 

The  Kellner-Solvay  Scoop  Wheel  Cell. — ^This 
cell  consists  of  two  slanting  troughs  communi- 
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Fig.  14. 

eating  with  one  another  at  each  end,  in  which 
thfc  mercury  is  kept  in  constant  circulation  by 
a rotating  scooped  wheel  placed  between  the 
two  troughs  at  the  one  end.  Tins  cell  is  built 
in  very  large  units,  taking  up  to  10,000  amperes, 
and  it  is  said  that  a 15,000-ampere  cell  is  well 
within  the  bounds  of  possibility. 

Fig.  14  is  a diagrammatic  sketch  of  the  chlorine 
side  of  the  cell,  b being  the  mercury  inlet  and  d 
the  outlet  for  the  amalgam ; the  scooped  wheel 
is,  however,  not  shown,  neither  is  the  caustic 
side  of  the  cell. 

Whiting  Cell. — A cross  sectional  view  of  this 
cell  is  shown  in  Fig.  15.  The  right-hand  side 
shows  in  the  upper  portion  the  cement  cover 
with  its  attached  graphite  anodes  and  connections 
being  lowered  into  the  brine  cell  below,  which 
consists  of  a number  (say  live)  of  separate  com- 
partments. From  each  of  these  in  turn,  and  at 
intervals  of  two  minutes,  the  mer- 
cury amalgam  is  entirely  emptied 
by  the  automatic  lifting  of  poppet 
valves,  which  are  operated  by  the 
little  shaft  and  cams  shown  above 
the  cells  towards  the  left ; and 
the  liquid  amalgam  runs  over  the 
graphite  plates  lining  the  three- 
fold zic-zac  runway  shown  on  the 
left  of  the  figure ; these  plates 
and  the  amalgam  being  immersed 
in  water  act  as  a primary  cell 
and  generate  caustic  soda  solu- 
tion, hydrogen  and  pure  mercury. 

The  mercury  next  reaches  the 
scoop  wheel  and  by  arrangements 
not  shown  in  the  figure  is  lifted 
and  flows  to  the  right  side  of  the 
figure,  whence  it  enters  each  cell 
in  rotation.  The  ebb  and  flow  of  the  mercury 
is  used  to  admit  fresh  brine  supplies  to  each 
compartment.  This  complicated  arrangement  is 
made  to  prevent  the  unequal  flow  of  mercury 
and  the  formation  of  sodium  amalgam  of  exces- 
sive strength.  The  cell  was  operated  at  the 


Oxford  Paper  Co.,  Rumford,  U.S.A.,  and  is  de- 
scribed in  Trans.  American  Electrochem.  Soc., 
17,  327  (1910). 

The  new  Castner- Kellner  Cell  differs  essen- 
tially from  the  Kellner-Solvay  cell  only  in  the 
method  of  conveyance  of  the  mercury,  which, 
in  this  case,  is  effected  by  means  of  an  Archi- 
median  screw.  Taussig,  Zeit.  fur  Elektrochemie, 
1909  659. 

Class  IV.  The  Specific  Gravity  Cell. — The  best 
known  cell  of  this  type  is  the  so-called  ‘ Glocken 
Cell,’  patented  bytheOesterreichischer  Verein  fiir 
Chemische  und  Metal lurgische  Produckte,  and 
from  1901  worldng  on  a large  scale  at  Aussig  in 
Bohemia,  Berlin,  and  Stassfurt. 

Fig.  16  is  a diagrammatic  sketch,  in  which  a 
is  the  anode  and  k the  cathode,  separated  by 
the  non-conducting  and  impervious  walls  d,  e 
of  the  bell  g.  The  bath  w is  filled  with  salt 
solution,  which  enters  at  l and  overflows  at 
the  pipe  f.  The  chlorine  escapes  at  c.  These 
walls  are  required  to  keep  the  ascending  current 
of  hydrogen  gas  arising  from  k quite  distinct 
and  separate  from  the  ascending  current  of 
chlorine  gas  arising  from  a.  The  anode  and 
cathode  are  both  situated  in  the  upper  parts 
of  the  electrolyte,  and  these  parts  are  greatly 
agitated  by  the  ascending  gas  bubbles — -but 
the  lower  portions  of  the  electrolyte  are  almost 
entirely  stagnant  and  serve  only  as  a means  of 
conducting  the  electric  current  from  the  anode 
to  the  cathode.  As  the  brine  around  the  anode 
loses  a portion  of  its  chlorine  by  escape  of  the 
gas,  and  loses  a corresponding  portion  of  its 
sodium  by  electric  migration  of  the  cation  Na' 
towards  the  cathode,  this  layer  of  liquid  becomes 
continually  lower  in  specific  gravity  and  would 
ultimately  lose  all  its  dissolved  salt  were  it 


Fig.  15. 

not  for  the  constant  feed  of  fresh  brine  at  l ; 
the  quantity  of  this  feed  is  such  that  it  is  only 
partly  able  to  counterbalance  the  reduced 
gravity.  On  the  other  hand,  the  sodium 
liberated  on  the  cathode  forms  with  the  adjacent 
brine  an  intensely  strong  film  of  caustic  soda 
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solution,  which  falhng  by  its  high  specific 
gravity  into  the  lowest  part  of  the  cell  forms  a 
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heavy  layer  there  which  is  scarcely  disturbed 
by  the  slow  current  of  weak  brine  from  the  inside 
of  the  bell  trickling  past  the  edges  of  the  bell 
to  be  partially  converted  into  caustic  soda  and 

hydrogen  before 
r ^ it  passes  away  by 

the  exit  pipe  f. 

Figs.  17,  18, 
and  19  are  dia- 
grams of  the  ac- 
tual cells ; Fig. 
17  being  a cross 
sectional  eleva- 
tion ; Fig.  1 8 a 
plan,  and  Fig.  19  on  the  left-hand  side  a 
longitudinal  sectional  elevation  of  the  bell  and 
its  attachments,  and  on  the  right-hand  side 
a cross  sectional  elevation  of  the  same.  The 


Fig.  17. 


outer  containing  vessel  is  seen  to  contain  two 
ledges  to  carry  the  bells,  of  which  there  are  a 
great  number  in  each  cell.  The  Junction  of  the 
anode  with  its  conducting  stem  is  badly  shown 


Fig.  19 


in  the  figures.  The  brine  supply^ is J different 
from  that  shown  in  Fig.  16,  for,  to  prevent  the 
agitation  of  the  electrolyte  by  the  inflow  of  brine, 
the  supply  pipe  is  made  to  traverse  the  whole 


length  of  the  anode,  its  two  ends  are  closed  and 
the  brine  escapes  by  a number  of  small  holes 
along  its  upper  side.  The  main  portions  of  the 
cathode  are  best  seen  on  the  right-hand  portion 
of  Fig.  19  at  X.  The  chlorine  passes  from  bell 
to  bell  by  the  connecting  arms  shown  in  Fig.  18, 
and  then  makes  its  exit  from  some  particular 
bell  by  the  larger  pipe  shown  in  Figs.  17  and  19, 
but  not  shown  in  Fig.  18.  The  electrical  con- 
nections are  indicated  diagrammatically  in 
Figs.  17  and  19  only.  Each  bell  takes  about  22 
amperes  at  4 volts.  (Lepsius,  Ber.  1909,  2904.) 

Electrolysis  of  Zinc  Chloride. — The  waste 
calcium  chloride  from  the  ammonia  soda 
process  has  been  utilised  since  1897  by  Brunner 
Mond  and  Co.,  of  Winnington,  as  a source  of 
chlorine.  By  heating  the  liquor  with  crude 
! zinc  oxide  and  carbon  dioxide  the  reaction 
CaCl2-kZn0  + C02=ZnCl2  + CaC03  takes  place, 
or  by  treating  it  with  native  zinc  carbonate 
(calamine)  the  reaction  CaCl2  + ZnC03=ZnCl2 
fi-CaCOg.  The  filtered  solution  of  zinc  chloride 
is  freed  from  its  impurities  (amongst  which  is  a 
not  inconsiderable  amount  of  cadmium)  and  the 
resultant  solution  is  electrolysed  with  carbon 
anodes  and  circular  revolving  cathodes  that  are 
only  partially  immersed,  to  produce  chlorine  gas 
and  an  exceedingly  pure  metallic  zinc.  Many 
of  the  details  are  due  to  C.  Hopfner  (Brit.  Pat. 
11724  of  1894,  and  D.  R.  P.  85812  of  1895). 
Fuller  details  are  given  in  two  volumes  of 
Monographien  fiber  angewandte  Elektrochemie, 
namely — Hie  Harstellung  des  Zinks  auf  elektro- 
litischem  Wege,  Gunther,  1904,  99-180  and 
Hie  elektrochemische  und  elektrometallurgische 
Industrie  Grossbritanniens,  Kershaw,  1904, 
108  ; and  also  in  Applied  Electro-Chemistry, 
Allmand,  1912,  286. 

{d)  Proposals  and  non-nnportant  methods  for  the 
manufacture  of  Chlorine. — Many  processes  have 
been  proposed  and  tried  for  utilising  the  residual 
ammonium  chloride,  or  the  residual  calcium 
chloride  of  the  ammonia  soda  process,  but  with 
the  exception  of  Hopfner’ s zinc  chloride  method 
just  previously  described,  none  are  now  in  use. 
Many  other  processes  have  also  been  tried  for 
preparing  chlorine  from  various  sources  and  in 
various  ways,  but  have  been  abandoned.  Some 
of  these  old  methods  are  enumerated  below ; 
fuller  information  may  be  obtained  from  Lunge’s 
Sulphuric  Acid  and  Alkali. 

1.  Chlorine  from  ammonium  chloride. — The 
most  persistent  efforts  for  the  direct  manu- 
facture of  chlorine  from  NH4CI  were  made  by 
Mond,  who  took  out  the  English  patents  : Nos. 
65,  66,  1049,  3238,  8308,  of  1886  ; 10955  and 
17273  of  1887  ; 2160  and  2575  of  1889.  Articles 
dealing  with  the  Mond  process  are  found  in 
J.  Soc.  Chem.  Ind.  1892,  466  ; 1893,  10  ; and 
1893,  63.  There  was  also  a proposition  from 
the  Verein  Chemische  Fabriken  of  Mainz  (Eng. 
Pat.  3322  of  1886). 

2.  Chlorine  from  CaClg. — Persistent  efforts 
for  the  direct  recovery  of  the  chlorine  in  the 
CaCl2  produced  in  the  ammonia  stills  of  the 
ammonia-soda  process  were  made  by  Solvay  : 
Patents  77  and  171  of  1877  ; 838  of  1880 ; 7258 
and  7259  of  1884;  8724  of  1885;  13389  of 
1886 ; 18574  of  1888.  Other  patents : Twy- 
nam’s  process  (Eng.  Pat.  731  of  1885)  ; Bram- 
ley’s  process  (Eng.  Pat.  8289  of  1887)  ; Lyte 
and  Steinhart  (Eng.  Pat.  21225  of  1890). 
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Chlorine  from  magnesium  chloride, — Many 
efforts  were  made  by  Weldon  to  produce  chlorine 
direct  from  MgCl2 ; his  patents  are : Eng. 
Pt.  565  of  1868  ; 967,  968,  of  1881  ; Weldon 
and  Pechiney,  9305,  11035,  of  1884;  14653, 
14654,  of  1887.  Detailed  description  of  the 
Weldon- Pechiney  experimental  plant  at  Salin- 
dre,  is  given  by  Dewar  ( J.  Soc.  Chem.  Ind.  1887, 
775).  Other  patents  are  : Wilson  (Eng.  Pat. 
3098  of  1885) ; Gamble  (Eng.  Pat.  11581  of  1888); 
Lyte  and  Tatters  (Eng.  Pat.  17217  of  1889)  ; 
Schlosing  (Eng.  Pat.  11821  of  1887  ; 11469, 

11470  of  1891).  {See  also  Eschellmann,  J.  Soc. 
Chem.  Tnd.  1889,  2 ; comp.  ibid.  100.) 

Chlorine  produced  by  'passing  HCl  gas  over 
heated  peroxide  of  iron  or  manganese  is  the 
subject  of  a patent  by  H.  Burns  (No.  15448  of 
1886). 

Chlorine  by  permanganates  has  been  the  object 
of  patents  by  Tilghman  (1847),  Condy  (1866), 
Tessie  du  Motay  (1871  and  1873). 

Chlorine  fro7n  chromates  and  HCl  has  been  pro- 
posed by  MacDougal  and  Rawson  (1848),  Peligot 
(Ann.  Chim.  Phys.  [2]  411,  267),  Gentele  (1861), 
Shanks  (1858),  Claus  (1867),  Aubertin  (1873). 

Chlorine  by  heating  metallic  chlorides  with 
MnO,  and  H,S04  was  patented  by  Binks  in 
1853." 

Chlorine  by  the  assistance  of  nitric  acid  or 
nitrates. — Baggs  and  Simpson  (1864)  proposed 
making  chlorine  from  aqua  regia.  Dunlop 
(1847)  patented  the  preparation  of  chlorine  along 
with  nitrous  acid,  by  heating  together  common 
salt,  sodium  nitrate,  and  sulphuric  acid ; the 
nitrous  acid  is  absorbed  by  vitriol  and.  the 
chlorine  is  passed  on  to  bleaching-powder 
chambers.  This  process  was  working  for  many 
years  at  St.  Rollox ; it  was  patented  again 
by  Roberts  and  Dale  in  1868  ; and  a patent 
running  on  similar  lines  is  that  of  J.  Taylor  (No. 
13025  of  1884).  Other  processes  employing 
nitrates  or  nitric  acid,  which  have  not  had  any 
practical  success,  are  those  of  Banks  (1839), 
Tessie  du  Motay  (Bull.  Soc.  chim.  22,  48), 
Schlosing  (Compt.  rend.  55,  284).  The  later 
patents  are  those  of  Donald,  Eng.  Pat.  62  of 

1887  ; and  Just,  Eng.  Pat.  14857  and  14859  of 

1888  ; Davis,  Eng.  Pat.  6416,  6698,  and  6831 
of  1890  ; Wallis,  Eng.  Pat.  13822  of  1892  ; and 
Krause,  Eng.  Pat.  16227  of  1894. 

Chlorine  Liquid. — Liquid  chlorine  was  first 
obtained  in  1805  by  Northmore.  The  pure  gas 
can  be  condensed  to  a liquid  at  atmospheric 
temperature,  15°,  by  a pressure  of  six  atmo- 
spheres, or  at  atmospheric  pressure  by  reducing 
its  temperature  to  —34°.  If  the  gas  is  not 
pure  it  requires  higher  pressures  or  lower 
temperatures  to  liquefy  it. 

The  first  to  prepare  it  commercially  was 
Knietsch  of  the  Badische  Anilin  und  Soda 
Fabrik  in  1888.  The  English  Patent  13070  of. 
1888  records  that  the  ordinary  metals  withstand 
the  action  of  chlorine  gas  provided  the  gas  be 
dry,  so  that  cast  iron,  wrought  iron,  steel, 
phosphor  bronze,  brass,  copper,  zinc  and  lead 
may  be  used  for  making  apparatus  for  dealing 
with  gaseous  and  liquid  chlorine.  The  resist- 
ance of  ordinary  metals  to  attack  was  evidently 
not  sufficient  for  the  manufacture  of  a pump 
with  moving  metallic  piston  or  plunger,  for  the 
patent  describes  two  pumps  each  with  a moving 
piston  of  concentrated  sulphuric  acid  to  confine 


and  compress  the  chlorine  gas  contained  in  one 
limb  of  a U-tube,  while  the  upper  part  of  the 
other  limb  contains  another  liquid  like  paraffin 
oil  in  which  pressure  is  exerted  either  by  an 
external  pump  filled  with  the  same  liquid. 
Fig.  20,  or  an  internal  plunger  a.  Fig.  21.  In 
the  first  figure  the  gas  valves  d and  c are  shown 


external  and  are  actuated  by  hand.  In  the  latter 
figure  the  valves  are  internal  and  are  actuated 
by  their  own  weight  and  the  pressures  of  the 
gas,  the  inlet  valve  sits  on  the  top  of  the  pipe  r, 
the  outlet  valve  sits  on  the  top  of  the  pipe 
opening  into  the  bottom  of  the  chamber  d.  To 
ensure  that  the  whole  of  the  gas  is  swept  out 
of  the  compression  chamber  a small  pipe  with 
an  external  controlling  valve  is  arranged  be- 
tween the  chamber  d and  the  compression 

chamber  so 
that  on  each 
suction  stroke 
a portion  of  the 
acid  in  d enters 
the  compres- 
sion chamber 
along  with  the 
gas  from  f,  and 
on  each  pres- 
sure stroke  first 
. chlorine  gas 
and  then  a little 
sulphuric  acid 
passes  the  auto- 
matic valve  in 
the  bottom  of 
D.  To  prevent 
intermingling 
of  the  paraffin 
and  acid  the 
pump  limb  in 
Fig.  21  is  en- 
larged in  diameter  at  b.  To  prevent  the  possi- 
bility of  gas  being  liquefied  in  the  compres- 
sion chambers,  these  are  heated  by  an  external 
jacket  as  around  b in  Fig.  20,  and  as  e,g  in 
Fig.  21.  The  compressed  gas  on  leaving  either 
form  of  pump  is  liquefied  in  a cooler,  as  g in 
Fig.  20,  and  then  runs  into  the  collecting  vessel  h. 

In  1909-10  the  manufacture  was  started  in 
the  United  States  of  America.  With  minor 
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alterations  Knietscli’s  process  is  still  used  though 
it  had  its  difiiculties.  The  Metallurgical  and 
Chemical  Engineering  of  1916,  1,  215,  states  that 
liquid  chlorine  is  now  made  almost  entirely  from 
electrolytic  chlorine,  and  that  Deacon  chlorine 
is  no  good  for  the  purpose  unless  it  is  first 
strengthened,  as  by  extracting  the  chlorine  with 
stannic  chloride  as  proposed  by  Goldschmidt. 
Starting  with  a gas  supply  of  97  to  98  p.c. 
purity  the  uncondensable  blow-off  gas  still 
contains  55-65  p.c.  chlorine,  and  this  is  absorbed 
in  bleach  chambers. 

As  already  stated  pure  chlorine  can  be 
liquefied  at  atmospheric  pressure  by  reducing  its 
temperature  to  —34°.  The  Linde  Co.,  of 
Germany,  have  introduced  the  process  of  simply 
cooling  the  chlorine  gas  to  —45°  without 
applying  any  pressure,  but  they  are  said  not  to 
liquefy  so  high  a percentage  of  the  gas  as  the 
older  process.  In  1911  Blucher’s  Modern  In- 
dustrial Chemistry  states  that  it  was  becoming 
more  and  more  general  simply  to  cool  the  chlorine 
gas  in  refrigerators  so  that  it  liquefied  at  normal 
pressures. 

The  liquid  is  supplied  in  steel  cylinders  or  in 
tank  cars  holding  several  tons.  The  physical 
properties  of  the  liquid  were  determined  by 
Knietsch  (Liebig’s  Ann.  259,  100 ; the  Fifth 
International  Chemical  Congress  ; Zeit.  f.  Comp, 
u.  fiussige  Gase,  1904,  71),  and  certain  of 
them  have  been  confirmed  by  Lange  (Zeit.  f. 
Comprimirte  und  fliissige  Gase,  1901,  39),  who 
showed  that  the  thermal  coefficient  of  expansion 
rises  steadily  to  88°  when  its  value  is  0 •00366, 
that  is  the  same  value  as  is  given  by  ordinary 
gases,  and  that  above  that  temperature  the 
liquid  expands  more  rapidly  than  the  gases ; 
he  also  showed  that  whereas  liquid  chlorine 
does  not  act  upon  iron  at  any  temperature  up 
to  83°,  yet  at  96°  there  is  a small  action  ; for 
these  several  reasons  a cylinder  of  chlorine 
filled  in  the  ordinary  way  begins  to  become 
unsafe  when  heated  to  90°. 

Applications  of  Chlorine. — It  is  used  for 
the  extraction  of  gold  from  its  ores,  and  much 
work  has  been  done  on  its  use  for  extracting 
copper,  lead,  and  zinc  from  mixed  ores.  It  is 
used  for  converting  ferrocyanide  into  ferri- 
cyanides ; manganate  of  soda  into  the  per- 
manganate, ferrous  chloride  into  ferric  chloride, 
and  was  used  for  converting  alumina  into 
aluminium  sodium  chloride ; converting  tin 
into  stannic  chloride  either  from  pure  tin  or 
from  scrap  tinned  iron,  after  which  the  residual 
iron  can  be  again  smelted  for  metallic  iron ; 
this  Goldschmidt  process  of  detinning  con- 
sumed large  quantities  of  chlorine  in  Germany 
and  led  to  the  preparation  of  liquid  chlorine  in 
the  United  States  of  America  when  a plant  in 
Chicago  was  installed  in  1911  to  treat  40,000 
tons  of  tin  scrap  per  year.  It  is  used  along  with 
electrolytic  hydrogen  for  preparing  hydrochloric 
acid  in  Germany  and  America.  It  is  largely 
used  for  purifying  drinking  water,  the  liquefied 
chlorine  being  extremely  handy  for  this  purpose 
as  the  supply  can  be  automatically  regulated  in 
any  proportion  to  the  amount  of  water  passing 
in  the  mains  ; and  a summary  of  the  work  done 
on  gaseous  chlorine  as  a disinfectant  is  given 
by  Clayton  (Journ.  Soc.  Chem.  Ind.,  1896,  320). 
When  used  for  bleaching  it  may  be  absorbed  in 
caustic  alkali  to  make  the  corresponding  hypo- 


chlorite, or  it  may  be  absorbed  in  sodium 
carbonate  solution  to  make  hypochlorous  acid 

Na^COa+Cla+H.O^HOCl+NaHCOg+NaCl 

which  acts  approximately  twice  as  energetically 
as  the  corresponding  amount  of  neutral  hypo- 
chlorite. 

It  is  used  for  converting  carbon  disulphide 
into  carbon  tetrachloride  and  sulphur  chloride, 
and  for  preparing  the  latter  direct  from  sulphur  ; 
for  converting  benzene  into  monochlorbenzene, 
dichlorbenzenes,  and  trichlorbenzenes,  acetic 
acid  into  monochloracetic  acid,  toluene  into 
benzylchloride,  benzylene  dichloride,  and  ben- 
zenyl  trichloride,  and  alcohol  into  chloral.  In 
all  these  reactions  the  hydrochloric  acid  simul- 
taneously formed  is  condensed  in  water  and  a 
very  pure  muriatic  acid  is  thus  obtained. 

It  is  combined  with  acetylene  to  form  tetra- 
chlorethane,  and  from  derivatives  of  this  it  is 
used  to  form  pentachlorethane  and  tetrachlor- 
ethene ; with  carbon  monoxide  it  is  combined 
to  form  carbonyl  chloride,  with  sulphur  dioxide 
it  is  combined  to  form  sulphuryl  chloride 
(Ullmann,  Chemische  Industrie,  1908,  405). 
Other  uses  of  chlorine  are  for  chlorinating 
anthracene,  anthraquinone,  the  cresols,  benzoic 
acid,  the  xylenes,  isoamylchloride  (Perkin,  Journ. 
Soc.  Chem.  Ind.  1912,  616),  for  the  preparation 
of  acetyl  chloride,  and  of  acetic  anhydride. 

Many  of  the  above  uses  of  chlorine  have  been 
developed  because  of  the  necessity  of  finding 
new  outlets  for  the  enormous  quantities  of 
chlorine  produced  in  recent  years  by  the  electro- 
lytic processes  for  preparing  caustic  potash  and 
caustic  soda. 

The  poisonous  properties  of  chlorine  gas  were 
first  used  in  warfare  by  the  Germans.  In  April, 
1915,  near  Ypres,  a German  deserter  in  the 
Ypres  salient  gave  warning  of  the  first  attempt 
to  use  poison  gas  in  modern  warfare.  No  one 
believed  him ; but  a week  later  the  enemy 
launched  his  first  attack  with  chlorine  gas 
against  our  unprepared  and  unprotected  troops. 
The  gas  was  liberated  from  cylinders  containing 
40  lbs.  of  liquid  chlorine.  The  German  war  of 
frightfulness  was  made  to  include  chemical 
frightfulness.  Protection  against  the  chlorine 
gas  clouds  was  obtained  by  a helmet  consisting 
of  a flannel  bag  soaked  in  a solution  of  sodium 
thiosulphate  and  sodium  carbonate,  and  con- 
taining a mica  window  (Bevan,  Journ.  Soc.  Chem. 
Ind.  1916,  651  ; Self,  Journ.  Soc.  Chem.  Ind. 
1915,  868).  Since  then  the  Germans  have 
used  a number  of  gaseous  chlorine  compounds 
as  poison  gases,  as  phosgene  COCI2,  chloro- 
picrin  CCl3(N02),  trichloromethylchloroformate 
CICOOCCI3,  “ mustard  gas  ” dichlorodiethyl- 
sulphide  (CH2C1'CH)2S,  phenylcarbylamine 
chloride,  diphenylchlorarsine,  dichloromethyl- 
ether,  chloroacetone,  chlorosulphonic  acid, 
methylchlorosulphonate  (Journ.  Soc.  Chem. 
Ind.  1918,  127  R ; and  Tone,  Metallurgical  and 
Chemical  Engineering,  1918  [2]  357).  Shame  to 
their  boasted  Kultur  ! 

In  the  following  pages  are  described  in  detail 
the  applications  for  the  manufacture  of  bleaching 
powder,  liquid  chloride  of  lime,  calcium  hypo- 
chlorite crystal,  potassium  hypochlorite  solution, 
sodium  hypochlorite  solution,  sodium  hypo- 
chlorite crystal,  potassium  chlorate,  sodium 
chlorate  and  hydrochloric  acid. 
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Chloride  of  lime  or  bleaching  powder.  By 

far  the  greater  part  of  the  chlorine  produced 
on  a manufacturing  scale  is  converted  into 
chloride  of  lime  or  teaching  'powder. 

In  1799  Charles  Tennant  took  out  a patent 
for  absorbing  chlorine  by  dry  hydrate  of  lime, 
and  the  compound  thus  formed,  ‘ bleaching 
powder,’  was  sold  by  the  St.  Rollox  Works, 
established  in  the  same  year,  at  140/!.  per  ton. 

Composition  of  Bleaching  Powder. — This 
substance  being  originally  supposed  to  be  a 
direct  compound  of  chlorine  and  lime  received 
its  original  name  of  chloride  of  lime ; but  in 
1835  Balard  propounded  the  theory  that 
bleaching  powder  was  a compound  or  mixture 
of  equivalent  proportions  of  calcium  hypochlorite 
and  chloride 

Ca(OCl)2+CaCl, 

mixed  mechanically  with  a residue  of  calcium 
hydroxide. 

In  1842  Gay-Lussac  supported  these  views. 
Subsequently  Odling,  Lunge,  Schappi  and 
Naef  showed  that  CaClg  as  such  does  not 
exist  in  bleaching  powder,  as  it  cannot  be 
extracted  by  alcohol,  etc.,  and  they  there- 
fore proposed  the  constitution  CkCa-OCl,  and 
the  full  formula  for  bleaching  powder  may 

1 Cl 

then  be  written  Ca-|  QQ+HgO.  Eree  lime  is 

always  present  in  commercial  bleaching  powder 
because  it  is  only  guaranteed  to  contain  35  p.c. 
of  available  chlorine,  and  steps  are  taken  not 
to  let  the  chlorine  exceed  this  amount  essentially ; 
bleaching  powder  can  experimentally  be  made 
much  stronger  than  35  p.c.  So  much  so  that 
any  attempt  to  express  the  free  lime  as  an 
essential  component  is  evidently  fallacious. 

Preparation  of  Lime  for  Bleaching  Powder. — 
The  lime  req  uired  for  the  manufacture  of  bleach- 
ing powder  must  be  from  as  pure  a limestone  as 
possible  and  must  be  well  burned.  Among  the 
most  suitable  limes  for  bleaching  powder  is  that 
used  in  Lancashire,  and  made  by  burning  the 
Derbyshire  limestone  in  the  district  round 
Buxton.  The  average  composition  of  this  lime- 
stone is  : 

CaCO^  . 

MgCdg  . 

. 

Insol.  etc. 

H^O  . 


99-76 


. 98-9 

. 0-29 

. 0-17 

0-35 
. 0-05 


The  burnt  lime  was  until  recently  slaked  by 
spreading  it  on  a brick  floor,  sprinkling  it  with 
water  and  turning  it  over  with  a spade  till  it 
has  completely  fallen  to  powder,  after  which 
it  is  allowed  to  remain  in  a heap  for  10  hours, 
and  the  slaked  lime  is  then  passed  through  a 
wire  sieve  of  12-18  wires  to  the  lineal  inch  by 
the  aid  of  rotating  cylindrical  sieves.  The 
operation  of  hand  slaking  gives  rise  to  a con- 
siderable amount  of  heat,  steam  and  dust  which 
being  unconfined  are  very  trying  to  the  workers, 
who  protect  themselves  with  muzzles  and 
goggles. 

For  this  reason  slaking  apparatus  have 
recently  been  introduced  whereby  the  ojieration 
is  entirely  mechanical  and  the  apparatus  is 
entirely  enclosed  and  properly  ventilated,  so 


that  not  only  are  steam  and  dust  prevented 
from  escaping  but  labour  is  also  saved. 

The  slaked  lime  as  used  for  bleaching-powder 
manufacture  contains  about  25  p.c.  HgO,  and 
should  not  contain  more  than  2-5  p.c.  CaC03. 

The  Bleaching-powder  Chambers. — The  appa- 
ratus in  which  the  chlorine  is  brought  into 
contact  with  the  slaked  lime  varies  with  the 
concentration  of  the  chlorine  gas  to  be  treated. 

With  highly  concentrated  chlorine  gas  of 
85-90  p.c.  chlorine  chambers  of  large  size  are 
used,  namely  of  about  6^  feet  in  height,  so 
that  a man  can  work  inside  them,  of  a width 
of  from  10  to  20  feet  and  more,  and  up  to  100 
feet  long.  Their  sides  and  top  are  usually 
made  of  about  5-  or  6-lb.  sheet  lead,  fastened  by 
external  lead  straps  on  an  external  timber 
framework,  exactly  like  vitriol  chambers. 

The  floor  is  made  of  large  stone  flags,  or  of 
coal-tar  asphalt,  the  joint  between  the  sides 
and  the  edge  of  the  floor  being  specially  pro- 
tected by  a skirting  and  asphalt  poured  behind  it. 

The  chambers  are  fitted ; — with  doors  at  each 
end,  so  as  to  ventilate  the  chamber  when  it 
is  being  charged  or  discharged  (generally  made 
of  iron  protected  by  paint) ; with  glass  panes 
in  two  opposite  sides  or  ends  for  observing  the 
colour  of  the  gas ; with  ‘ lutes  ’ for  introducing 
the  gas;  with  other  lutes  in  the  roof  of  the 
chambers  for  the  exit  of  the  unabsorbed  gases ; 
and  with  some  contrivance  for  removing  the 
gas  remaining  at  the  end  of  the  operation 
(v.  infra). 

Sometimes  the  chambers  are  not  erected 
on  the  ground-level,  but  upon  pillars,  like 
vitriol  chambers,  leaving  about  10  feet  of  clear 
space  from  the  ground.  In  this  case  the  packing 
of  the  finished  bleach  into  casks  can  be  done 
by  means  of  trap -doors  in  the  chamber  floor, 
with  wooden  hoppers  attached  underneath, 
below  which  the  casks  are  placed,  the  bleach 
being  pushed  down  into  them  from  above  by 
means  of  wooden  rakes. 

Suflicient  slaked  lime  is  wheeled  into  the 
chamber  to  make  a uniform  layer  of  3 to  4 
inches,  and  the  piles  of  lime  are  then  spread 
by  shovel  and  a big  wooden  rake  with  a plain 
blade  from  which  stick  out  below  two  long 
gauging  spikes  and  with  this  the  lime  is  very 
quickly  spread  into  a perfectly  even  layer  of 
the  desired  thickness.  In  order  to  assist 
absorption  the  surface  of  the  lime  is  drilled 
into  furrows  by  a rake  similar  to  that  described 
except  that  the  lower  edge  is  provided  with 
deep  notches  about  three  inches  wide  and  the 
same  in  height ; the  increased  rate  of  absorp- 
tion is  caused  not  so  much  by  the  extra  surface 
exposed  to  the  chlorine  as  by  the  continuous 
draught  of  gas  through  the  ridge  resulting 
from  the  gas  in  the  furrow  (chlorine)  being 
heavier  than  the  gas  in  the  ridge  (the  residual 
air  from  the  not  pure  chlorine).  The  chamber 
doors  are  then  closed  and  the  joints  made  gas- 
tight  with  hme  putty  or  with  a luting  made  of 
tar  and  china  clay. 

The  ‘ gassing  ’ of  the  chambers  is  done 
either  singly  or  in  series,  the  former  being  the 
old  method. 

Idle  Single-chamber  Method. — A small  lute 
in  the  top  of  the  chamber  being  opened,  the  gas 
connection  is  opened,  and  through  the  small 
windows  the  heavy  chlorine  could  be  seen 
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falling  to  the  bottom  of  the  chamber,  and  there 
vanishing.  As  the  formation  of  the  bleaching 
powder  proceeds  the  gas  spreads  further,  forms 
a layer  all  over  the  lime,  the  layer  increases  in 
thickness  and  presently  chlorine  begins  to  issue 
from  the  open  lute,  which  must  then  be  closed 
and  the  chlorine  main  connected  to  another 
chamber,  without  however  shutting  the  gas  off 
from  the  first  chamber,  which  thus  continues 
to  receive  a certain  amount  of  chlorine.  After 
a short  time  the  gas  inlet  to  the  first  chamber 
is  closed,  and  the  chamber  is  left  to  itself  for 
12  to  24  hours,  when  the  gas  becomes  pale  in 
colour  or  colourless. 

It  is  difficult  to  get  full-strength  bleach  by 
one  operation  ; there  is  always  a superficial  crust 
which  greatly  hinders  the  penetration  of  the  gas. 
It  is,  therefore,  necessary  to  turn  the  stuff  over 
with  spades,  and  treat  again  with  chlorine. 

The  opening  of  the  chamber  doors  for  this 
purpose  was  formerly  one  of  the  most  awkward 
operations  in  an  alkali  works,  as  a nuisance 
was  caused  not  only  in  the  works  but  sometimes 
at  a distance  of  a mile  or  two,  and  on  occasion 
has  been  so  intolerable  as  to  have  produced 
fatal  effects.  The  matter  is  now  under  the 
Inspector  of  Alkali,  &c..  Works.  The  gas  in 
the  chamber  must,  l3efore  any  door  is  opened, 
be  tested  by  drawing  a sample  from  the  exit 
end  at  a height  of  not  more  than  two  feet  above 
the  chamber  floor. 

For  testing  the  sample,  several  kinds  of 
apparatus  have  been  proposed : e.g.  that  of 
Ballard  (21st  Report  on  Alkali,  &c.,  Works, 
37  ; 22nd  do.  55)  and  of  Stark  (J.  Soc.  Chem. 
Ind.  1885,  311).  Ballard’s  apparatus  consists 
of  a cylindrical  glass  jar,  closed  at  the  top  by 
an  indiarubber  cork,  through  which  the  nozzle 
of  a 4-oz.  enema  ball  (finger  pump)  passes,  as 
well  as  an  elbow  tube  reaching  down  to  the 
bottom.  The  lower  end  of  this  tube  is  closed 
at  the  lamp,  so  as  to  leave  an  opening  fine 
enough  for  a needle  only  to  pass  through.  The 
horizontal  branch  of  this  tube  is  inserted  in  the 
side  of  the  chamber  at  a point  about  2 feet 
from  the  bottom.  When  compressing  the  ball, 
the  air  is  driven  out  by  a small  hole  made  in 
the  nozzle  just  above  the  cork ; this  is  now 
closed  by  the  finger,  and  on  relaxing  the  pressure 
the  ball  will  expand,  and  will  cause  4-oz. 
measures — that  is,  of  a cubic  foot — of 
chamber  air  to  enter  into  the  jar  and  bubble 
through  the  test  solution  contained  therein. 
This  is  continued  till  the  end  of  the  reaction 
is  indicated  by  the  test  liquor  turning  blue. 
The  liquor  consists  of  3 485  grains  of  arsenious 
acid,  dissolved  in  sodium  carbonate  and  rendered 
neutral  by  sulphuric  acid,  to  which  is  added 
250  grains  potassium  iodide,  50  grains  pre- 
cipitated chalk,  10,000  grains  water,  6-10  drops 
ammonia.  For  each  test  400  grains  are  used, 
adding  a little  starch  paste  at  the  time  of  using. 
When  2^  grains  of  chlorine  per  cubic  foot  are 
present  in  the  chamber  air,  ten  aspirations  of  the 
chlorometer  will  cause  a blue  colour  to  appear  ; if 
more  aspirations  are  needed,  there  is  less  chlor- 
ine present,  and  vice  versa,  Stark’s  apparatus 
attains  the  same  end,  not  by  the  finger  pump 
(which  is  certainly  a somewhat  rough  instru- 
ment), but  by  a gas  burette  on  the  Orsat 
principle. 

Another  form  of  apparatus  is  Fletcher’s 


Collapsing  Gas  Sampler,  an  aspirator  8hax)ed 
like  a concertina  made  with  ebonite  ends  and 
indiarubber  coated  cloth  sides,  into  which  a 
measured  quantity  of  sodium  arsenite  is  charged. 
It  is  easily  carried  to  the  chamber  without  fear 
of  breakage.  An  attached  rubber  tube,  a short 
length  of  glass  tube,  both  cleaned  by  recent 
washing,  and  a piece  of  soft  luting  enable  it  to 
be  attached  air-tight  to  the  chamber.  By  fully 
pulling  the  bellows  open  one-tenth  of  a cubic 
foot  of  gas  is  drawn  in,  and  the  rubber  tube 
being  then  closed  by  kinking,  the  gas  is 
thoroughly  shaken  with  the  solution ; a side 
opening  previously  closed  with  a finger  is  then 
opened  and  the  gas  expelled  into  the  operator’s 
face,  it  will  probably  not  smell  of  chlorine ; 
further  measured  quantities  of  gas  are  drawn 
in  and  shaken  until  the  expelled  gas  begins  to 
smell  of  chlorine. 

If  the  test  is  above  2^  grains  chlorine  further 
time  must  be  given  for  the  chlorine  to  be 
absorbed,  or  it  must  be  otherwise  removed.  The 
most  satisfactory  way  of  removing  the  chlorine  is 
to  dust  into  the  chamber  through  a luted  hole 
in  the  top,  more  or  less  dry  slaked  lime  either  by 
hand  or  by  Brock  & Minton’s  whizzer  (Eng. 
Pat.  7199,  1886  ; 23  Report  on  Alkali,  &c.. 
Works,  58-60).  This  machine,  on  being  lowered 
into  the  hole,  rests  in  the  water  of  the  lute  and 
no  chlorine  escapes.  The  hopper  of  the  machine 
is  filled  with  slaked  lime  powder  and  the  handle 
being  turned  the  lime  drops  slowly  towards  an 
attached  paddle  which  is  revolving  at  a high 
speed  inside  the  chamber,  and  the  large  air 
currents  which  it  sets  up  in  the  chamber  carry 
the  lime  dust  to  a considerable  distance  in  the 
chamber,  and  a very  energetic  absorption  of 
the  chlorine  begins  instantly.  To  reach  every 
part  of  the  chamber  the  machine  is  lifted  out 
of  the  hole  and  carried  to  one  or  two  other  holes 
and  these  also  dusted.  In  this  way  anything 
up  to  2 cwt.  of  chlorine  in  a chamber  100  ft. 
long  may  be  absorbed,  and  the  dust  settled 
within  3 hours. 

When  it  is  proved  by  any  of  these  tests  that 
the  air  in  the  chamber  contains  less  than  2^ 
grains  of  chlorine  per  cubic  foot,  and  it  is  day- 
light, then  the  chamber  doors  may  be  opened. 

After  the  doors  have  been  opened,  and  the 
chamber  allowed  to  ventilate  itself  a little,  the 
workmen  wearing  thick  flannel  muzzles  may 
enter,  and  with  shovels  turn  the  bleach.  The 
doors  are  then  closed,  luted,  and  the  chamber 
gassed  again  as  before  described. 

Sometimes  this  must  be  done  even  a third 
time,  before  the  appearance  of  the  product 
and  the  laboratory  test  show  it  to  be  finished. 
To  avoid  the  objectionable  turning  of  the  bleach 
in  some  British  works  and  generally  in  Germany 
and  France  the  layers  are  made  only  two  or 
even  only  one  inch. 

The  Series  oj  Chambers  Method. — This  method 
was  described  in  Lunge’s  Sulphuric  Acid  and 
Alkali,  1880,  as  the  only  rational  one.  It  was 
described  in  the  Inspector  under  the  Alkali  Acts 
Report  for  1885  as  a most  important  improve- 
ment used  in  a large  English  works  by  which 
stronger  bleach  was  prepared  than  previously 
possible  and  that  without  losing  chlorine  or 
causing  a nuisance.  It  was  again  described  by 
Jahne  of  Petrowitz,  and  the  abstract  is  found 
in  J.  Soc.  Chem.  Ind.  1887,  367. 
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The  series  consists  of  at  least  three  chambers, 
better  four,  or  even  more,  and  with  the  Deacon 
chambers,  which  are  worked  on  the  same  method, 
seven  chambers  form  a series.  In  the  series  the 
gas  always  enters  first  into  a nearly  finished 
chamber,  and  the  unabsorbed  gas  passes  in 
succession  through  other  chambers  which  are 
further  and  further  removed  from  being  finished 
until  the  whole  of  the  chlorine  is  absorbed  and 
the  exit  gas  is  accordingly  ‘ sweet.’  The  thick- 
ness of  the  layer  of  slaked  lime  must  be  such 
that  the  whole  of  it  can  be  sufficiently  chlorinated 
without  turning.  When  it  is  considered  that 
the  first  chamber  has  been  sufficiently  chlori- 
nated the  stream  of  strong  chlorine  is  directed 
into  the  next  following  chamber  and  is  cut  off 
from  the  finished  chamber.  The  finished 
chamber  is,  of  course,  full  of  chlorine  nearly  as 
strong  as  that  supplied  by  the  generators  and 
it  is  absorbed  by  the  bleaching  powder  only 
exceedingly  slowly.  The  easiest  and  quickest 
way  of  removing  this  gas  is  by  the  use  of  Brock 
and  Minton’s  whizzer  described  in  the  ‘ single 
chamber  method.’  When  the  chamber  is 
sweetened  with  all  the  precautions  previously 
described  it  may  be  opened  ; the  bleach  may  be 
very  carefully  sampled,  taking  great  care  to  take 
due  proportions  of  the  top  and  bottom  layers, 
and  the  sample  tested  in  the  laboratory.  The 
experience  of  the  workmen  generally  leads  to 
the  obtaining  of  a satisfactory  test,  but  should 
it  be  low  the  chamber  may  be  turned  or  not, 
closed,  and  gassed  again  for  a certain  time,  and 
then  treated  as  before,  and  finally  the  bleaching 
powder  removed.  The  empty  chamber  is  at 
once  limed,  closed,  and  put  into  the  working 
series  again,  but  now  as  the  last  chamber  of  the 
series.  Each  chamber  in  turn  comes  up  to 
strength  and  is  removed  from  the  series,  packed, 
limed  and  inserted  again  into  the  series ; and 
so  on  indefinitely.  The  system  of  gas  pipes  and 
lutes  necessary  for  making  these  changes  is 
figured  in  Lunge’s  Sulphuric  Acid  and  Alkali, 
3rd  ed.  vol.  3,  p.  618,  for  a set  of  three  chambers, 
and  the  same  system  of  pipes  are  used  for  the 
Deacon  Chambers  next  described. 

The  following  rules  relating  to  bleaching 
powder  chambers  worked  in  either  of  the  two 
preceding  ways  are  recommended  by  the  Chief 
Inspector  of  Alkali,  &c..  Works  (Mr.  A.  E. 
Fletcher),  in  his  21st  Report,  12  : — 

I.  Bleaching-powder  chambers  should  con- 
tain not  less  than  200  square  feet  of  floor  space 
for  every  ton  of  powder  made  in  them  per  week. 
If  there  is  less  space,  the  work,  and  especially  the 
packing,  must  be  hurried  too  much. 

II.  The  chambers  should  be  so  arranged  and 
connected  together  that  the  residual  chlorine 
from  a finished  chamber  may  be  drawn  into  one 
containing  fresh  lime,  unless  some  other  means 
be  employed  for  absorbing  it  (such  as  Brock  and 
Minton’s  plan  described  above).  The  air  finally 
discharged  into  the  atmosphere  or  into  a flue  or 
chimney  must  not  contain  more  chlorine  than 
2^  grains  per  cubic  foot. 

III.  No  chamber  should  be  opened  when  the 
air  in  it  contains  more  than  2^  grains  of  chlorine 
per  cubic  foot.  In  testing  for  this,  the  air 
should  be  drawn  from  a point  not  more  than 
2 feet  above  the  chamber  floor,  and  taken  from 
the  draught  end. 

IV.  No  chamber  may  be  opened  until  the  air 


in  it  has  been  tested,  and  the  result  of  such  test 
entered  in  a book. 

V.  No  chamber  may  be  opened  except  in 
daylight. 

Mechanical  Chambers  for  absorbing  Strong 
Chlorine  Gas. — Many  proposals  have  been  made 
for  meehanical  absorbing  apparatus  for  strong 
chlorine,  but  none  of  them  seems  to  have  met 
with  permanent  success  ; sometimes  the  working 
parts  are  worn  out  after  a short  time,  and  some- 
times the  bleach  produced  in  them  is  too  weak. 
Of  course,  it  cannot  be  said  that  the  construction 
of  a mechanical  chlorine  absorber  for  dry  lime  is 
an  impossibility,  but  it  must  be  difficult  to  con- 
struct unless  a perfectly  regular  stream  of 
chlorine  gas  is  at  command,  and  efficient  means 
are  employed  for  artificially  removing  the  heat 
given  off  during  the  absorption. 

The  absorption  of  weak  chlorine,  that  is, 
chlorine  diluted  with  very  much  nitrogen  and 
oxygen,  as  it  is  obtained  in  the  Deacon  process, 
and  in  most  of  the  processes  proposed  for  deal- 
ing with  calcium  and  magnesium  chlorides, 
cannot  be  carried  out  in  the  ordinary  chambers. 
The  most  efficient  plants  for  this  purpose  are 
Deacon’s  shelf  chambers,  and  Hasenclever’s 
mechanical  chambers. 

Deacon’’ s chambers, — To  expedite  the  rate 
of  absorption  the  furrowed  layer  of  lime  is 
reduced  greatly  in  thickness,  viz.  to  f inch. 
As  the  weak  chlorine  contains  90  or  more  p.c. 
of  inert  gases,  that  is,  it  contains  per  unit  of 
chlorine  nearly  200  times  as  much  inert  gas  as 
does  Weldon  chlorine,  the  dilution  of  the 
incoming  Deacon  chlorine  by  the  very  large 
volume  of  air  or  residual  gases  in  the  Weldon 
chambers  is  unnecessary  to  keep  down  the 
temperature  of  the  bleaching  powder,  and  the 
layer  of  gas  is  accordingly  reduced  greatly  in 
thickness,  viz.  to  about  6 inches.  Further,  as 
the  escaping  inert  gases  are  able  to  carry  away 
the  heat  generated,  it  is  unnecessary  to  have  the 
large  heat  radiating  surfaces  which  are  provided 
by  the  Weldon  chambers,  and  it  is  therefore 
possible  to  reduce  the  ground  space  occupied 
by  placing  as  many  as  sixteen  such  lime  and 
gas  layers  as  described  above  over  each  other. 
Chambers  only  6 inches  high  cannot,  of  course, 
be  charged  with  lime  and  discharged  of  their 
bleach  by  workmen  entering  the  chamber  as 
with  the  Weldon  chambers,  but  must  be 
operated  by  the  workmen  from  outside  the 
chambers  with  long-handled  rakes,  which,  from 
the  hygienic  point  of  view,  is  a great  advantage. 

Figs.  22  and  23  show  the  construction  of  a 
set  of  seven  Deacon  chambers,  Fig.  22  being 
a front  elevation  of  3J  chambers,  and  Fig.  23 
being  a view  of  the  broken  end  shown  by 
Fig.  22 ; the  dimensions  of  each  chamber  are 
8 feet  wide  and  13  feet  high,  as  shown  by 
Fig.  22,  and  21  feet  long  and  13  feet  high,  as 
shown  by  Fig.  23.  Each  chamber  is  subdivided 
into  two  halves  by  a central  partial  partition, 
as  is  shown  by  the  right-hand  side  of  Fig.  22, 
but  the  figures  do  not  show  the  gas  passage 
which  exists  through  the  bottom  of  these 
partial  partitions,  nor  do  they  indicate  that  the 
gases  flow  downwards  in  each  left-hand  half, 
and  flow  upwards  in  each  right-hand  half, 

: chamber.  The  partitions  and  partial  partitions 
! are  made  of  slate  or  sandstone  flags,  and  they 
I are  carried  by  the  pillars  and  girders  shown  in 
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the  figures.  The  partitions  and  partial  parti- 
tions in  turn  carry  the  sixteen  shelves  to  support 
the  lime  layers,  and  also  carry  the  top  covering 
shelves.  The  shelves  are  made  of  slate  or 
flagstone ; the  bottom  and  top  slabs  only 
reach  to  each  end  of  the  chamber,  all  other 
slabs  end  6 inches  short  of  one  or  other  end  of 
the  chamber  to  allow  the  gases  from  the  inlet 
pipe  to  zigzag  down  the  one  half  of  the  chamber, 
as  shown  by  Fig.  23,  and  then  zigzag  up  again 
on  the  other  half  of  the  chamber  to  the  outlet 
pipe ; all  the  shelves  have  a gap  of  a foot  in 
the  middle  of  the  21 -foot  dimension,  and  these 
gaps  are  covered  by  easily  removable  boards, 
as  shown  by  b and  c in  Fig.  23.  To  lime  the 
chamber  the  wooden  covers  b are  removed, 
and  the  wooden  slides  c are  pushed  on  one  side 
with  the  exception  of  the  two  on  the  bottom 
shelves.  Sufficient  lime  to  cover  one  shelf  with 
a layer  nearly  1 inch  thick  is  then  dropped 
through  the  gaps  from  which  the  covers  b 
have  been  removed,  'and  falls  down  to  the  two 
bottom  shelves.  There  it  is  spread  and  then 
furrowed  by  long-handled  rakes  from  each  end 


of  the  chamber.  The  slides  c on  the  bottom 
shelf  but  one  are  then  pushed  over  their  gaps, 
and  the  lime  charges  for  those  shelves  dropped 
and  levelled  as  before.  The  rest  of  the  shelves 
are  limed  similarly  till  all  are  limed,  and  the  top 
gaps  covered  with  their  boards  b and  made 
gas-tight  with  lime  or  with  luting.  The  ends  of 
the  chamber  are  closed  by  hanging  iron  plates 
on  the  shelves,  as  shown  on  the  left  side  of  Fig. 
22  ; the  joints  are  made  gas-tight  with  luting. 
Each  of  the  other  six  chambers  is  limed  similarly. 
The  two  top  cover  flags  of  each  chamber  each 
contain  a hole  provided  with  a water  lute,  the 
left  one  serving  as  inlet,  the  right  one  as  outlet 
to  the  chamber.  The  gas  supply  main  is  shown 
in  Fig.  22,  with  a lute  for  each  of  the  seven 
chambers,  and  the  movable  arm  is  shown  in 
position  which  passes  the  gas  into  the  first 
chamber.  The  exit  gas  from  the  first  chamber 
passes  into  the  second  chamber,  and  all  following 
chambers  in  turn  by  movable  arms,  shown  in 
Fig.  22  and  in  Fig.  23,  where  one  arm  is  marked 
A.  From  the  seventh  chamber  the  exit  gas 
passes  by  an  arm  into  the  middle  or  exit  main 
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shown  in  Fig.  23,  whence  it  is  sucked  by  a fan, 
and  being  now  free  from  chlorine,  is  blown  into 
the  air ; the  exit  main  runs  the  whole  length 
of  the  chambers,  and  is  provided  with  a lute 
adjacent  to  the  exit  lute  of  each  chamber. 
When  samples  taken  through  test  holes  in  the 
end  covers  show  that  the  bleach  is  up  to  strength, 
the  gas  arms  are  changed,  so  that  the  gas  supply 
is  cut  off  the  first  chamber,  and  then  goes  to 
the  second,  and  thence,  as  before,  to  the  seventh. 
The  finished  bleaching  powder  in  the  first 
chamber  is  discharged  by  removing  the  end 
doors,  pushing  on  one  side  the  slides  c,  and  then 
pushing  the  bleaching  powder  to  the  centre  of 
the  chamber,  where  it  falls  through  the  gaps 
and  the  hopper  shown  in  the  figures  into  the 
cask  below.  The  chamber  is  next  relimed, 
and  the  ends  closed  as  before  described,  and 
it  is  ready  to  become  the  last  chamber  in  the 
series.  To  effect  this  the  exit  from  the  seventh 
chamber  is  cut  off  from  the  exit  main,  and 
instead  it  is  joined  by  a gas  arm  to  the  right-hand 
main  shown  in  Fig.  23,  wh  eh  return  main 
carries  the  gas  the  whole  length  of  the  chambers, 
and  by  a suitable  arm  is  connected  to  the  inlet 


of  the  first  chamber.  The  exit  from  the  first 
chamber  is  connected  to  the  exit  main.  Each 
chamber  in  turn  is  thus  discharged,  relimed  and 
reinserted  into  the  cycle.  Such  a set  of  cham- 
bers furnishes  4 tons  of  bleach  per  day. 

Hasenclever'’s  chambers. — Another  style  of 
chamber  which  is  particularly  suitable  for 
absorbing  weak  chlorine  such  as  is  produced 
by  the  Deacon  process,  is  the  mechanical 
chamber  of  Hasenclever  (Eng.  Pat.  17012, 
1888),  employed  at  Aachen,  and  strongly 
recommended  by  an  English  Commission  as  a 
thorough  remedy  of  the  difficulty  arising  from 
the  contact  of  the  workmen  with  the  chlorine 
gas  and  the  bleaching  powder  dust  eonnected 
with  the  use  of  the  Weldon  chambers.  To 
make  these  Hasenclever  chambers  suitable  for 
use  with  strong  chlorine  they  may  be  worked 
intermittently,  and  it  has  been  proposed  to 
make  them  suitable  by  mixing  air  with  the 
chlorine.  The  Figs.  24  and  25  show  one  of  the 
original  forms  of  the  apparatus.  Fig.  25,  in  its 
central  portion,  is  an  elevation,  but  in  its  upper 
and  lower  portions  is  a sectional  elevation,  and 
in  several  respects  is  very  indistinct ; Fig.  24 
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shows  on  the  left  side  an  elevation  of  the  back 
ends  of  the  tubes,  while  on  the  right  side  it 
shows  the  front  ends  of  the  tubes  with  the 
covers  removed  that  carry  that  end  of  the 
shafts.  The  slaked  lime  passes  from  the  hopper 
shown  in  both  figures  into  the  top  tube,  where 
it  is  slowly  worked  by  the  blades  attached  to 
the  revolving  shaft  towards  the  back  end  of  the 
tube,  where  the  first  and  second  tubes  are 
united  by  a large  passage  not  adequately 
shown  in  Fig.  25.  The  direction  of  rotation 
and  the  setting  of  the  blades  in  the  second  tube 
are  such  that  the  lime  is  now  slowly  moved 
along  the  second  tube  towards  its  front  end, 
where  it  drops  through  another  large  passage 
into  the  third  tube ; from  the  back  of  the  third 
tube  it  drops  again  into  the  back  of  the  fourth 
tube,  and  finally  at  the  front  end  of  the  fourth 
tube  drops  into  the  hopper,  which  is  closed  by  a 
sliding  door.  The  chlorine  enters  at  the  front 
of  the  fourth  tube  and  passes  to  the  tubes  above 


by  the  large  passages  already  mentioned,  and 
the  residual  gases  escape  from  the  front  end  of 
the  first  tube  as  shown,  to  the  suction  fan 
actuating  the  whole  Deacon  plant.  Fig.  25 
shows  four  circles  at  the  back  ends  of  the  tubes 
and  two  circles  at  the  right  ends  of  the  tubes, 
and  Fig.  24  shows  two  gas  passages  on  the 
middle  tubes,  which  are  antiquated,  and  should 
not  have  been  shown.  By  gently  drawing  the 
slide  of  the  hopper  the  bleach  falls  direct  into 
the  cask  with  practically  no  nuisance.  Means 
are  provided  at  the  back  end  of  the  fourth  tube 
of  easily  starting  or  stopping  the  shafts  ; and 
doors  are  provided  for  inspecting  and,  when 
necessary,  cleaning  the  inside  of  the  tubes,  as 
shown  by  Fig.  25,  for  second  and  third  tubes, 
and  by  Fig.  24  right-hand  side  for  all  four  tubes. 
Such  a set  of  tubes  makes  1 ton  bleach  per 
day. 

General  Remarks  on  the  making  of  Bleaching 
Powder. — Good  strong  bleach  cannot  be  made 


from  lime  that  is  badly  burnt,  slaked,  or  sifted, 
nor  from  chlorine  that  contains  too  much 
carbon  dioxide  or  aqueous  vapour  or  hydro- 
chloric acid  gas,  nor  in  very  hot  weather,  nor 
if  the  chlorine  is  initially  passed  into  the  chamber 
so  fast  as  to  allow  the  temperature  to  rise  too 
high.  It  ought  to  consist  of  pretty  heavy  flakes, 
easily  crushed,  or  a heavy  but  not  dusty  powder, 
which  can  be  kneaded  with  the  fingers  into  a 
tough  paste.  The  laboratory  test  of  a sample 
carefully  taken  from  various  parts  must  test 
at  least  35  p.c.  available  chlorine,  and  if  it  is 
intended  for  export  it  must  test  still  higher. 

Packages. — Bleaching  powder  must  be  packed 
in  very  well-made  casks,  preferably  made  of 
hard  wood.  The  ends  are  sometimes  secured 
by  a coat  of  plaster  of  Paris.  This  is  done  in 
order  to  prevent  the  access  of  air,  which  quickly 
deteriorates  the  powder  both  by  its  moisture 
and^its  carbonic'aoid. 

The  packages  must  be  kept  in  cool,  dry 


places ; both  rain  and  sun  would  quickly  spoil 
the  bleaching  powder,  even  if  placed  in  good 
casks. 

Properties  of  Bleaching  Powder.  — Good 
bleaching  powder  is  a nearly  white  powder, 
often  mixed  with  lumps  which,  however,  test 
as  high  or  even  higher  than  the  powder.  It 
has  a peculiar  smell,  quite  different  from  that  of 
chlorine,  and  not  owing  to  hypochlorous  acid, 
since  it  is  just  as  perceptible  in  alkaline  solutions. 
If  it  gets  on  to  the  skin  a very  strong  odour  is 
developed,  which  is  highly  characteristic ; this 
odour  persists  even  after  washing  the  skin 
with  soap. 

In  the  air  bleaching  powder  attracts  mois- 
ture and  carbonic  acid,  and  gradually  changes 
into  a pasty  mass.  Mixed  with  a little  water,  it 
forms  a stiff  paste,  with  a perceptible  swelling 
and  rise  of  temperature ; this  is  probably 
caused  by  the  transformation  of  2CaOCl2  into 
Ca( 001)2  and  CaCL,  which  then  acts  upon  the 
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free  lime  to  form  crystals  of  calcium  oxychloride 
which  causes  the  mass  to  set  like  cement. 

Bleaching  powder  decomposes  gradually  even 
in  closely  stoppered  bottles  or  well-protected 
casks.  The  presence  of  light,  heat,  moisture, 
and  carbonic  acid  greatly  accelerates  this 
change  ; so  does  shaking,  e.g.  in  transit.  Hence 
the  strength  of  bleach  is  usually  only  guaranteed 
at  the  place  of  shipment,  but  it  ought  not  to 
lose  above  2 or  at  most  3 p.c.  by  a few  weeks’ 
journey. 

Experiments  on  the  rate  at  which  bleaching 
powder  loses  its  available  chlorine  have  been 
made  by  J.  Pattinson,  in  1874  (Chem.  News, 
29,  143)  and  1886  (J.  Soc.  Chem.  Ind.  587). 
He  experimented  in  the  first  case  with  samples 
kept  in  loosely  corked  bottles,  sheltered  from 
direct  sunlight,  and  found  that  these  lost  on  an 
average  0’33  p.c.  monthly  from  February  to 
April,  0*86  from  June  to  September,  0’28  from 


The  following  are  analyses  of  bleaching 
powder  made  by  Lunge  and  Schappi,  from 
perfectly  pure  lime  and  with  the  greatest  care, 
so  as  to  obtain  the  strongest  possible  product : — 


Available  chlorine  . . . 43‘13 

Chlorine  as  chloride  . . 0’29 

Lime  .....  39'89 

CO2 0-42 

HgO  (direct  estimation)  . .17*00 

Calculated  as  : 

CaOCla  + HgO  . . . 88*08 

CaCOg 0*96 

CaClg 0*45 

Ca(OH)2  ....  6*74 

HgO  not  combined  . . .3*77 


100*00 

The  small  quantity  of  unchanged  calcium 
hydroxide  is  proof  for  the  opinion  that  this  is 
merely  lime  mechanically  protected  against  the 
action  of  chlorine  by  the  bleaching  compound 
CaOClg  previously  formed. 

Liquid  chloride  of  lime  or  Bleach  liquor. 
This  substance  was  first  prepared  in  1798 
by  Chas.  Tennant  by  absorbing  chlorine  gas  in 
milk  of  lime.  Many  bleach  works  have  pre- 
pared it  on  quite  a small  scale  for  their  own 
use,  but  it  is  now  prepared  by  alkali  works  on 


November  to  January.  The  greatest  loss 
occurred  in  August,  viz.  1*4  p.c.  per  month. 

The  keeping  properties  of  bleaching  powder 
depend  on  the  quality  of  the  lime  used,  on  the 
temperature  conditions  under  which  it  has  been 
made,  and  on  its  strength.  The  more  free 
calcium  hydroxide  is  left  in  the  bleaching 
powder,  the  more  stable  it  is.  This  shows 
that,  when  bleaching  powder  is  required  for 
export,  especially  to  tropical  countries,  it  is  a 
mistake  to  require  a high  initial  test. 

A few  experiments  made  by  Thiimmel  (Arch. 
Pharm.  1834,  22,  1)  prove  that  light  has  much 
more  action  on  bleaching  powder  than  exposure 
to  air. 

The  following  complete  analyses  of  the 
samples  of  bleaching  powder  investigated  by 
J.  Pattinson  {v.  supra)  may  serve  as  an  example 
of  the  best  descriptions  of  the  commercial 
article  : — 


a considerable  scale  for  use  in  bleach  works  in 
the  not  too  distant  neighbourhood,  packed  in 
carboys  or  steel  tank  wagons,  as  being  more 
convenient  than  the  preparation  of  clear 
solutions  of  bleaching  powder  by  the  bleach 
works. 

Absorption  of  Chlorine  by  Milk  of  Lime. — 
As  all  the  processes  for  preparing  chlorine  on  a 
commercial  scale  produce  it  at  approximately 
atmospheric  pressure,  the  gas  has  to  be  absorbed 
by  the  surface  of  the  milk  of  lime,  and  because 
of  the  very  small  solubility  of  lime  in  water 
agitation  of  the  milk  of  lime  is  an  absolute 
necessity  to  keep  the  lime  in  suspension  and  to 
accelerate  its  solution,  and  to  bring  the  lime 
solution  to  the  surface,  and  after  it  has  absorbed 
its  modicum  of  chlorine,  to  quickly  remove  it 
and  again  saturate  it  with  lime.  Various  forms 
of  agitators  have  been  used : blades  attached 
to  horizontal  shafts,  or  to  vertical  shafts,  or  to 
vertical  revolving  cones  or  cylinders,  and  these 
last  are  eonsidered  to  be  the  most  efficient,  as 
besides  setting  up  a swirl  in  the  liquid,  they  also 
set  up  a very  rapid  flow  of  liquor  from  the 
bottom  to  the  top,  thus  very  effectually  and 
rapidly  renewing  the  surface  of  the  liquor. 

The  containing  vessels  have  been  made  of 
lead,  or  flagstone,  but  cast  iron  is  now  employed, 
as  it  soon  becomes  coated  with  a limey  deposit 


A 

made  of  Irish  limestone 
(from  Larne) 

B 

made  of  Irish  limestone 
by  another  manufacturer 

C 

made  of  French 
cliff 

Available  chlorine  . 

37*00 

38*30 

36*00 

Chlorine  as  chloride 

0*35 

0*59 

0*32 

Chlorine  as  chlorate 

0*25 

0*08 

0*26 

Lime  .... 

44*49 

43*34 

44*66 

Magnesia 

0*40 

0*31 

0*43 

Ferric  oxide  . 

0*05 

0*04 

0*02 

Alumina 

0*43 

0*41 

0*33 

Oxide  of  manganese 

trace 

trace 

trace 

Carbonic  acid 

0*18 

0*30 

0*48 

Silicious  matter 

0*40 

0*30 

0*50 

Water  and  loss 

16*45 

16*33 

17*00 

100*00 

100*00 

100*00 

Total  chlorine 

37*60 

38*97 

36-58 
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both  below  and  above  the  liquor,  and  any  action 
of  the  gas  or  liquor  is  reduced  to  a minimum. 
Three  or  more  vessels  are  coupled  up  so  that 
the  gas  passes  them  in  series.  Each  is  filled 
with  water  and  lime  in  the  proportion  of  100 
gallons  and  10  to  15  lbs.,  making  a milk  of 
12°  to  18°Tw.  During  the  absorption  of  the 
chlorine  the  temperature  rises,  and  the  admission 
of  the  chlorine  should  be  so  regulated  that  the 
temperature  does  pot  rise  above  32°,  or  at 
most  37°,  and  for  this  same  reason  the  absorbers 
may  be  cooled  by  building  them  inside  a water 
tank.  When  the  sp.gr.  of  the  liquor  after 
settling  clear  has  risen  to  1 '040,  or  the  contents 
of  available  chlorine  is  7 p.c.,  the  gas  is  passed 
into  the  next  absorber  as  first  in  the  series, 
and  the  first  absorber  is  allowed  to  settle  the 
considerable  amount  of  excess  lime  which  is 
absolutely  essential  to  prevent  the  conversion 
of  the  hypochlorite  into  chlorate.  The  clear 
liquid  is  then  run  ofi  into  carboys.  The  residual 
lime  is  either  augmented  with  some  fresh  lime 
for  the  next  operation,  or  if  the  accumulated 
impurities  in  it  are  too  great,  it  is  washed  to 
recover  admixed  hypochlorite,  and  is  then  run 
away. 

Dissolving  Bleaching  Powder  to  mahe  Bleach 
Liquor. — When  bleach  liquor  cannot  econo- 
mically be  obtained  from  the  source  just  de- 
scribed, it  is  always  prepared  by  the  bleaching 
works  by  extracting  bleaching  powder  with 
water.  To  avoid  a loss  of  available  chlorine 
and  a waste  of  time  in  settling  out  the  insoluble 
matter,  certain  conditions  have  to  be  observed, 
so  that  it  cannot  form  lumps  inside  the  dissolver. 

1.  The  best  practical  temperature  for  the 
water  is  21°  to  26°. 

2.  The  agitation  must  be  effected  by 
mechanical  power  so  as  to  show  a strong  swirl 
on  the  surface,  say,  with  a peripheral  speed 
on  the  agitator  of  500  feet  per  minute  for  tanks 
of  5 feet  to  9 feet  diameter,  and  the  lower  limbs 
of  the  agitator  must  be  not  more  than  1 inch 
from  the  bottom  of  the  tank. 

3.  The  bleaching  powder  must  be  emptied 
a little  at  a time  on  to  a 1-inch  mesh  sieve 
placed  outside  and  above  the  dissolver,  and  the 
passage  of  the  powder  assisted  by  working  it 
with  a spade,  any  lumps  then  left  are  to  be 
knocked  through  with  the  flat  of  the  spade. 
After  completing  the  bath,  agitation  for  20 
minutes  is  ample  for  all  strengths  of  solution 
up  to  16°Tw.  Further  time  spent  on  agitation 
is  wasted,  and,  by  beating  the  insoluble  residue, 
renders  subsequent  settling  appreciably  slower. 

4.  The  run-off  pipe  should  be  at  such  a 
height  as  to  allow  5 cubic  feet  of  sludge  per 
cwt.  of  bleaching  powder  used  per  batch,  for 
all  strengths  of  solution  up  to  16°Tw.  Unless  a 
sufficient  space  is  allowed,  enormous  waste  of 
time  will  arise  in  waiting  for  the  last  few  inches 
to  settle  clear. 

5.  The  residual  sludge  consists,  not  of 
bleaching  powder,  but  of  insoluble  lime  suspended 
in  bleach  solution.  The  agitating  tank  should 
be  filled  again  with  water,  and  the  contents 
agitated  for  5 minutes  only  prior  to  settling, 
when  the  clear  liquor  of  about  2°Tw.  is  run  off 
to  be  used  for  making  the  next  batch,  and  the 
washed  sludge  is  then  to  be  run  away  to  waste. 

When  the  precautions  given  above  are 
followed,  the  loss  of  bleaching  powder  in  the 


washed  sludge  will  not  exceed  2 lbs.  per  cwt.  of 
bleaching  powder  used. 

Pro'perties  and  Uses  of  Bleach  Liquor. — 
The  experiments  made  by  Lunge  and  Landolt 
(J.  Soc.  Dyers  and  Colorists,  1885,  Nov.  25) 
with  bleach  liquor  h%ve  shown  that  the  action 
of  the  air  is  nothing  like  so  injurious  to  the 
stability  of  such  solutions  as  that  of  the  light, 
which  ought  to  be  excluded  by  all  means.  Solu- 
tions kept  in  the  dark  in  closed  vessels,  remained 
practically  unchanged  up  to  the  24th  day,  and 
up  to  the  33rd  day,  when  the  experiment  was 
finished,  the  strength  had  only  decreased  from 
29'58  to  29'12.  Kept  in  open  vessels  in  the 
dark,  they  remained  unaltered  up  to  the  12th 
day ; on  the  33rd  day  they  had  lost  3 ’30. 
But  when  kept  in  closed  vessels  in  diffused  day- 
light, the  decomposition  set  in  at  once,  and 
on  the  33rd  day  only  8 '52  remained  of  33 ‘02 
originally  present.  Solutions  of  chloride  of 
magnesia  behaved  similarly  to  those  of  chloride 
of  lime ; those  of  zinc  or  aluminium  hypochlorite, 
as  might  be  expected,  were  much  less  stable. 

The  specific  gravity  (at  15°)  can  be  used 
to  approximately  determine  the  available 
chlorine  grams  per  litre  in  a good  bleach  liquor 


Sp.gr.  1*01  . . 5‘58 

1-02  . . 11-41 

1-03  . . 17-36 

i-04  . . 23-75 

1-05  . . 29-60 

1-06  . . 35-81 

1-07  . . 42-31 

1-08  . . 49-96 

1-09  . . 55-18 

1-10  . . 61-50 


but  such  a method  is  utterly  useless  for  an  old 
solution,  or  one  that  has  been  partly  used,  or 
is  in  any  other  way  abnormal ; the  only  way 
of  testing  such  an  abnormal  solution  is  to  make 
a chemical  test,  the  best  of  which  is  Penot’s 
method,  with  sodium  arsenite  in  presence  of 
bicarbonate  of  soda  (Lunge  and  Hurter’s  Alkali 
Maker’s  Handbook,  2nd  ed.  126). 

The  use  of  bleach  liquor  for  bleaching 
purposes  is  described  in  Cross  and  Sevan’s 
Cellulose,  2nd  ed.  284-294.  The  effect  of 
free  lime  on  bleaching  is  similar  to  that  of  free 
caustic  soda  when  sodium  hypochlorite  is 
employed  for  bleaching. 

The  germicidal  power  of  bleaching-powder 
solution  is  very  great,  and  it  has  been  used  sue- 
cessfully  for  years  as  a disinfectant.  One  part 
of  bleaching  powder  will,  in  2-4  hours,  destroy 
the  following  bacteria : coli,  typhosus,  and 
cholera  in  2000  parts  of  ordinary  sewage. 

{See  Schumacher,  in  Gesundheit-Ingenieur  of 
Munich  and  Berlin,  August  10,  19,  30,  1905  ; 
Sheridan  Delepine,  in  Medical  Chronicle,  May, 
1894  ; and  G.  C.  Clayton,  in  J.  Soc.  Chem.  Ind. 
1896,  320.) 

Calcium  hypochlorite  crystal.  The  Chemische 
Fabrik  Griesheim  Elektron  (D.  R.  P.  188524, 
1906)  describes  the  production  of  calcium  hypo- 
chlorite as  follows  : — 

Chlorine  is  introduced  continuously  with 
agitation  into  milk  of  lime  until  the  latter  is 
nearly  saturated.  The  solution  is  then  con- 
centrated in  vacuo  until  the  calcium  hypochlorite 
crystallises  out  and  can  be  dried  in  vacud.  The 
calcium  hypochlorite  obtained  is  said  to  be  more 
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stable  than  ordinary  bleaching  powder,  gives  a 
clear  solution  in  water,  and  contains  80-90  p.c. 
available  clilorine. 

Potassium  hypochlorite  solution  {Chloride  of 
potash  or  Eau  de  Javel).  This  liquor  was  first 
made  in  1789  at  the  Javel  Works  near  Paris, 
and  was  the  first  bleaching  compound  known. 
It  was  then  made  by  passing  chlorine  into  a 
solution  of  potashes  (crude  potassium  carbonate) 
in  eight  parts  of  water.  This  liquor  is  rarely 
made  at  the  present  time,  as  it  has  been  replaced 
by  the  cheaper  soda  compound,  which  has  now 
mostly  usurped  its  name. 

Sodium  hypochlorite  solution  {Eau  de  La- 
harraque,  usually  called  Eau  de  Javel).  This 
liquor  was  made  by  passing  chlorine  into  a solu- 
tion of  sodium  carbonate  in  10  parts  of  water 
till  the  liquid  began  to  effervesce  and  to  bleach 
litmus 

Cl2+2Na2C03+H20 

=Na0Cl+NaCl+2NaHC03 

any  further  passage  of  chlorine  produced  free 
hypochlorous  acid  and  CO2 

NaHC03+Cl2=H0Cl+NaCl+C02 

The  liquors  containing  free  HOCl  keep  very 
badly,  the  HOCl  partly  volatilising  and  partly 
losing  its  oxygen. 

Hypochlorite  of  soda  solution  is  used  to-day 
as  a bleaching  agent  for  the  bleaching  of  special 
fabrics,  in  steam  laundries  to  whiten  clothes,  and 
as  a disinfectant,  and  is  now  prepared  by  one 
of  the  three  following  methods. 

1.  By  the  precipitation  of  a solution  of 
bleaching  powder  by  sulphate  or  carbonate  of 
soda,  when  a solution  is  obtained  containing 
about  5 p.c.  of  available  chlorine,  but  no  free 
HCIO,  and  which  will,  therefore,  keep  unchanged 
for  some  time.  This  operation  is  usually  eon- 
ducted  at  the  factory  or  the  place  where  the 
solution  is  used. 

2.  By  pasSuig  chlorine  into  a solution  of 
■caustic  soda  until  nearly  all  the  soda  is  chlorin- 
ated 

Cl2+2Na0H=NaC10+NaCl+H20 

This  solution  is  made  at  alkali  works,  and 
sold  at  a strength  of  10-15  p.c.  available  chlorine. 

It  has  been  found  necessary  to  leave  a small 
amount  of  free  soda,  about  p.c.  ISTagO,  in  order 
to  make  the  solution  stable,  by  removing  all  free 
hypochlorous  acid  and  by  removing  traces  of  iron 
which  would  otherwise  be  converted  into  sodium 
ferrate,  and  aid  the  decomposition  by  carrying 
oxygen  from  the  hypochlorite  to  the  atmosphere. 
A very  full  statement  on  the  manufaeture  and 
■stability  of  sodium  hypochlorite  solution  made 
in  this  way  is  contained  in  a paper  by  Muspratt 
and  Smith  (J.  Soc.  Chem.  Ind.  1898,  1096). 

3.  By  electrolysis  of  brine  solution.  Under 
chlorine  we  have  discussed  the  electrolytic  cells 
devised  to  liberate  chlorine  from  common  salt 
solution.  In  the  case  of  the  preparation  of 
sodium  hypochlorite  there  is  no  necessity  when 
the  electrolysis  starts  to  attempt  to  keep 
the  main  products,  chlorine  and  caustic  soda, 
apart,  but,  on  the  other  hand,  they  must  be 
brought  together.  But  directly  the  formation 
of  h^ypochlorites  has  begun  then  troubles 
begin  : (1)  there  is  insufficient  agitation  to  bring 
the  caustic  soda  to  the  chlorine,  and  conse- 
■quently  chlorine  escajjes,  and  free  hypochlorous 

VoL.  II.— T 


acid  and  chlorate  are  formed  ; (2)  the  hyjjo- 
chlorite,  hypochlorous  acid  and  the  chlorate 
I are  themselves  electrolysed  with  evolution 
I of  oxygen,  and  the  output  of  hypochlorite 
! rapidly  falls  to  notb.ing ; (3)  the  hydrogen 

j liberated  at  the  cathode  reduces  the  hypo- 
chlorites already  formed,  and  again  the  output 
ceases. 

The  following  eells  have  been  introduced  {see 
papers  by  W.  H.,  Walker  in  Electro-Chemical 
Industry,  1,  439)  : — 

The  Kellner  cell  consists  of  a stoneware 
vessel  divided  into  a number  of  small  compart- 
ments by  glass  plates  fitting  into  small  grooves 
in  its  sides.  These  glass  plates  are  wound  with 
platinum-iridium  wire,  and  form  bipolar  elec- 
trodes. The  electrolyte  is  circulated  rapidly 
through  the  cell  and  through  a cooling  coil. 

The  Schuckert  cell  is  a large  stoneware  trough, 
separated  into  8-10  compartments.  In  these 
compartments  are  bipolar  electrodes  in  the 
making  of  which  platinum-iridium  wire  may  or 
j may  not  be  used.  Circulation  is  effected  by 
j means  of  the  hydrogen  evolved,  and  each  cell 
has  a cooling  Coil. 

The  Haas-0 etel  cell  consists  of  a rectangular 
box  divided  into  small  compartments  by  a series 
of  vertical  bipolar  carbon  electrodes  set  in 
grooves. 

From  the  figures  given  by  Walker,  the  k.w.h. 
per  ton  available  chlorine  produced  in  solution 
can  be  calculated,  and  are 'given  in  the  following 
table  for  the  Kellner  and  Schuckert  eells.  The 
I Haas  and  Oettel  figure  is  taken  from  a paper 
by  Reuss  before  the  Soeiety  of  Dyers  and 
Colorists,  Feb.  1911  : — 


Name  of  cell 

Details  r 
dard  si 

Amps. 

f a stan- 
zed  cell 

Volts 

K.W.H.  per 
ton  available 
Chlorine 

Kellner  . 

120 

110 

8800 

Schuckert 

100 

no 

8500 

Haas  and  Oettel 

80 

no 

8400 

These  cells  are  adapted  for  the  production 
of  weak  solutions  only  of  hypochlorite  of  soda 
containing  1-2  p.c.  available  chlorine,  as  only 
a partial  decomposition  of  the  NaCl  is  possible 
without  an  enormous  fall  in  efficieney.  The 
cost  of  salt  is,  therefore,  high,  and  actually  about 
7 tons  of  salt  are  required  per  ton  of  available 
chlorine  produced. 

Cells  such  as  these  are  designed  for  the 
purpose  of  ereetion  at  the  factory  or  works 
where  the  hypochlorite  solution  is  used,  and 
where  neither  bleach  liquor  nor  bleaching  powder 
are  readily  available. 

Full  details  of  these  and  other  cells  are  to 
be  found  in  the  series  Monographien  fiber 
Angewandte  Elektroehemie,  namely,  vol.  8, 
Engelhardt,  Theoretical  Constructive  Descrip- 
tion, 1903,  275 ; vol.  17,  Abel,  Theoretical 
Description;  1905,  p.  110;  vol.  38,  Ebert 
and  Nussbaum,  Practical  AppHcations,  1910, 
p.  367,  all  under  the  title.  Hypochlorite  und 
Elektrische  Bleiche. 

Uses  of  Sodium  Hypochlorite  Solutions. — 
The  uses  include  the  bleaching  of  such  cotton 


210 


CHLOKINE. 


and  linen  fabrics  as  require  to  have  the  softest 
possible  feel,  and  the  fullest  degree  of  whiteness  ; 
for  bleaching  paper  pulp  ; for  whitening  clothes 
in  steam  laundries ; for  disinfectant  purposes. 
Hypochlorite  of  soda  solution  possesses  strong 
germicidal  powers,  which  Klein  estimates  for  a 
solution  containing  10  p.c.  by  weight  of  available 
chlorine  at  21  times  that  of  phenol.  {See  Klein, 
Comparative  Bacteriological  Report  on  Chloros, 
Public  Health  Engineer,  June  9,  1906.  Also  for 
further  data,  see  Schumacher,  Gesundheit  Inge- 
nieur  of  Berlin  and  Munich,  Aug.  10,  19,  30, 
1905  ; Clayton,  J.  Soc.  Chem.  Ind.  1896,  320.) 
And  lastly,  the  strong  solution  prejjared  by 
method  2 is  used  in  enormous  quantities  by  the 
Badisch  Anilin  und  Soda  Fabrik  for  the  con- 
version of  phthalimide  into  anthranilic  acid, 
which  last  is  used  in  the  manufacture  of  artificial 
indigo  (Haller,  Les  Industries  chemique  et 
pharmaceutiques.  Exposition  Universelle  de 
1900,  Paris,  vol.  2,  pp.  128-130). 

Sodium  hypochlorite  crystal.  Until  recently 
sodium  hypochlorite  in  the  solid  form  was 
unknown.  Muspratt  and  Smith,  in  1898,  how- 
ever, by  the  systematic  production  of  a more 
and  more  concentrated  solution,  produced 
crystals  of  the  following  composition  (J.  Soc. 
Chem.  Ind.  1898,  1100) 

NaOCl 
NaClOg 
NaCl  . 

Water  (by  difi.)  . 


37-6  p.c. 
nil 

3-7  „ 
58-7  „ 


1000 

The  crystals  dissolve  in  their  water  of 
crystallisation  at  18°-21°,  and  then  rapidly 
decompose.  By  drying  under  vacuum  part  of 
the  water  of  crystallisation  is  removed,  and  a 
more  stable  product  obtained  containing  up  to 
60  p.c.  of  available  chlorine  with  a melting-point 
of  over  43°  {see  Muspratt,  J.  Soc.  Chem.  Ind. 
1903,  592). 

Magnesium,  Zinc,  and  Aluminium  Hypo- 
chlorites, all  of  them  obtained  by  adding  the 
sulphates  of  these  bases  to  a solution  of  bleach- 
ing powder,  are  sometimes  used  for  special 
purposes  because  they  have  a more  rapid  action 
than  chloride  of  lime.  Their  properties  have 
been  fully  investigated  by  Lunge  and  Landolt  in 
the  above-mentioned  memoir.  They  are  never 
manufactured  for  sale,  but  prepared  by  the  users 
themselves. 

Potassium  chlorate.  This  salt  was  originally 
made  by  saturating  caustic  potash  solution  with 
chlorine  gas.  Liebig  proposed  to  saturate  a 
thin  paste  of  three  molecules  of  slaked  lime  with 
one  molecule  of  potassium  chloride ; there  is, 
however,  a disadvantage  in  that  some  potash  is 
lost  along  with  the  insoluble  impurities  of  the 
lime,  and  this  is  obviated  by  saturating  milk  of 
lime  only,  drawing  off  the  clarified  calcium 
chlorate  liquor,  evaporating  it  to  the  necessary 
concentration,  adding  potassium  chloride  equiva- 
lent to  the  calcium  chlorate  present,  and  cooling 
the  solution  to  crystallise  the  potassium  chlorate. 
This  manufacture  was  started  in  1847  at  St. 
Helens,  at  Messrs.  Muspratt’ s works,  and  was 
described  in  detail  by  Jurisch  in  1888,  Die 
Fabrikation  von  Chlorsaurem  Kali  und  Anderen 
Chloraten,  and  in  Lunge’s  Sulphuric  Acid  and 
Alkali.  The  absorption  of  chlorine  by  milk  of 


lime  begins  with  the  formation  of  calcium 
hypochlorite,  as  has  already  been  described  under 
the  heading  Liquid  Chloride  of  Lime  or  Bleach 
Liquor,  and  that  description  applies  here,  and 
is  supplemented  by  Fig.  26,  the  sectional  eleva- 
tion of  an  absorber  built  up  of  cast-iron  plates 


with  rust  cement  joints,  and  10  feet  diameter 
and  5 feet  6 inches  deep  ; the  agitating  shaft  a 
with  its  arms  h,  h is  carried  by  the  foot  step, 
and  by  the  bearing  attached  to  the  iron  girder 
seen  just  below  the  crown  wheel,  but  this 
girder  does  not  cover  the  entire  top  of  the  tank 
or  prevent  access  to  the  manhole  /,  as  the  figure 
suggests ; the  device  of  a cup  d and  a water 
lute  c prevents  any  escape  of  chlorine  through 
the  shaft  hole.  The  manhole  is  always  open, 
so  that  there  is  no  hindrance  to  the  addition  of 
water  or  lime  or  the  removal  of  samples.  Some- 
times a water-jacket  surrounds  the  absorber  to 
prevent  too  high  a temperature,  as  described 
later.  At  least  three,  better  six,  absorbers  are 
worked  in  series  on  the  chlorine,  so  as  to  absorb 
the  whole  of  the  chlorine  supplied  and  to  obtain 
an  innocuous  residual  gas ; the  gas  mains  for 
this  purpose  are  not  shown  in  Fig.  26,  but  they 
are  exactly  like  those  indicated  in  Figs.  22 
and  23. 

The  milk  of  lime  is  also  of  approximately  the 
same  strength  as  when  making  bleach  liquor ; 
it  should  not  exceed  16°  or  17°Tw.,  which 
corresponds  to  6 ’3  to  6*7  lbs.  CaO  per  cubic 
foot. 

As  the  absorption  proceeds  the  temperature 
slowly  rises,  and  while  an  excess  of  lime  still 
remains,  the  reaction  is 

2Ca(0H)2+2Cl2=Ca(0Cl)2-l-CaCl2+2H20 

and  the  temperature  should  not  be  allowed  to 
rise  above  32°  or  at  most  37°.  The  reason  for 
keeping  the  temperature  to  this  limit  is  that,  as 
the  calcium  hydrate  goes  more  and  more  into 
solution,  the  impurities  that  originally  accom- 
panied it  are  more  and  more  released,  and  become 
active  catalysts,  enabling  the  hypochlorite  to 
decompose  Ca(0Cl)2  = CaCl2H-02,  and  this  cata- 
lytic action  is  the  more  active  the  higher  the 
temperature ; the  principal  impm’ities  acting 
in  this  way  are  the  iron  and  the  manganese 
oxides.  The  evolution  of  the  minute  oxygen 
bubbles  in  the  turbid  liquor  causes  the  formation 
of  a very  strong  and  persistent  scum  which 
partly  or  almost  completely  covering  the 
surface  of  the  liquor  forms  so  effective  a 
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separating  layer  between  tlie  chlorine  gas  and 
the  alkaline  liquid  below  that  absorption  of  the 
gas  is  very  greatly  reduced  or  even  entirely 
stopped.  When  absorption  of  the  chlorine  has 
gone  a little  further,  so  that  the  free  Ca(OH)2 
has  been  acted  upon  and  only  remains  in  small 
local  particles,  a series  of  comj^licated  reactions 
occur  which  are  not  correctly  understood,  but 
may  possibly  be  : 

2Ca(0Cl)2+4Cl2+4H20=2CaGl2+8H0Cl 
i.e.  a small  amount  of  free  hypochlorous  acid  is 
formed  which,  however,  has  no  effect  on  the 
remainder  of  the  hypochlorite,  but  which  when 
further  treated  with  chlorine  yields,  it  is  assumed, 
chlorine  monoxide 

4H0Cl+4Cl2=4Cl20+4HCl 
and  it  is  assumed  that  it  is  this  chlorine  monoxide 
which  oxidises  the  hypochlorite  to  chlorate 
Ga(0Cl)2+4Cl20=:Ca(03Cl)2+4Cl2,  with  regene- 
ration of  the  free  chlorine.  The  sum  total  of 
these  reactions  is 

3Ca(0Cl)2=Ca(03Cl)2+2CaCl2 
The  last  reaction  is  accompanied  by  the  genera- 
tion of  so  much  heat  that  the  temperature  of 
the  liquor  rises  exceedingly  quickly  up  to  65°- 
70  , the  scum  previously  mentioned  disappears, 
as  there  are  no  longer  any  hypochlorites  to 
decompose  with  evolution  of  oxygen,  and  as  the 
reaction  of  the  liquid  has  changed  from  alkaline 
to  acid  the  basic  oxides  in  the  scum  pass  into 
solution,  the  liquid  smells  of  chlorine,  and  the  dis- 
solved hypochlorous  acid  bleaches  litmus  paper 
instantly ; and  lastly,  the  liquid  generally  has 
turned  from  colourless  or  light  yellow  to  deep 
pink,  due  to  the  conversion  of  the  manganese 
in  the  lime  into  a permanganate.  By  summing 
the  equations  representing  the  formation  of 
the  hypochlorite  and  the  conversion  of  the  same 
into  chlorate,  the  total  reaction  appears 

6Ga(0H)2+6Gl2=Ga(03Gl)2+5GaGl2+6H20 
wMch,  though  expressing  the  main  end  result, 
fails  to  represent  any  of  the  indisj^nsable 
intermediate  stages.  The  completion  of  the 
conversion  of  the  hypochlorite  into  chlorate 
may  be  readily  ascertained  by  adding  to  a 
sample  of  the  cooled  liquid  some  strong  hydro- 
chloric acid,  there  should  be  no  evolution  of 
chlorine  gas.  Full  analysis  of  the  liquor 
always  shows  that  the  molecular  proportion 
of  chloride  is  somewhat  greater  than  indicated 
by  the  general  equation  above,  namely  S’O ; 
if  much  oxygen  is  evolved  the  figure  may  reach 
5 ’8,  but  with  very  good  work  the  figure  may  be 
5-3.  The  operation  lasts  from  less  than  24 
hours  to  72  hours,  according  to  the  speed  at 
which  the  chlorine  can  be  passed  so  as  to  comply 
with  the  condition  of  complete  absorption. 
With  reference  to  the  possibility  of  increasing 
the  speed  of  absorption,  and  so  with  efficient 
cooling  reducing  the  catalytic  decomposition  of 
the  hypochlorite  a description  by  Lunge  (Sul- 
phuric Acid  and  Alkali)  of  the  absorbing 
apparatus  used  by  Messrs,  Pechiney  at  Salindres 
is  of  considerable  interest,  the  agitation  being 
effected  by  means  of  a paddle  wheel  with 
horizontal  and  submerged  axis,  but  each  blade 
in  turn  projects  through  the  liquid  surface  as 
the  paddle  revolves,  and  the  absorption  is 
excellent  and  superior  to  that  in  all  other 
absorbers. 


I The  finished  liquor  in  the  absorber  may  show, 
according  to  the  quality  and  the  quantity  of 
the  lime  used,  a strength  of  from  24"Tw.  up  to 
32  Tw.,  and  statements  have  been  made  of 
strengths  obtained  up  to  44°Tw.  To  obtain 
the  subsequent  separation  of  the  potassium 
chlorate  in  a proper  manner,  it  is  concentrated 
by^re/^POi’ation  until  it  shows  from  50°Tw.  to 
70°Tw.,  and  during  the  evaporation  there  is 
considerable  corrosion  of  the  pans  and  also 
decomposition  of  the  chlorate.  For  these 
reasons  it  would  appear  that  more  attention 
might  be  given  to  the  direct  manufacture  of 
stronger  chlorate  liquors  by  an  adaptation  of 
the  process  referred  to  by  Lunge  as  used  by 
the  Griesheim-Elektron  Gompany  for  prepara- 
tion of  solid  crystalline  hypochlorite  of  calcium. 

The  finished  liquor  in  the  absorber  smells  of 
chlorine  and  of  hypochlorous  acid,  and  these 
objectionable  substances  for  the  subsequent 
treatments  may  be  removed  by  the  addition  of 
small  quantities  of  sodium  thiosulphate  or  of 
tank  waste. 

The  liquor  is  run  from  the  absorber  into  a 
settling  tank,  whence  the  clear  liquor  is  drawn 
through  a deep  siphon,  and  the  residual  mud 
is  run  into  a filter  press,  or  is  diluted  and  washed 
by  decantation,  the  washings  being  used  for 
making  fresh  milk  of  lime. 

The  strong  settled  liquor  is  measured  and 
tested  for  its  content  of  chlorate,  and  the 
theoretical  quantity  of  muriate  of  potash 
calculated,  allowing  for  the  approximately 
5 p.c.  of  impurities  contained  in  it. 

The  open  boiling-down  pans  are  made  either 
of  cast  iron  or  preferably  of  wrought  iron,  as 
it  does  not  crack,  and  is  repairable  when 
damaged  by  corrosion.  After  charging  with 
the  settled  liquor  the  fires  are  lighted  and  the 
muriate  of  potash  is  added.  The  boiling  is 
continued  until  the  hot  liquor  shows  70°Tw., 
when  the  boiling  is  stopped  and  the  liquor 
allowed  to  settle.  The  mud  consists  of  magnesia 
originally  contained  in  the  lime,  or  in  the 
muriate  of  potash,  then  converted  into  chloride 
which,  decomposing  in  the  pans  into  magnesia 
and  hydrochloric  acid,  makes  a very  objection- 
able mud,  and  also  corrodes  the  pan  from  which 
a sediment  of  ferric  oxide  results ; the  mud 
also  contains  gypsum  from  the  original  lime, 
and  from  the  sulphates  in  the  muriate  of  potash  ; 
to  prevent  this  mud  from  burning  fast  to  the 
pan  it  must  be  removed  after  each  operation, 
and  the  soluble  salts  recovered  by  washing. 

The  coolers  for  the  first  salts  are  generally 
made  of  iron,  since  in  no  case  can  a pure  pro- 
I duct  be  obtained  at  this  stage.  They  are  best 
made  like  those  used  for  soda  crystals,  with  a 
plughole  for  running  off  the  mother  liquor. 
They  ought  to  be  numerous  enough  to  permit 
of  the  liquor  remaining  in  them  9 or  10  days  in 
winter  and  14  days  in  summer.  Here  the  crude 
chlorate  of  potash  crystallises  in  long  acicular 
crystals,  totally  unlike  in  general  appearance 
the  thin  plates  in  which  the  same  salt  crystallises 
when  pure,  but  in  reality  possessing  exactly  the 
same  crystalline  faces,  only  developed  in  different 
fashion.  They  are  easily  distinguishable  from 
the  large  transparent  prisms  of  hydrated  calcium 
chloride  which  appear  if  the  concentration  has 
been  too  great.  They  must  be  broken  up  after 
I draining,  and  the  adhering  rnotlmr  liquor  washed 
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oft’  with  a little  water,  and  finally  drained  in  a 
hydro  extractor. 

The  mother  liquor  is  a nearly  saturated  solu- 
tion of  CaClg,  with  a little  KCl,  and  with  about 
30  grams  of  KCIO3  per  litre.  With  bad  work 
much  more  chlorate  is  left  in  the  liquor.  In 
the  very  best  case  10-12  p.c.  of  all  chlorate 
manufactured  is  lost  through  this  cause,  usually 
much  more  (25-30  p.c.).  Usually  it  is  not  even 
attempted  to  recover  the  chlorine  from  these 
liquors  by  heating  with  hydrochloric  acid — they 
are  simply  run  to  waste.  But,  with  due  care, 
the  mother  liquors  can  be  quite  well  worked  for 
chlorine  by  taking  care  to  run  the  hydrochloric 
acid  in  pari  passu  with  the  liquor.  Strictly 
speaking,  it  is  not  the  chlorine  of  the  chlorate 
which  is  recovered  in  this  way,  but  chlorine 
produced  by  oxidation  of  the  HCl  added. 

Wylde,  Hammill,  and  Auer  (Eng.  Pat. 
15097)  describe  a process  for  the  recovery  of 
about  half  the  chlorate  left  in  the  mother  liquor 
by  refrigeration.  The  process  is  described  in 
detail  by  Hammill  (J.  Soc.  Chem.  Ind.  1889, 
168),  who  states  that  the  crude  crystals  obtained 
by  refrigeration  have  a finer  grain  than  the 
ordinary  crude  crystals,  but  when  thrown  down 
from  mother  liquors  of  not  over  72°Tw.,  are  no 
more  impure,  and  are  as  readily  refined  by  one 
recrystallisation.  Hammill  says  that  on  cooling 
to  —12°  only  13 ‘5  grams  KCIO3  per  litre 
remain  in  the  liquors.  This  process  has  now 
been  worked  successfully  for  many  years. 

Another  process  for  greatly  reducing  the 
loss  of  chlorate  in  the  mother  liquors  is  that  of 
Pechiney  (c/.  Weldon,  J.  Soc.  Chem.  Ind.  1882, 
41).  He  concentrates  ordinary  chlorate  liquor 
made  from  lime  of  a density  of  42°Tw.,  up  to 
100°Tw.  (hot),  and  cools  it  down  to  at  least 
12°C.,  but  not  below  10°C.  Of  its  5 ’5  mols.  of 
CaCla,  4 ’3  are  thus  caused  to  crystallise  out  as 
CaCl2,2H20  (probably  it  should  be  6H2O),  but  if 
the  temperature  were  allowed  to  fall  below  10°, 
calcium  chlorate  would  crystallise  as  well.  The 
crystals  are  separated  by  a hydro  extractor,  and 
the  mother  liquor  is  treated  with  the  calculated 
quantity  of  KCl ; ^ there  being  only  1 *2  CaCla 
present  to  1 KICO3,  the  mother  liquors  cause  a 
very  much  smaller  loss  than  in  the  ordinary 
process.  Pechiney’s  process  is  specially  suited, 
and  was  originally  invented,  for  the  manufacture 
of  sodium  chlorate  (c/.  infra).  It  is  evidently 
only  possible  to  work  it  in  the  cold  season, 
unless  artificial  cooling  is  employed. 

The  crude  chlorate  of  potash  is  always  puri- 
fied by  recrystallisation  (‘  finished  ’).  For  this 
purpose  it  is  redissolved  in  a mixture  of  water 
and  of  the  mother  liquor  obtained  in  the  finish- 
ing process,  which  is  done  in  a lead-lined  vessel, 
with  the  aid  of  steam,  preferably  indirect 
steam.  The  solution  is  made  at  a full  boiling 
heat,  sometimes  with  the  addition  of  very  small 
quantity  of  sodium  carbonate  and  of  sodium 
sulphide,  in  order  to  precipitate  any  iron  and 
lead  present ; it  is  made  up  to  25°Tw.,  and, 
after  good  settling  and  straining  through  canvas, 
the  liquor  is  run  into  the  coolers.  These  are 
made  of  iron  lined  with  lead  (wood  lined  with 
lead  is  not  so  good) ; they  are  either  of  a deep 
pattern,  with  wooden  laths  placed  inside  for 

^ The  intermediate  formation  of  a calcium  oxy- 
chloride, described  in  P6chiney’s  patents  and  Weldon’s 
paper,  has  since  been  given  up. 


the  crystals  to  adhere  to,  or  else  they  are  made 
quite  shallow,  but  covered  over  to  prevent  any 
too  rapid  cooling.  The  crystalhsation  lasts 
from  8 to  14  days,  according  to  the  season. 

The  crystals  are  drained,  washed  on  the 
drainer,  and  then  again  drained  in  a hydro 
extractor.  This  is  imperative,  since  it  is  re- 
quired that  chlorate  of  potash  should  show  little 
or  no  trace  of  chlorides ; 0’05  p.c.  being  a 
maximum  sometimes  stipulated.  So  long  as 
there  is  PbCla  present,  this  cannot  be  very 
easily  effected,  but  the  lead  can  be  removed 
in  dissolving,  as  stated  before.  The  mother 
liquors  and  washings  are  used  over  again  till 
they  become  too  impure,  when  they  go  back  to 
the  boiling-down  pans.  The  crystals  are  dried 
on  a hollow  iron  plate,  covered  with  sheet  lead, 
and  heated  by  steam. 

Chlorate  of  potash  is  either  sold  as  ‘ crystals  ’ 
or  ‘ ground,  ’ For  the  former  purpose  the  crys- 
tals, as  they  come  from  the  drying  plates,  are 
sifted  through  a sieve  with  eight  holes  to  the 
linear  inch,  or  less,  as  the  case  may  be.  The 
powder  is  best  ground  while  still  slightly  warm. 
The  mills  may  be  of  any  description,  horizontal, 
edge  runners,  rollers ; but  the  chlorate  during 
grinding  ought  not  to  come  into  contact  with 
iron,  nor  with  any  organic  substance  (straw, 
wood  chips,  &c.),  or  dangerous  explosions  may 
occur.  It  must  be  sifted  through  a revolving 
sieve,  made  of  miller’s  gauze,  with  mechanical 
brushes.  The  powder  ought  to  be  snow-white, 
and  without  any  grittiness,  hke  fine  flour.  The 
crystals  ought  to  be  thin,  brilliant  transparent 
plates  ; excessive  drying  will  make  them  opaque. 
Both  are  usually  packed  in  1-cwt.  kegs,  laid  out 
with  blue  paper. 

The  loss  of  the  chlorine  used  to  amount  to 
about  38  p.c.,  with  the  new  processes  the  losses 
are  about  30  p.c,,  or  at  least  25  p.c.  The  loss 
of  the  potassium  amounts  to  25  p.c. 

Magnesia  Chlorate  of  Potash  Process. — The 
great  loss  of  chlorate  in  the  ordinary  process 
has  given  rise  to  the  process  of  Muspratt  and 
Eschellmann,  where  magnesia  is  substituted 
for  hme  (Eng.  Pat.  3960,  5183,  and  5186  of 
1883  ; and  1900  of  1885).  A detailed  descrip- 
tion of  this  process  has  been  given  by  Higgins 
(J.  Soc.  Chem.  Ind.  1887,  248).  The  magnesia  is 
obtained  by  burning  Greek  magnesite  at  not 
too  high  a temperature ; when  overburnt  it  is 
useless  for  the  absorption  of  chlorine.  The 
MgO  is  very  finely  ground,  suspended  in  water, 
and  exposed  to  the  action  of  chlorine  in  the 
ordinary  octagons.  The  reaction  is  not  so  vio- 
lent as  with  lime.  The  temperature  of  a finished 
octagon  is  usually  43°,  and  it  never  exceeds 
60°.  In  the  finished  liquor  the  proportion  of 
chlorate  to  chloride  is  very  near  to  the  theore- 
tical, viz,  1 : 5*1  or  less ; this  constitutes  an 
important  advantage  over  the  lime  process, 
7 p.c.  less  chloride  being  formed.  No  pink 
colour  appears  with  very  pure  magnesia,  but  it 
does  when  it  contains  manganese.  The  strength 
of  this  liquor  varies  from  1*17  to  1*22. 

The  octagon  liquor  is  now  boiled  down  to 
75°-80°Tw.,  when  on  cooling  about  50  p.c,  of 
the  chloride  will  crystallise  out  as  MgCl2,6H20. 
The  mother  liquor  contains  1 mol.  chlorate  to 
2*8  chloride.  Potassium  chloride  is  now  added 
to  it  in  slight  excess,  and  the  potassium  chlorate 
crystallised  out.  The  mother  liquors  being 
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much  less  in  quantity  than  with  lime,  and 
KCIO3  being  less  soluble  in  MgClg  than  in  CaCla, 
the  magnesia  mother  liquors  contain  much  less 
chlorate  than  lime  liquor  (on  an  average  19 
grams  down  to  10  grams  per  litre),  and  the 
yield  of  KCIO3  rises  to  90  p.c.  of  the  total. 

The  mother  liquor  is  treated  with  HCl  to 
destroy  the  chlorate,  with  due  precautions 
against  explosions.  The  still  liquor  is  now 
neutralised  with  MgO  ; a solution  of  kieserite 
(MgS04)  is  then  run  in  to  decompose  the 
calcium  chloride  present,  and  the  gypsum,  along 
with  iron  oxide,  is  settled  out.  The  liquor  is 
now  concentrated  in  cast-iron  pots  (wrought 
iron  is  acted  upon  too  much) ; the  iron  dissolving 
in  the  liquor  is  oxidised  to  the  ferric  state,  and 
is  precipitated  by  MgO  ; the  settled  liquor  is  run 
into  barrels,  where  it  sets  to  a hard  mass  con- 
taining 47  p.c.  of  MgCl^.  This  magnesium 
chloride  is  sold  to  cotton  sizers. 

This  process  would,  of  course,  only  become 
general  if  the  magnesium  chloride  obtained  as 
a by-product  could  be  profitably  decomposed  for 
chlorine,  as  it  is  not  saleable  by  itself  in  very 
large  quantities,  and  could  not  compete  in 
price  with  the  Stassfurt  article.  Such  utilisa- 
tion of  magnesium  chloride  for  the  manufacture 
of  chlorine  had  been  intended  by  Weldon,  who 
first  proposed  magnesia  for  the  above  purpose, 
and  it  is  again  mentioned  in  a patent  of  J. 
Wilson  (5975  of  1884).  Twyman  (4397  of 
1881)  proposes  dolomite,  under  the  idea  that 
double  chloride  of  potassium  and  magnesium 
(carnallite)  will  crystallise  out  of  the  mother 
liquor  after  the  chlorate.  (This  seems  quite 
hopeless,  since  the  principal  question  is  not 
that  of  saving  KOI,  but  KCIO3.) 

Electrolytic  Chlorate  of  Potash  Processes  are 
the  most  recent.  In  the  preparation  of  chlorine 
from  potassium  chloride  solution  by  the  Gries- 
heim  process  when  using  magnetite  anodes  the 
by-product  formed  is  potassium  chlorate,  and 
it  crystallises  out  in  the  anode  cells  and  is 
recovered.  More  direct  methods  are  described 
under  Sodium  chlorate. 

Uses  of  chlorate  of  potash  are  principally  for 
the  manufacture  of  lucifer  matches,  for  pyro- 
technical  purposes,  for  fuses,  for  some  descrip- 
tions of  gunpowder,  and  other  cases  where  it  is  a 
constituent  of  explosive  materials.  It  is  also 
largely  employed,  on  account  of  its  oxidising 
properties,  in  dyeing  and  calico  printing,  in  the 
manufacture  of  alizarin,  &c. 

Sodium  chlorate.  This  compound,  which 
formerly  was  only  a chemical  curiosity,  has 
become  of  technical  importance,  since  it  was 
found  that  it  is  much  more  suitable  for  the 
preparation  of  aniline  black  than  potassium 
chlorate,  owing  to  its  greater  solubility. 

It  was  at  first  thought  that  it  could  not  be 
prepared  from  the  calcium -chlorate  liquor  of 
the  ordinary  process,  because  NaC103  is  very 
soluble,  and  cannot  be  separated  from  CaClg  by 
crystallisation,  and  when  a demand  for  it  sprang 
up,  it  was  made  from  potassium  chlorate  by 
means  of  hydrofluosilicic  acid  (c/.  Lunge’s  Alkali, 
3,  320),  and  was  sold  at  two  or  three  times  the 
price  of  the  potassium  salt. 

The  process  of  Bottomley  and  Molesworth 
(Pat.  3005  of  1881)  consists  in  treating  a hot 
saturated  solution  of  potassium  chlorate  with 
one  of  bitartrate  of  soda,  and  separating  the 
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precipitated  potassium  bitartrate  from  the 
solution  of  sodium  chlorate. 

The  manufacture  of  chlorate  of  soda  from 
calcium  chlorate  liquor  was  first  carried  out 
by  Pechiney,  by  means  of  his  process  of 
removing  most  of  the  calcium  chloride  from 
the  crude  liquor  by  crystallisation.  The  purified 
liquor  thus  accumulated  during  the  colder  part 
of  the  year  is  mixed  with  a solution  of  ordinary 
sodium  sulphate,  that  is  saltcake,  neutralised 
by  lime  before  it  is  used,  with  continuous 
agitation,  until  all  the  calcium  soluble  salts 
have  been  converted  into  calcium  sulphate, 
and  final  additions  of  either  liquor  are  then 
made  until  neither  is  in  excess.  The  CaS04, 
which,  under  the  proper  conditions,  is  crystal- 
line, is  then  separated  from  the  liquor  by 
filtration  and  washed  in  a hydro  extractor. 
The  solution  of  sodium  chlorate  and  sodium 
chloride  is  now  concentrated  by  evaporation, 
during  which  most  of  the  sodium  chloride 
separates  in  the  solid  form  and  is  fished  out. 
The  remaining  solution  on  cooling  yields  crystals 
of  sodium  chlorate,  which  are  purified  by 
recrystallisation.  The  purified  sodium  chlorate 
crystals  contain  no  more  than  0'16  p.c.  NaCl. 
The  mother  liquors  from  the  chlorate  crystals, 
and  the  washings  of  the  sodium  chloride,  go 
back  into  the  process,  and  thus  nearly  all  the 
chlorate  contained  in  the  liquor  is  obtained. 

Chlorate  of  soda  is  manufactured  by  the 
Muspratt  Chlorate  Process  by  means  of  their 
magnesium  chlorate  liquor,  freed  from  nearly  half 
the  MgClg  by  evaporation  and  crystallisation  (c/. 
supra).  To  this  liquor  sodium  carbonate  is  added, 
till  all  the  magnesia  is  precipitated  as  a basic 
carbonate  (magnesia  alba),  in  order  to  be  used 
over  again  in  the  process.  The  remaining 
solution  of  NaC103  and  NaCl  is  concentrated 
by  evaporation,  with  fishing  out  the  NaCl,  and 
after  attaining  120°Tw.,  is  allowed  to  cool  down  ; 
the  sodium  chlorate  cry.stallises  out,  and  is 
purified  in  the  usual  manner. 

Manufacture  of  Alkaline  Chlorates  hy  Electro- 
lysis. The  passing  of  an  electric  current  through 
a solution  of  NaCl  or  KCl  liberates  Na  or  K at  the 
cathode,  and  Cl  at  the  anode.  The  Na  or  K at 
once  decomposes  H^O  to  form  NaOH  or  KOH 
and  hydrogen  gas.  If  the  electrolyte  is  heated 
from  45°  to  100°,  and  the  caustic  alkali  is  re- 
moved promptly  from  the  cathode  to  the  anode, 
the  Cl  liberated  is  absorbed  in  the  caustic  alkali 
produced  to  form  chlorate.  There  are,  however, 
a number  of  secondary  reactions,  both  at  the 
anode  and  the  cathode,  and  the  electrolysis  of 
the  chloride  cannot  be  carried  to  completion, 
because  the  product,  the  chlorate,  is  itself 
subjected  to  electrolysis  and  so  destroyed. 
Theoretically,  a current  of  1 ampere  will  pro- 
duce in  1 hour  0’7627  gram  KCIO3,  or  0’663 
gram  NaC103. 

Gall  and  Montlaur,  in  their  Eng.  Pat.  4686 
of  1887,  describe  the  production  of  alkaline 
chlorates  by  the  electrolysis  of  alkaline  chlorides 
in  a trough  divided  into  two  parts  by  a porous 
diaphragm.  The  anodes  are  platinum-iridium 
sheets  containing  10  p.c.  of  iridium ; ^ the 
cathodes  are  iron,  though  it  is  stated  that  nickel 
would  be  preferable.  The  electrolyte  consists 
of  a 25-p.c.  solution  of  KCl,  kept  at  a tempera- 
ture of  about  80°.  The  liquor  from  the  cathode 
compartment  containing  the  alkaline  hydrate 
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there  produced,  is  circulated  through  the  anode 
compartment  and  combines  with  the  chlorine 
liberated.  A current  density  of  50  amperes 
per  square  decimeter  is  used,  and  a pressure  of 
4 '5  to  5'0  volts  is  required.  In  the  case  of 
potassium  chlorate,  the  anode  liquor  is  run  into 
crystallising  vessels,  where  the  KCIO3  crystal- 
lises out,  and  the  mother  liquor,  after  resatura- 
tion with  KOI,  is  passed  back  to  the  cathode 
compartment.  In  the  case  of  sodium  chlorate 
the  anode  liquor  has  first  to  be  concentrated 
to  crystallise  out  the  NaCl  before  crystallising 
out  the  NaClOs.  The  crystals  obtained  require, 
of  course,  to  be  refined  by  recrystallisation,  as 
in  the  case  of  those  produced  by  chemical 
processes. 

Hurter  (Eng.  Pat.  15396  of  1893)  electrolyses 
KCl  in  a metal  vessel  which  acts  as  cathode, 
and  which  has  on  its  inner  side  a coating  con- 
sisting of  a mixture  of  Portland  cement,  salt 
and  sand,  which,  after  washing  out  the  salt, 
yields  a porous  diaphragm.  The  anode  is  a 
sheet  of  platinum  suspended  in  the  centre  of  the 
vessel.  Several  vessels  are  superposed  and 
worked  in  series,  being  kept  apart  by  insulating 
rubber  rings.  A solution  of  KCl  containing 
a little  caustic  alkali  is  run  into  the  top  vessel, 
from  which  it  overflows,  through  a glass  or 
ebonite  pipe,  into  the  cell  below.  The  hydrogen 
evolved  escapes  by  pipes  from  the  upper  part 
of  each  compartment. 

Blumenburg  (Eng.  Pat.  9129  of  1894) 
describes  a cell  with  a porous  diaphragm  in 
which  the  anode  compartment  is  closed  and 
connected  by  a pipe  with  the  bottom  of  the 
cathode  compartment,  so  that  the  chlorine 
liberated  at  the  anode  passes  into  the  liquor  in 
the  cathode  compartment,  and  there  combines 
with  the  caustic  alkali  produced,  the  tempera- 
ture being  maintained  at  a temperature  of 
about  49°.  In  the  Ger.  Pat.  89035,  and  also  in 
the  U.S.  Pat.  537179,  Blumenburg  passes  the 
chlorine  gases  from  the  anode  compartment 
into  a gas  holder,  from  which  they  pass  to  a 
separate  combining  vessel,  where  they  are 
absorbed  in  the  alkaline  liquor  from  the  cathode 
compartment.  Chlorate  is  also  formed  as  a 
by-product  in  the  Griesheim  cell  described 
above,  when  using  the  oxide  of  iron  anode. 

In  1899  Imhoff  made  a great  advance  in  the 
electrolytic  production  of  chlorate  by  his  dis- 
covery of  the  action  of  small  quantities  of 
chromate  of  potash  or  soda  in  the  electrolyte 
(U.S.  Pat.  627063  of  1899).  The  action  of  the 
chromate  is  to  form  an  insoluble  film  around 
the  cathode,  and  so  to  prevent  the  reduction 
of  hypochlorite  and  chlorate  by  the  nascent 
hydrogen  evolved  at  the  cathode,  and  has 
resulted  in  a very  marked  and  important 
improvement  in  the  current  efficiency. 

Details  of  the  electrolytic  chlorate  processes 
up  to  1903  were  collected  by  J.  B.  C.  Kershaw 
and  published  as  vol.  19  of  the  Monographien 
der  angewandte  Elektrochemie,  under  the  title. 
Die  elektrolytische  Chloratindustrie,  1905, 

p.  122. 

Perchlorates  of  Potassium,  Sodium,  and 
Ammonium.  That  by  the  electrolysis  of 
chlorates  there  were  formed  perchlorates,  was 
first  shown  in  1816  by  Stadion,  and  in  1847 
confirmed  by  Kolbe.  With  the  aid  of  such 
electrolytic  methods  the  above-named  per- 


chlorates have  been  manufactured  in  Mansboe, 
Sweden,  since  1895,  in  considerable  quantities 
(Carlson,  Zeit.  fiir  Elektrochemie,  6,  471), 
and  since  1901  in  Chedde,  Prance  {see  Lederlin, 
D.  R.  P.  136678).  The  ammonium  salt  is  used 
in  the  manufacture  of  explosives.  Laboratory 
experiments  are  described  by  Poerster  (Zeit. 
fiir  Elektrochemie,  4,  386)  and  Wintcler  (Chem. 
Zeit.  22,  90) ; see  Kershaw,  Elektrolytische 
Chloratindustrie,  p.  67. 

Hydrochloric  Acid.  Commercial  hydrochloric 
acid  is  a more  or  less  pure  solution  of  hydrogen 
chloride  HCl  in  water. 

Hydrogen  chloride  is  a 'colourless  gas,  of^ 
sp.gr.  D2596  (air=l),  and  molecular  weight 
36 ’457.  By  weight  it  consists  of  2 ‘74  parts  of 
hydrogen  and  97 '26  parts  of  chlorine.  It  can 
be  condensed  into  a liquid  by  cold  and  pressure. 
Its  m.p.  is  —-111 '4°,  and  b.p.  —83*1°,  and  its 
critical  constants  -(-5L4°±0'1°  and  81‘55±0’15 
atmospheres. 

The  vapour  pressures  can  be  expressed 
between  10°  and  51 ‘4°  by  the  formula  : 

log  p=M52048+0-010312(i-10-2) 

-0-000019989(i-10-2)2 
and  between  — 24*2°  and  10°  by  the  formula  : 
log  p=:M0106+0-013277(^+24*2) 

-0-000039978(^+24  *2)  2 

(Cardoso  and  Germann,  J.  Chem.  Phys.  1912, 
10,517;  11,632). 

The  heat  of  formation  of  a gram-molecule  of 
HCl  is  22001  cals. 

Hydrogen  chloride  has  a great  affinity  for 
water,  and  is  greedily  absorbed  by  it.  The  solu- 
tion is  the  ordinary  hydrochloric  acid  which, 
when  somewhat  concentrated,  emits  fumes  of 
HCl  on  exposure  to  the  air.  The  following 
table  by  H.  Deicke  shows  the  maximum  solu- 
bility of  HCl  in  water  at  varying  temperatures. 
1 c.c.  dissolves  at  the  temperature  t°  from  an 
atmosphere  of  pure  HCl  at  760  mm.  pressure  : — ^ 


t° 

VoIs.HClat0° 
and  760  mm. 
dissolved  in 

1 vol.  HgO 

Specific  gravity 
of  the  satu- 
rated solution 

Percentage  of 
HCl  by  weight 
in  the  solution 

0°C. 

525-2 

1-2257 

45-148 

4 

494-7 

1-2265 

44-361 

8 

480-3 

1-2185 

43-828 

12 

471-3 

1-2148 

43-277 

14 

462-4 

1-2074 

42-829 

18 

451-2 

1-2064 

42-344 

23 

435-0 

r-2014 

41-536 

The  behaviour  of  aqueous  solutions  of  HCl 
under  varying  conditions  of  temperature  and 
pressure  has  been  studied  by  Roscoe  and  Dittmar 
(Chem.  Soc.  Trans.  12,  128).  They  found  that 
concentrated  hydrochloric  acid  on  heating  loses 
both  gas  and  water,  but  as  the  proportion  of 
HCl  to  H2O  is  higher  in  the  vapour  than  in  the 
original  liquid,  the  residual  liquid  gradually 
becomes  weaker,  until  a sp.gr.  of  LlOl  and  a 
percentage  of  20-24  HCl  is  attained  at  a boiling 
temperature  of  110°;  the  acid  in  this  state 
distils  without  change,  provided  the  atmospheric 
pressure  is  760  mm.  At  a lower  pressure  the 
acid  distilling  unchanged  is  stronger,  at  a higher 
pressure  it  is  weaker.  A similar,  but  not  identical 
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limit  is  attained  when  strong  acid  is  exposed  to 
the  air  at  ordinary  temperatures. 

The  following  table  gives  the  percentages  of 
HCl  in  aqueous  hydrochloric  acid  at  various 
specific  gravities  and  at  a temperature  of 
15° 


Deg. 

Twaddell 

Spec. 

gravity 

! 

1 Percen- 
! tage  of 
! HCl 

Grams 
HCl 
per  litre 

1 cubic 
foot 
weighs 
lbs. 

1 cubic 
foot con- 
tains lbs . 
of  HCl 

1 

1-005 

1-12 

11-32 

62-66 

0-70 

2 

1-010 

2-12 

21-45 

62-97 

1-34 

3 

1-015 

3-12 

31-67 

63-29 

1-97 

4 

1-020 

4-11 

41-99 

63-60 

2-61 

5 

1-025 

5-11 

52-41 

63-91 

3-26 

G 

1-030 

6-11 

62-93 

64-22 

3-92 

7 

1-035 

7-10 

73-55 

64-53 

4-58 

8 

1-040 

8-10 

84-27 

64-84 

5-25 

9 

1-045 

9-10 

95-09 

65-16 

5-93 

10 

1-050 

10-09 

106-01 

65*47 

6-61 

11 

1-055 

11-09 

117-02 

65-48 

7-31 

12 

1-060 

12-09 

128-14 

66-09 

8-00 

13 

1-065 

13-08 

139-36 

66-40 

8-69 

14 

1-070 

14-08 

150-68 

66-71 

9-40 

15 

1-075 

15-08 

162-10 

67-03 

10-11 

16 

1-080 

16-07 

173-62 

67-34 

10-83 

17 

1-085 

17-07 

185-24 

67-65 

11-55 

18 

1-090 

18-07 

196-96 

67-96 

12-28 

19 

1-095 

19-07 

208-78 

68-27 

13-02 

20 

1-100 

20-06 

220-70 

68-59 

13-76 

21 

1-105 

21-06 

232-68 

68-90 

14-51 

22 

1-110 

22-06 

244-80 

69-21 

15-27 

23 

1-115 

23-05 

257-02 

69-52 

16-04 

24 

1-120 

24-05 

269-34 

69-83 

16-79 

25 

1-125 

25-05 

281-76 

70-14 

17-57 

26 

1-130 

26-04 

294-28 

70-46 

18-35 

27 

1-135 

27-04 

306-90 

70-77 

19-14 

28 

1-140 

28-04 

319-62 

71-08 

19-93 

29 

1-145 

29-03 

332-44 

71-39 

20-73 

30 

1-150 

30-03 

345-36 

71-70 

21-54 

31 

1-155 

31-03 

358-34 

72-02 

22-35 

32 

1-160 

32-02 

371-44 

72-33 

23-16 

33 

1-165 

33-02 

384-64 

72-64 

23-99 

34 

1-170 

34-02 

397-94 

72-95 

24-82 

35 

1-175 

35-01 

411-34 

73-26 

25-65 

36 

1-180 

36-01 

424-84 

73-57 

26-49 

37 

1-185 

37-01 

438-44 

73-89 

27-34 

38 

1-190 

38-01 

452-14 

74-20 

28-20 

39 

1-195 

39-00 

466-00 

74-51 

29-06 

40 

1-200 

40-00 

479-84 

74-82 

30-00 

Lunge  and  Hurter’s  Alkali-Maker’s  Hand- 
book gives  somewhat  lower  figures ; they  also 
give  the  following  table  for  correcting  the 
hydrometer  readings  for  varying  temperatures. 

The  Manufacture  of  Hydrochloric  Acid. 

In  former  days  small  quantities  of  acid  were 
produced  by  decomposing  common  salt  with 
sulphuric  acid  in  cast-iron  cylinders,  and  in 
order  to  utilise  the  more  expensive  sulphuric 
acid,  an  excess  of  common  salt  was  used.  The 
solid  product  left  in  the  cylinder  consisted  of 
sodium  sulphate,  mixed  with  20-30  p.c.  NaCl 
and  was  commercially  known  as  cylinder  cake. 
The  production  of  hydrochloric  acid  from 
cylinders  has,  however,  practically  ceased. 

Some  time  after  the  establishment  of  the 
Leblanc  soda  process  in  this  country  all  the 


hydrochloric  acid  of  commerce  was  obtained  as 
a by-product  of  that  process  ; at  first  the  process 
produced  enormously  more  hydrochloric  acid  gas 
than  could  be  sold  as  hydrochloric  acid  liquor. 
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and  some  of  the  difficulties  encountered  in  con- 
sequence are  detailed  in  the  following  account. 

New  sources  of  hydrochloric  acid  arose  when 
acetic  acid  began  to  be  chlorinated  by  the 
Badische  Anilin  und  Soda  Fabrik  in  great 
quantities  for  the  manufacture  of  monochlor- 
acetic  acid  and  artificial  indigo,  and  as  one  after 
another  organic  compound  came  to  be  chlorin- 
ated. Lastly,  since  the  output  of  chlorine  from 
the  electrolysis  of  the  chlorides  of  potassium 
and  sodium  was  not  sufficiently  readily  taken 
up,  processes  are  now  proposed  of  converting 
chlorine  into  hydrochloric  acid  either  with  the 
aid  of  hydrogen  obtained  in  the  decomposition 
of  wood  or  of  the  hydrogen  obtained  at  the  same 
time  as  the  electrolytic  chlorine. 

Hydrochloric  Acid  obtained  in  manufacturing 
Sodium  Sulphate  {Salt  Cake).  When  Leblanc 
decomposed  salt  in  order  to  obtain  sodium 
sulphate  he  proposed  to  convert  the  hydro- 
chloric acid  gas  evolved  into  ammonium 
chloride ; but  when  the  Leblanc  soda  process 
was  introduced  into  this  country  that  part  of 
his  suggestions  was  not  carried  out,  and  the 
acid  gas  was  regarded  as  possessing  no  value, 
and  it  was  simply  allowed  to  escape  into  the 
air.  This  continued  to  be  the  case  even  after 
that  manufacture  had  attained  a comparatively 
large  extension,  but  the  damage  caused  to  the 
neighbourhood  by  the  acid  gases  soon  brought 
about  the  intervention  of  local  authorities  and 
courts  of  law,  and  manufacturers  were  com- 
pelled to  pay  compensation  for  the  damages 
they  had  done.  Repeated  penalties  compelled 
the  alkali  manufacturers  to  seek  means  for 
condensing  the  acid  gas.  This  was  first  success- 
fully done  in  1836  by  Gossage’s  coke  towers, 
but  for  many  years  after  this  there  was  still 
considerable  damage  done  by  escaping  acid 
gas.  The  continued  disregard  by  the  old  alkali 
manufacturers  for  the  rights  of  their  neighbours 
led  in  Belgium,  in  1856,  to  a Parliamentary 
Commission,  and  in  this  country  in  1863  to 
Lord  Derby’s  Alkali  Act,  and  the  several 
subsequent  Acts,  by  means  of  which  British 
alkali  makers  were  compelled  to  adopt  thoroughly 
efficient  means  for  condensing  their  hydro- 
chloric acid,  and  this  has  benefited  all  other 
manufacturing  countries  as  well. 

The  reports  made  by  the  inspectors  under 
the  Alkali  Acts  form  an  invaluable  record  of 
all  the  various  steps  taken  for  improving  the 
condensation  of  hydrochloric  acid,  and  have 
helped  to  spread  a better  knowledge  of  that 
process  and  have  caused  manufacturers  to 
improve  it  up  to  the  highest  standard  of 
efficiency. 

The  Alkali  Acts  of  1863  made  it  incumbent 
upon  those  decomposing  salt  to  allow  no  more 
than  5 p.c.  of  the  hydrochloric  acid  to  escape 
into  the  atmosphere.  An  additional  Act  of 
1874  prescribed  that  no  more  than  0‘2  grain  of 
HCl  might  be  present  in  a cubic  foot  of  the  gas 
escaping  from  the  factory  into  the  air.  This 
corresponds  to  0‘454  gram  HCl  per  cubic  metre, 
* or  about  three  ten-thousandths  by  volume. 
The  latter  clause  applies  to  the  chimney  gases 
as  well,  and  not  merely  to  the  gases  escaping 
directl}^  from  the  condensing  apparatus. 
Although  these  requirements  were  at  first 
declared  by  many  to  be  impossible  of  fulfil- 
ment, the  actual  results  proved  at  once  that 


they  were  quite  possible,  and  the  escapes  regis- 
tered by  the  Alkali  Inspectors  have  averaged 
far  below  the  limits  assigned  by  the  Acts. 
In  1885  only  2 '13  p.c.  of  the  total  hydrochloric 
acid  was  allowed  to  escape,  and  the  chimney 
and  other  gases  escaping  into  the  air  contained 
only  OdO  grain  HCl  per  cubic  foot.  No 
change  has  been  made  in  the  limit  fixed  in 
1874,  and  the  working  of  that  Act  remains  satis- 
factory. Compare  the  survey  of  these  Acts  by 
the  Chief  Inspector  under  these  Acts  in  J.  Soc. 
Chem.  Ind.  1892,  120. 

Although  the  various  processes  and  apparatus 
used  for  the  manufacture'^of  sulphate  of  soda 
produce  gases  differing  within  wide  limits  in 
temperature  and  concentration  of  HCl,  an 
efficient  condensation,  i.e.  practically  complete 
absorption  of  the  HCl  in  water  to  form  a liquid 
acid  of  1'15-1’17  sp.gr.  is  usually  obtained. 

The  efficiency  of  the  condensation  of  gaseous 
HCl  in  water  is  dependent  on  three  considera- 
tions : 

1.  Temperature  of  the  gas  and  of  the 
liquid. 

2.  Concentration  of  HCl  in  the  gases  to  be 
scrubbed  and  of  the  acid  liquid  to  be  produced. 

3.  Time  of  contact  between  the  gas  and  the 
liquid,  and  the  average  distance  between  the 
gaseous  particles  and  the  liquid  particles,  and 
also  the  thickness  of  the  liquid  layer,  and  on  its 
motions  internal  and  as  a whole. 

On  issuing  from  the  sulphate  of  soda  plant 
the  acid  gases  require  cooling.  The  apparatus 
used  for  this  purpose  depends  on 
the  temperature  of  the  gases. 

If  the  gases  issue  from  the 
pot  or  pan  of  a handworked  salt- 
cake  furnace,  the  temperature  is 
comparatively  low.  In  this  case 
the  cooling  is  usually  done  iii  a 
row  or  rows  of  earthenware  pipes. 

The  pipes  used  are  often  un- 
glazed,  but  are  rendered  imper- 
vious to  moisture  and  gas  by 
boiling  in  tar.  In  some  cases 
the  earthenware  pipes  are  sub- 
stituted by  glass  pipes  of  12 
inches  diameter,  made  slightly 
taper,  as  shown  in  Fig.  27.  The 
glass  pipes  are,  of  course,  more 
liable  to  breakages  by  accident, 
and  also  through  the  effect  of 
violent  changes  of  temperature, 
than  the  earthenware  pipes,  but 
in  sheltered  positions  they  last 
well. 

For  the  hotter  gases  issuing 
from  the  furnace  of  an  ordinary 
muffle  hand  sulphate  of  soda 
furnace,  or  from  the  cylinders 
of  the  Hargreaves  process,  cast- 
iron  pipes  are  usually  used  to 
cool  the  gases  down  to  a safe 
temperature  before  passing  them 
as  before  into  earthenware  or  Fig.  27. 
glass  pipes.  The  action  of  the 
hydrochloric  acid  gases  on  cast  iron,  when  at 
a temperature  well  above  condensing -point  of 
liquid  acid,  is  very  slight. 

When  open  furnaces,  whether  ‘ hand  ’ or 
‘ mechanical  ’ (such  as  the  Mactear  furnace),  are 
used,  the  acid  gases  are  mixed  with  the  products 
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of  combustion,  and  are  consequently  both  much 

hotter  and  more  dilute.  Under  those  conditions 

extensive  series  of  cast-iron  pipes 

are  used  for  the  preliminary 

cooling  before  passing  the  gases 

into  the  earthenware  pipes  for 

final  cooling. 

The  earthenware  pipes  used 
are  usually  12-inch  or  15-inch 
diameter  socket  pipes,  the  joints 
being  made  with  a cement  of 
tar  and  China  clay.  The  cast- 
iron  pipes  vary  from  12  to  20 
inches  in  diameter,  according  to 
the  quantity  of  gas,  and  the  ar- 
rangement of  the  cooling  system 
of  pipes ; they  are  socket  pipes, 
the  joints  being  made  by  ram- 
ming into  the  socket  iron  filings 
moistened  with  ammonium  chlo- 
ride solution. 

The  arrangement  of  the  cool- 
ing pipes  depends  on  the  rela- 
tive positions  of  the  salt-cake 
furnaces  and  of  the  acid  con- 
densers and  the  space  available. 

When  the  salt-cake  furnace 
tance  from  the  condensers,  a single  direct  line 
of  pipes  may  be  a sufficient  means  of  cooling ; 
where  the  distance  apart  is  small  the  necessary 
amount  of  cooling  surface  is  obtained  by  adding 
extra  lengths  of  pipe  that  run  vertically  up  and 
down  and  that  start  from  a small  stone  cistern 
and  return  to  another  stone  cistern  for  the 
purpose  of  collecting  any  liquid  deposited. 


45°,  or  even  to  25°.  The  cooling  of  weak  gas  is 
far  more  important  than  the  cooling  of  strong  gas. 


isTa 


long'.fdis- 


Fia.  28. 

The  cisterns  are  usually  made  in  this  country 
of  silicious  sandstone  found  in  Yorkshire, 
and  known  as  ‘ Yorkshire  flag.’  The  cisterns 

are  composed 
of  flags  4-6 
inches  thick, 
bound  to  - 
gether  by 
strong  iron 
ties,  and  the 
joints  made 
tight  by  thick 
indiarubber 
cord  laid  in  a 
groove  be- 
tween the 
Fig.  29.  faces  of  the 

two  stones  or 

by  a mixture  of  tar  and  fire  clay,  as  in  Fig,  30. 
By  one  or  more  of  the  above  arrangements  of 
pipes  and  cisterns  the  acid  gases  areffiooled  to 


Fig.  30. 

The  gases  next  enter  the  apparatus  where 
the  hydrochloric'^  acid  gas  is  to  be  converted 
into  a liquid  acid  of  commercial  strength,  and 
that  in  such  a manner  that  practically  hardly 
a trace  of  acid  escapes 
condensation. 

The  apparatus 
almost  universally 
used  are  tall  stone 
towers,  packed  with 
broken  coke  specially 
arranged, down  which 
a stream  of  water  is 
allowed  to  trickle, 
and  up  which  the 
gases  are  caused  to 
flow  (Fig.  31).  These 
towers  were  invented 
and  patented  by 
Gossage,  in  1836. 

The  coke  tower 
has  the  merit  of  sim- 
plicity, and,  when 
carefully  packed,  of 
efficiency. 

The  comparative 
efficiency  of  various 
modes  of  treating 
liquids  with  gases  has 
been  dealt  with  in  a 
series  of  papers  by 
Hurter,  who  also 
gives  some  interest- 
ing data  on  coke- 
packed  towers  (J. 

Soc.  Chem.  Ind.  1885, 

639 ; 1887,  707  ; and 
1893,  227  and  989). 

Coke  towers  are 
erections  of  consider- 
able height,  varying 
from  about  40  feet  Fig.  31. 

to  60  feet.  The  hori- 
zontal sectional  area  may  vary  from  25  to 
180  square  feet.  They  are  provided  witli  a 
grating ^alfew^feet  over  the  bottom,  on  which 
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rests  the  coke  which  forms  the  ‘ packing  ’ of 
the  tower.  This  coke,  which  must  be  of  as 
hard  a quality  as  possible  (only  the  best  oven- 
coke  is  applicable  for  this  purpose),  is  disposed 
in  such  a way  that  the  gas  is  as  much  as  possible 
divided  in  a large  number  of  channels  (none  of 
them  being  so  wide  that  the  bulk  of  the  gas 
can  pass  up  through  it),  and  that  the  current 
of  gas  is  constantly  changed  in  direction.  For 
this  object  long  pieces  of  coke  are  laid  parallel 
in  a row ; the  next  row  is  made  to  cross  the 
lower  one,  and  so  forth.  The  size  of  the  pieces 
is  gradually  diminished  from  bottom  to  top. 
In  order  to  avoid  an  excessive  quantity  of  the 
gas  passing  up  the  side  of  the  condenser  along 
the  wall,  it  is  usual  to  place  a layer  of  finer  coke 
round  the  condenser  for  a few  inches  from  the 
wall.  By  this  arrangement  there  is  effected 
both  a great  division  and  constant  mixture  of 
the  gases,  and  at  the  same  time  a suitable 


spreading  of  the  feeding  water  over  a very  large 
surface.  One  great  advantage  coke  has  over 
flints  or  other  packings  is  that,  owing  to  the 
roughness  of  its  surface  and  its  porousness,  it 
always  retains  a large  store  of  liquid,  which 
tends  to  keep  the  working  of  the  condensers 
steady  under  a fluctuating  flow  of  acid  gases, 
and  to  tide  over  difficulties  occasioned  by  any 
unintentional  stoppage  of  the  liquor  supply. 
The  water  (or  sometimes  weak  acid)  is  fed  in  at 
the  top  by  some  contrivance  assuring  a uniform 
distribution  over  the  whole  area  of  the  tower ; 
and  in  trickling  down  it  keeps  the  surfaces  of 
the  coke  moist,  and  a very  large  area  of  contact 
between  the  gases  and  the  liquid  is  thus  pro- 
duced. These  towers  are  so  simple  to  construct 
and  so  effective  that  of  recent  years  there  has 
been  a growing  tendency  in  England  to  do  away 
with  all  cooling  pipes,  cisterns,  wash  towers,  &c., 
and  to  use  a couple  of  very  large  stone  towers  to  | 


do  the  whole  work  of  cooling  and  condensation 
for  two  or  even  more  salt-cake  pots  and  furnaces. 
The  towers  are  worked  in  series,  the  weak  acid 
from  the  second  or  final  tower  being  run  down 
the  first  tower.  In  this  way  both  complete 
absorption  of  the  acid  is  assured,  and  the  pro- 
duction of  a strong  liquid  acid,  i.e.  one  of  over 
1'15  sp.gr.  To  condense  the  acid  from  two- 
hand  salt-cake  furnaces  the  two  towers  may 
each  be  5 feet  square  and  50  feet  high. 

No  difficulty  is  now  experienced  in  pumping 
the  weak  acid  made  in  the  second  condenser 
on  to  the  top  of  the  first  condenser,  either  by 
stoneware  ram  pumps^  ebonite  ram  pumps. 


Fig.  33. 


stoneware  acid  eggs,  or  occasionally  even  yet  by 
the  Hazlehurst  membrane  pump,  patented  in 
1876.  The  ascension  pipe  is  usually  of  stone- 
ware or  ebonite,  occasionally  of  lead. 

Brick  towers  are  not  to  be  recommended,  as 
it  is  practically  impossible  to  keep  the  numerous 
joints  tight  against  acid  oozing  out.  Columns 
of  stoneware  pipes  cannot  be  made  of  a large 
area,  and,  therefore,  are  not  very  well  adapted 
to  large  works,  at  least  if  intended  for  coke 
towers ; but  they  do  very  good  service  at 
smaller  works,  or  as  supplementary  to  a large 
condensing  plant  of  stoneware  receivers.  The 
material  mostly  employed  for  coke  towers  is  acid 
proof  sandstone  or,  in  France,  volvic  lava,  just  as 
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for  acid  tanks.  The  system  of  joining  the  flags 
together  is  the  same  as  shown  in  Figs.  28  and 
29,  or  else  as  in  Fig.  30,  or  as  shown  in  Fig  32, 
in  whieh  the  flags  are  kept  together  by  means 
of  grooves  worked  in  the  stone,  and  without 
the  aid  of  any  ironwork,  which  is  always  a source 
of  anxiety  in  acid  condensers. 

The  coke  towers  are  generally  placed  at  a 
high  level,  and  are,  if  necessary,  put  upon  pillars, 
for  the  purpose  of  running  the  acid  from  them 
by  gravitation  either  into  chlorine  stills,  or  into 
store  cisterns  for  sale.  They  must,  of  eourse, 
have  a very  secure  foundation,  in  the  eonstrue- 
tion  of  whieh  not  merely  the  great  weight  of  the 
tower  must  be  eonsidered,  but  also  the  proba- 
bility that  there  will  be  now  and  then  leakages 
of  acid  which  may  make  the  foundation  unsafe. 
This  ean  be  avoided  by  asphalting  the  ground 
in  such  a way  that  any  acid  running  down 
cannot  penetrate  into  the  soil,  and  is  conveyed 
to  a safe  distance.  Any  damage  done  to  the 
foundation,  even  if  it  amounts  to  much  less. 
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Fig.  34. 

than  would  eause  the  erection  to  break  down 
altogether,  is  extremely  injurious,  because  it 
will  almost  unavoidably  lead  to  the  tower 
getting  out  of  level,  in  which  case  the  liquid  will 
principally  descend  on  the  lower  side ; thus 
the  necessary  distribution  of  the  liquid  is  not 
attained,  and  the  action  of  the  condenser  is 
most  injuriously  affected. 

It  has  been  already  stated  that  the  feeding 
of  the  towers  with  water  or  with  weak  acid 
must  take  place  in  such  manner  as  to  distribute 
it  equally  over  the  whole  surface  of  the  coke. 
Formerly  this  was  generally  done  by  a distri- 
buting wheel  (shown  in  Figs.  33  and  34)  worked 
by  the  pressure  of  the  feed  water  itself.  Fig. 
33  ought  to  show  two  jets  feeding  the  outer 
circle  of  holes.  This  causes  the  stream  of  water 
to  reach  successively  every  one  of  the  holes  on 
the  top  of  the  condenser,  and  thus  secures  a 
uniform  distribution  without  depending  upon  the 
top  of  the  tower  being  at  a mathematical  level. 

Recently  most  manufacturers  have  done 


away  with  these  acid  wheels,  and  have  intro- 
duced troughs  provided  with  a number  of  over- 
flows all  at  the  same  level,  feeding  the  same 
number  of  ‘ lutes.’  This  arrangement  is  indi- 
cated on  Fig.  31.  This  figure  represents  a tower 
built  as  Fig.  32,  the  cross-hatched  outer  portion 
representing  the  timber  framework  to  support 
the  feeding  cistern. 

Another  form  of  apparatus  for  dissolving 
the  hydrochloric  acid  gas  is  the  Lunge  Rohrmann 
plate  tower,  shown  in  Figs.  35,  36,  and  37. 


Fig.  35. 


It  consists  of  an  earthenware  tower  packed 
with  a series  of  perforated  plates  e,  e,  the  per- 
forations being  made  to  alternate  in  successive 
plates,  so  that  each  hole  corresponds  to  a solid 
place  in  the  plates  just  above  and  below.  Figs 
36  and  37  show  one  of  the  plates  in  detail. 
As  is  to  be  expected,  the  evidence  for  and 
against  the  improved  packings  for  the  con- 
densing towers  is  very  conflicting,  and  as  the 


Fig.  36.  Fig.  37. 


cost  of  them  is  naturally  higher,  the  coke-packed 
tower  has  fully  maintained  its  position. 

In  France  and  Germany  a somewhat  different 
system  of  cooling  and  condensation  is  in  general 
use.  The  earthenware  and  glass  pipes  mentioned 
above  as  being  used  almost  exclusively  in  this 
country  for  the  cooling  of  the  gases  are  more  or 
less  completely  substituted  by  a series  of 
earthenware  Woulffe’s  bottles,  known  technically 
as  bombonnes  or  touries  {see  Fig.  38).  The 
figure  is  drawn  too  small  to  show  that  the 
vessel  on  the  right  is  about  1 inch  higher  than 
the  vessel  on  the  left ; the  liquids  travel  down 
hill  from  right  to  left,  and  consequently  the 
gases  are  made  to  travel  from  left  to  right. 
The  size  of  the  bombonnes  varies  from  40  to  100 
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gallons.  They  are  arranged  in  sets  of  40  up  to 
100,  as  shown  in  Fig.  39,  and,  in  spite  of  the 
relatively  high  temperature  in  the  leading 


bombonne,  eventually  gives  a liquid  acid  of 
1T5-1'18  sp.gr.  They  are  made  of  the  best 
stoneware,  which  is  able  to  stand  somewhat 
violent  changes  of  temperature.  After  leaving 
the  bombonnes,  the  acid  gases  are  finally 


scrubbed  with  water  in  a coke-packed  tower, 
similar  in  design  but  usually  much  smaller  than 
those  used  in  this  country.  The  weak  liquid 
acid  produced  in  this  tower  supplies  the  stream 
of  weak  acid  required  by  the  bombonnes.  The 
figure  does  not  show  the  means  of  running  off 
the  strong  acid  from  the  lowest  bombonnes  in 
the  series,  nor  the  cisterns,  &c.,  for  receiving  the 
, acid. 

I In  the  condensation  of  hydrochloric  acid 
[ gas  in  water  with  the  apparatus  at  present  used 
j and  described  above,  there  is  little  reason  for 
difficulty  in  avoiding  losses  of  HCl  through  in- 
complete absorption.  The  difficulty  more  com- 
monly experienced  is  to  combine  the  complete 
absorption  enforced  by  law  with  a high-strength 
liquid  acid. 

The  impurities  found  in  commercial  hydro- 
chloric acid  made  by  the  above  processes  are, 
chiefly,  sulphuric  acid,  ferric  chloride,  arsenic 
trichloride,  and  either  free  chlorine  or  sul- 
phurous acid. 

Sulphuric  acid  is  the  largest  impurity.  The 
I hydrochloric  acid  condensed  from  the  pan  or  pot 
I gas  is  always  much  purer  than  that  from  the 
! roaster  gas.  The  quantity  of  sulphuric  acid  in 
I the  gases°^from  the  salt-cake  furnace  sometimes 
: amounts  to  2 p.e.  and  upwards;  it  is  very 
troublesome  in  the  Weldon,  and  fatal  in  the 
Deacon,  chlorine  process,  and  in  some  other 
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Fig.  39. 


applications  of  hydrochloric  acid.  The  sul-  i denser  or  dry  scrubber  before  condensation, 
phuric  acid  in  the  salt-cake  furnace  gases  can  1 A large  number  of  suggestions  have  been  made 
be  removed  to  a large  extent  by  a small  con-  | for  the  purification  of  the  salt-cake  furnace 
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gases,  so  as  to  render  them  suitable  for  the 
Deacon  process,  but  the  only  one  of  these  pro- 
cesses to  achieve  practical  success  is  the  Hasen- 
clever  process  (Eng.  Pat.  3393  of  1883).  {See 
at  end  of  Deacon  Chlorine  Process.) 

Arsenic  gets  into  the  hydrochloric  acid 
through  the^  sulphuric  acid  employed  in  its 
manufacture ; the  arsenic  is  thereby  converted 
into  AsClg,  and  passes  as  such  into  the  conden- 
sing apparatus.  Many  plans  have  been  pro- 
posed for  its  removal — most  frequently  a treat- 
ment with  sulphuretted  hydrogen  or  with 
sulphides.  Bettendorf  (Dingl.  poly.  J.  194,  253) 
precipitates  the  arsenic  from  concentrated  hydro- 
chloric acid  by  stannous  chloride,  and  then 
distils  the  decanted  acid.  Duflos  dilutes  the 
acid  to  sp.gr.  1-13,  and  digests  it  with  strips  of 
sheet  copper  at  30°C.  for  24  hours,  and  repeats 
this  treatment  with  freshly  scoured  copper. 
This  removes  all  the  arsenic  and  the  free 
chlorine,  and  reduces  the  ferric  chloride  to 
ferrous  chloride,  which  remains  behind  on 
distillation.  Beckurts  (Fischer’s  Jahresb.  1884, 
348)  distils  hydrochloric  acid  with  ferrous 
chloride  and  removes  the  first  30  p.c.  containing 
all  the  arsenic. 

Selenium  is  sometimes  found  in  such  quan- 
tities in  hydrochloric  acid  as  to  be  troublesome 
in  its  application  (Davis,  J.  Soc.  Chem.  Ind. 
1883,  157). 

Hydrochloric  Acid  from  other  Sources  than  the 
Leblanc  Process.  Attempts  have  been  made  to 
produce  hydrochloric  acid  from  many  sources, 
notably  from  the  residual  liquors  of  the  ammonia- 
soda  process.  A number  of  suggestions  have 
been  made  for  the  direct  production  of  HCl : 
1st,  from  CaCla ; 2nd,  from  MgClg ; 3rd,  from 
NH4CI.  In  this  connection  ' compare  the 
references  given  for  the  production  of  chlorine 
from  these  bodies  earlier  in  the  article.  As  far 
as  is  known,  none  of  the  processes  is  used. 
Mond  (1883)  heats  the  ammonium  chloride  with 
so  much  sulphuric  acid  that  the  acid  sulphate 
is  formed  and  all  HCl  is  expelled.  The  acid 
sulphate  is  converted  by  means  of  ammoniacal 
vapours  into  the  neutral  salt  of  commerce. 
0.  N.  Witt  (1886)  expels  the  HCl  from  NH4CI 
by  means  of  syrupy  phosphoric  acid,  which 
forms  ammonium  phosphate.  On  heating  this 
at  a higher  temperature,  the  ammonia  is  driven 
out  as  well,  and  the  phosphoric  acid  is  re- 
generated. Jurisch  (Dingl.  poly.  J.  267,  431) 
has  shown  that  this  process  is  not  practicable, 
because  there  is  no  material  known  which  resists 
the  fusing  phosphoric  acid,  and  only  63  to  86 
p.c.  of  the  NH3  is  recovered.  Mond  passes  the 
vapour  of  ammonium  chloride  over  nickel 
oxide,  heated  to  at  least  350°,  which  absorbs 
the  HCl  and  allows  the  NH3  to  pass  on.  After 
a certain  time  the  process  is  changed  by  raising 
the  temperature  to  500°  or  600°  and  decomposing 
the  nickel  chloride  by  steam,  when  HCl  is 
driven  oS  and  NiO  regenerated.  (Several 
patents  taken  out  in  1886.) 

During  recent  years,  when  the  chlorination 
of  organic  compounds  has  grown  by  vast 
strides,  the  hydrochloric  acid  gas  produced 
when  a hydrogen  atom  is  substituted  by  a 
chlorine  atom,  has  had  to  be  collected  and 
utilised.  These  reactions  are  referred  to  in  a 
previous  page  when  describing  the  uses  of 
chlorine.  The  hydrochloric  acid  gas  is  evolved 
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almost  pure,  is  easily  condensed,  and  yields  an 
acid  quite  free  from  the  usual  impurities. 

Hydrochloric  acid  has  also  been  produced 
by  passing  chlorine  over  wood  at  a temperature 
of  150°-350°,  whereby  charcoal  is  also  formed 
(Bosnian  Electricity  Works  at  Jacie,  D.  B.  P. 
158086). 

Lastly,  hydrochloric  acid  has  been  prepared 
by  processes  inverting  the  practices  of  the  last 
hundred  years,  namely,  it  has  been  prepared 
from  its  elements  as  a direct  and  definite  pro- 
cess without  the  formation  of  by-products,  or 
for  any  other  reasons  than  its  own  preparation 
aiid  the  utilisation  of  the  two  elements  formed 
by  the  electrolysis  of  potassium  and  sodium 
chlorides.  The  gases  are  mixed  and  passed 
over  charcoal  (D.  R.  P.  114219),  or  they  are 
burnt  together  at  jets  (Soc.  Italiana  di  Elettro- 
chimica;  J.  Soc.  Chem.  Ind.  1915,  1142),  or 
they  are  combined  together  by  Roberts’  patent 
(Electrochemical  and  Metallurgical  Industry, 
1910,  704),  and  by  this  last  process  the  acid  has 
been  manufactured  in  Niagara  since  1914. 

The  conveyance  of  hydrochloric  acid  mostly 
takes  place  in  glass  carboys  of  10  or  12  gallons 
capacity  with  basket  or  wire  hampers,  sometimes 
in  earthenware  carboys  of  the  same  size,  and 
recently  hard  white  vitrefied  earthenware  jars 
have  become  available.  At  a large  French 
works,  some  years  ago,  tank  waggons  were  used, 
carrying  iron  cylinders  lined  with  ebonite. 

Tank  waggons  have  of  late  years  come  into 
general  use,  especially  on  the  Continent.  They 
consist  of  a waggon  platform,  carrying  a number 
of  stoneware  jars  of  about  1 ton  capacity  each 
jar.  Fig.  40  shows  such  a waggon  carrying  12 


Fig.  40. 


jars,  each  of  which  holds  1 ton  of  acid.  Specially 
prepared  wooden  tanks  are  also  used  occasionally. 

The  applications  of  hydrochloric  acfd  solu- 
tion are,  first  and  foremost,  for  producing 
chlorine  by  the  Weldon  process ; for  the 
cleaning  of  thin  sheet  iron  when  the  same  is 
to  be  coated  with  zinc,  tin,  or  lead  ; for  extract- 
ing the  phosphates  from  bones  and  from  bone 
char — for  which  purposes  it  must  be  quite  free 
from  sulphuric  acid  ; for  preparing  zinc  chloride, 
and  zinc  ammonium  chloride  from  the  residual 
‘ flux  skimmings  ’ ' of  galvanising  works  ; for 
souring  goods  during  the  process  of  bleaching  ; 
for  neutralising  the  alkaline  melts  in  the  manu- 
facture of  alizarin,  resorcin,  &c.  ; for  the 
manufacture  of  aniline  hydrochloride,  stannous 
chloride,  ferric  chloride  ; for  the  preparation  of 
pure  carbonic  acid  from  limestone ; in  dyeing 
and  tissue  printing;  and  in  the  manufacture  of 
manv  coal  tar  colours  and  intermediates,  &c. 

H.  B. 

O)  CHLOROACETOPHENONE  v.  Ketones. 

CHLOROBENZALDEHYDE  v.  Benzalde- 
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CHLOROBENZENE  v.  Phenyl. 

S CHLOROBENZENEDISULPHONIC  ACID 

C6H5C1(S03)2H2.  Formed  by  heating  at  300° 
chlorobenzene  with  five  times  its  volume  of 
fuming  sulphuric  acid  containing  20  p.c.  of 
sulphur  trioxide.  Forms  barium,  potassium  and 
ammonium  salts,  a dichloride,  m.p.  105’5°-106° 
and  a diamide,  m.p.  223°-224°.  The  dichloride 
heated  under  pressure  at  200°-210°  with  phos- 
j)horus  pentachloride  yields  S-trichlorobenzene 
(Olivier,  Bee.  trav.  chim.  1918,  37,  307). 

p-CHLOROBENZENE  DIAZOCYANIDES  v. 
Diazo-  compounds. 

CHLOROBROM.  Trade  name  for  a mixture 
of  equal  parts  of  potassium  bromide  and  chloral 
formamide  dissolved  in  water. 

CHLOROFORM,  Trichloromethane  CHCI3. 
Chloroform  was  discovered  by  Liebig  in  1831 
(Pogg.  Ann.  23,  242),  and  independently,  about 
the  same  time,  by  Soubeiran  (Ann.  Chim.  Phys. 
[2]  48,  131).  Its  actual  composition  was  first 
determined  by  Dumas  (Ann.  Chim.  Phys.  [2] 
56,  115)  to  whom  is  also  due  the  name  by  which 
it  is  now  known.  Chloroform  is  largely  em- 
ployed as  an  anaesthetic  and  is  an  important 
solvent,  finding  technical  application  in  the 
manufacture  of  fats,  rubber,  resins,  alkaloids, 
&c.  It  is  also  a useful  antiseptic. 

Formation. — 1.  By  the  action  of  alkalis  on 
chloral  (Liebig,  Pogg.  Ann.  23,  442  ; Annalen,  1, 
199  ; 162,  161) 

CCI3CHO +NaOH = CHCI3 + HCOONa 

2.  By  the  action  of  water,  ammonia,  or 
alkalis  on  trichloracetic  acid  (Dumas,  Annalen, 
32,  101 ; Beckurts  and  Otto,  Ber.  14,  589) 

CCl3C00H+H-0H=CHCl3+C02+H20 

3.  By  the  action  of  bleaching  powder 
(chlorine)  on  ethyl  alcohol  or  acetone.  In  the 
case  of  alcohol  the  reaction  has  been  represented 
by  the  following  equations  : 

(a)  CHgCH^OH+CaOClg 

-CH3CHO  4-H2O  ACaClg 

(b)  2CH3CHO+3CaOCl2 

=2CCl3CHO+3Ca(OH)2 

(c)  2CCl3CHO+Ca(OH)2 

=2CHCl3  + (H-COO)2Ca 

According  to  Dott  (J.  Soc.  Chem.  Ind.  27, 
271),  however,  the  reaction  is  best  indicated  by 
the  equation 
3C2H50H+8Ca0Clo 

=2CHCl3+3CaC03+C02+H20+5CaCl2 
no  appreciable  amount  of  calcium  formate  being 
found  ill  the  products  of  reaction. 

According  to  Feyer  (Zeitsch.  Elektrochem. 
1919,  25,  115),  the  formation  of  chloroform  from 
alcohol  occurs  in  three  stages  : first,  an  oxidation 
of  the  alcohol  to  aldehyde ; secondly,  a forma- 
tion of  hypochlorite  ; and  thirdly,  an  interaction 
between  the  aldehyde  and  the  hypochlorite  : 

(i)  CH3-CH2-OH+HOC1 

=CH3CH0  + H20+HC1  ; 

(ii)  OH'+Cl2=H'+Cl'-fC10'; 

(iii)  CH3-CHO+3HOC1 

= CHCl3+HG02H+2H20  ; 

(iv)  H-C02H-fH0Cl=C02+H20+HCl. 
Equation  (i)  is  partly  replaced  by  the 

reaction 

CH3-CH2-0H  + 0=CH3CH0  + H20 
In  the  case  of  acetone  the  reaction  may  be 


expressed  thus  (Orndoff  and  Jessel,  Amer.  Chem. 
J.  10,  363)  : 

2CO(CH3)2+6CaOCl2 

=2CHCl3-f2Ca(OH)2+3CaCl2  + (CH3COO)2Ca 
Dott  (loc.  cit.),  however,  prefers  the  equation 
2CO(CH3)2+8CaOCl2) 

=2CHCl3  + (CH3COO)2Ca+2Ca(OH)2 
which  agrees  better  with  the  results  of  experi- 
ment. According  to  Ukita  ( J.  Chem.  Ind.  Tokyo, 

1918,  21,  219)  better  yields  are  obtained  by 
passing  chlorine  into  ethyl  alcohol  until  a liquid 
of  D=  1*299  is  obtained.  This  is  then  added  to 
a solution  of  bleaching  powder  and  lime  and 
distilled. 

Chloroform  is  also  produced  from  acetic 
acid  (Liebig),  acetophenone  (Orndoff  and 
Jessel,  loc.  cit.),  acetaldehyde  turpentine,  and 
terpenes  (Chautard,  Jahresb.  1851,  501)  by  the 
action  of  bleaching  powder  or  chlorine.  ( F.  also 
Brit.  Pat.  Ii6094,  1917.) 

4.  By  reactions  similar  to  the  foregoing 
chloroform  is  also  produced  by  the  electrolysis 
of  the  chlorides  of  alkali  or  alkali  earths  in 
presence  of  alcohol,  acetone,  &c.  (Ber.  1884, 
17,  Ref.  624 ; see  also  Waser  (Chem.  Zentr. 
1910,  1,  1122),  Feyer,  Zeitsch.  Elektrochem. 

1919,  25,  115). 

5.  By  the  reduction  of  carbon  tetrachloride 
(Geuther,  Annalen,  107,  212 ; v.  also  Chem.  Rev. 
1896,  88;  U.S.  Pat.  753325  (1904)  and  Eng. 
Pat.  13733  (1901)). 

6.  By  the  action  of  chlorine  in  sunlight  on 
methyl  chloride  (Regnault,  Annalen,  33,  328). 

7.  From  iodoform  by  the  action  of  phos- 
phorus pentachloride  (Gautier,  Bull.  Soc.  Chim. 
[2]  13,  127). 

Manufacture. — Chloroform  was  originally 
almost  wholly  manufactured  from  ethyl  alcohol 
or  methylated  spirit.  Purification  of  chloroform 
prepared  from  the  latter  presents  rather  more 
difficulty,  but  when  properly  carried  out  pure 
chloroform  is  obtained. 

Of  late  years  chloroform  has  been  made  for 
the  most  part  from  acetone,  and  although  for 
some  time  a prejudice  existed  against  the 
employment  of  chloroform  made  from  this 
source  for  anaesthetic  purposes,  it  is  now  recog- 
nised that  the  product  when  properly  prepared 
is  in  every  respect  equal  to  that  obtained  from 
alcohol. 

Chloroform  has  been  manufactured  success- 
fully in  America  for  some  years  past  from 
carbon  tetrachloride  by  reduction  with  nascent 
hydrogen.  This  is  most  efficiently  brought 
about  by  mechanically  agitating  a mixture  of 
the  tetrachloride  and  finely  divided  iron  in  water, 
a trace  of  acid  being  added  to  initiate  the  re- 
action (Smith,  U.S.  Pat.  753325  (1904);  see 
also  U.S.  Pat.  1101025,  1914). 

Attempts  have  also  been  made  to  manufac- 
ture chloroform  by  chlorination  of  the  ‘ natural 
gas  ’ (methane)  produced  in  enormous  quantities 
in  the  United  States,  but  so  far  these  attempts 
have  not  met  with  any  measure  of  success. 

Electrolytic  processes  for  the  production  of 
chloroform  from  alcohol  and  acetone  have 
formed  the  subject  of  a number  of  patents, 
but  the  commercial  results  do  not  seem  to  have 
been  so  successful  as  the  original  experimental 
work  promised,  and  very  little  chloroform  has 
been  made  by  this  means  (Sobering,  D.  R.  P. 
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29771  (1884),  v.  a^60  Zambelliti,  L’Ettricita,  1899, 
8,  664  ; Teeple,  J.  Amer.  Chem.  Soc.  26,  536 ; 
and  Waser  (Chem.  Zentr.  1910,  1,  1122). 

Manufacture  of  Chloroform  from  Acetone  and 
Bleaching -'powder. — This  is  the  process  most 
generally  employed.  The  method  differs  in 
minor  details  with  the  various  manufacturers, 
but  the  following  may  be  taken  as  representa-  | 


tive.  The  reaction  is  carried  out  in  a cast-iron 
still  of  about  800  gallons  capacity,  which  is 
provided  with  stirring  gear,  steam  and  cooling 
coils,  and  is  connected  with  a condenser.  Three 
hundred  gallons  of  water  are  run  into  the  still, 
and  800  lbs.  of  bleaching  powder  are  added 
through  a manhole,  which  is  then  securely 
bolted  down.  During  addition  of  the  bleaching 


powder  the  mixture  is  very  thoroughly  stirred. 
(In  some  processes  the  mixing  is  carried  out  in 
a separate  vessel,  and  the  suspension  is  strained 
from  the  larger  unbroken  lumps  of  bleaching 
powder  before  being  allowed  to  run  into  the 
still.)  The  container  (a  in  the  diagram  shown) 
is  charged  with  70  lbs.  of  acetone,  which  is  then 
slowly  run  into  the  bottom  of  the  still  by  means 
of  the  valve  B.  The  introduction  of  the  acetone 
is  accompanied  by  a rise  of  temperature  which 
is  not  allowed  to  exceed  110°F.,  cooling  being 


effected  if  necessary  by  stopping  the  flow  of 
acetone  and  circulating  cold  water  through  the 
cooling  coil  in  the  still.  When  all  the  acetone 
has  been  introduced  the  contents  of  the  still 
are  raised  to  134°F.  At  this  temperature 
chloroform  begins  to  distil  over.  The  tempera- 
ture is  then  very  gradually  raised  to  150°F. , 
so  as  to  keep  the  chloroform  steadily  distilling. 
Towards  the  end  of  the  reaction  the  mixture  is 
stirred  and  the  temperature  raised  until  no 
more  chloroform  distils  over. 
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The  crude  chloroform  obtained  is  separated 
and  purified  first  by  agitation  with  concentrated 
sulphuric  acid.  This  operation  is  carried  out 
in  the  vessel  shown  in  the  diagram ; 1500  lbs. 
of  crude  chloroform  are  introduced  into  the 
vessel  and  thoroughly  stirred  by  means  of  the 
agitating  gear  shown,  with  600  lbs.  of  sulphuric 
acid.  The  stirring  is  continued  until  a sample 
of  the  chloroform,  when  thoroughly  shaken 
with  pure  concentrated  sulphuric  acid,  does  not 
impart  the  slightest  colour  to  the  latter.  The 
time  required  for  complete  purification  is  usually 
about  3 hours.  The  chloroform  is  next  separated 
from  the  sulphuric  acid  and  finally  distilled  over 
lime. 

The  yield  obtained  from  the  above  quantities 
averaged  from  over  two  thousand  batches  was 
124  lbs.,  the  highest  yield  in  any  one  case  being 
131  lbs.  Variation  in  yield  is  attributed  to  the 
varying  composition  of  the  bleaching  powder, 
though  doubtless  other  factors  influence  the 
result.  Bleaching  powder  containing  less  than 
33  p.c.  of  available  chlorine  gives  unsatisfactory 
results,  while  samples  containing  more  than 
35  p.c.  of  chlorine  are  also  often  unsatisfactory. 
The  best  results  appear  to  be  obtained  with 
bleaching  powder  containing  about  34  p.c.  of 
available  chlorine. 

Manufacture  of  Chloroform  from  Alcohol. — 
This  is  carried  out  in  the  same  plant  as  that  used 
for  the  manufacture  of  chloroform  from  acetone. 
A mixture  of  alcohol  (150  lbs.)  and  water  (3000 
lbs.)  is  introduced  into  the  still,  bleaching 
powder  (750  lbs.)  added,  and  the  contents  of 
the  still  gently  heated  by  means  of  the  steam 
coil.  Chloroform  begins  to  distil  over  at  a 
temperature  of  about  140°-145°F.  Further 
heating  is  then  discontinued,  the  chloroform  dis- 
tilling off  by  reason  of  the  heat  generated  during 
the  reaction.  When  the  distillation  begins  to 
slacken  the  heating  is  resumed  until  at  a tem- 
perature of  155°F.  the  distillate  consists  of  a 
mixture  of  alcohol  and  water.  This  mixture, 
which  contains  rather  more  than  half  the 
original  alcohol,  is  used  in  making  up  the  next 
batch,  sufi&cient  fresh  alcohol  being  added  to 
make  up  the  required  150  lbs.  The  yield  of 
crude  chloroform  from  each  working  is  about 
75  lbs.  Purification  is  effected  as  described 
above. 

Chloroform  has  also  been  manufactured  by 
special  processes  for  the  purpose  of  producing 
directly  chloroform  sufficiently  pure  for  anaes- 
thetic purposes.  Of  these  the  most  important 
are  the  following  : — 

1.  Chloroform  from  Chloral. — It  was  found 
by  Liebig,  the  discoverer  of  both  compounds, 
that  chloroform  could  be  obtained  from  chloral 
by  distillation  with  alkalis,  and  subsequent 
washing  and  drying,  and  this  process  has  been 
utilised  for  the  manufacture  of  chloroform. 
Upon  the  same  reactions  has  been  based  a patent 
(Liebreich,  Eng.  Pat.  15930,  D.  R.  P.  176063, 
1904),  whereby  a dry  mixture  of  chloral  hydrate 
and  alkah  can  be  prepared  and  compressed, 
from  this  product  chloroform  may  be  prepared 
by  treatment  with  water.  Chloroform  obtained 
from  chloral  is  of  a high  degree  of  purity.  Like 
all  other  brands  of  chloroform  it  must,  however, 
be  preserved  by  the  addition  of  a small  amount 
of  alcohol. 

2.  Chloroform  Pictet, — This  product  is  ob- 


tained by  fractionally  crystallising  commercial 
chloroform.  The  crude  chloroform  is  cooled 
to  — 80°,  and  the  solid  impurities  are  filtered  off. 
The  filtrate  is  then  cooled  to  —82°,  and  the 
liquid  portion  is  drained  off.  The  crystallised 
chloroform  is  then  distilled  at  a very  low  tem- 
perature, and  the  middle  fraction  amounting  to 
about  80  p.c.  is  collected  as  chemically  pure 
chloroform  (Pictet,  Compt.  rend.  114,  1245 ; 
French  Pat.  215911,  1891  ; U.S.  Pat.  489592, 
1893).  It  was  originally  claimed  that  the 
‘ pure  ’ chloroform  obtained  by  this  means  was 
stable  in  the  presence  of  light,  and  from  this 
Schact  & Bilz  (J.  Soc.  Chem.  Ind.  1893,  12, 
543)  deduced  that  it  contained  a small  amount 
of  alcohol  which  was  subsequently  shown  to  be 
the  case. 

3.  Chloroform  Anschutz  {‘  Salicylid  chloro- 
form ’). — Anschutz  (Annalen,  273,  [1]  94)  ob- 
served that  chloroform  combined  to  form  well 
crystalline  compounds  with  the  lactide  con- 
densation products  obtained  from  o-phenol 
carbonic  acids.  These  compounds  break  up  on 
gentle  heating,  giving  pure  chloroform.  The 
compound  usually  employed  in  the  process  is 

tetrasalicylide  m.p.  261°-262°, 

obtained  by  the  action  of  phosphoryl  chloride  on 
, salicylic  acid.  This  combines  with  3 molecules 
of  chloroform  which  are  given  up  on  warming. 
The  recovered  salicylide  can  be  employed 
again.  The  product  obtained  by  this  process 
has  been  extensively  used  in  Russia. 

Properties.- — Chloroform  is  a heavy  colourless 
liquid  having  a sweet  taste  and  a pleasant 
ethereal  odour.  It  is  not  inflammable,  but 
when  diluted  with  alcohol  may  be  made  to  burn 
and  gives  a smoky  greenish  flame.  It  is  very 
slightly  soluble  in  water  (1  part  in  200),  but 
miscible  with  most  organic  solvents. 

According  to  the  most  accurate  determina- 
tions pure  chloroform  has  sp.gr.  1-52637  at  0°/4° 
(Thorpe,  Trans.  Chem.  Soc.  37,  196),  1-52657 
(Timmermans,  Bull.  Soc.  belg.  chim.  24,  244), 
or  1-4989  at  15°/4°  (Baskerville  and  Hamor,  J. 
Ind.  and  Engin.  Chem.  1912,  278).  According 
to  the  same  authors  the  boiling-point  is  61-2° 
{see  also  Wade  and  Finnemore,  Trans.  Chem. 
Soc.,  1904,  85,  946).  Chloroform  melts  'at 
— 83°  (Pictet).  Its  critical  temperature  is 
262-9°,  and  critical  pressure  53 -8  atmos.  (Kuenen 
& Robson). 

Reactions  and  detection  of  Chloroform.. — The 
most  important  reaction  of  chloroform  is  the 
formation  of  an  isocyanide  from  any  primary 
amine  when  the  latter  is  heated  in  presence  of 
chloroform  and  alcoholic  potassium  hydroxide 
solution 

CHCI3  -b  R -NHa + 3KOH =R  -NC + 3KC1+ 3H2O 

In  practice  aniline  is  usually  employed  as  the 
reacting  amine  and  the  characteristic  odour  of 
phenylisocyanide  is  readily  recognised.  In 
this  way  one  part  of  chloroform  in  5000-6000 
parts  of  alcohol  can  be  detected.  The  reaction 
is  also  given,  however,  by  bromoform,  iodoform, 
chloral,  trichloracetic  acid,  &c.  ; but  not  by 
ethylidene  chloride.  Chloroform  readily  reduces 
Fehling’s  solution  and  the  reaction  has  been 
used  as  an  indirect  method  of  estimation. 

A mixture  of  chloroform  vapour  and  hydro- 
gen when  passed  through  a red  hot  tube  yields  - 
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hydrochloric  acid.  This  reaction  also  may  be 
employed  for  the  detection  and  estimation  of 
chloroform  in  blood  or  other  (non-chlorinated) 
liquids  .(Allen,  Comm.  Org.  Anlysis,  vol.  i.  p. 
275).  a or  )8  naphthol  dissolved  in  concentrated 
potassium  hydroxide  solution  when  heated  with 
a little  chloroform  give  a blue  colour  which 
gradually  becomes  green  and  finally  brown  in 
contact  with  air. 

Ancesthetic  Chloroform. — The  use  of  chloroform 
as  an  angesthetic  was  first  advocated  by  Simpson 
in  1848  (Edin.  Monthly  J.  Med.  Sc,  8,  415),  and 
it  is  now  used  in  very  large  quantities  for  this 
purpose  alone.  Great  care  is  necessary  in  its 
production  for  this  purpose,  since  the  presence 
of  small  amounts  of  impurities  have  a deleterious 
and  often  dangerous  influence,  and  many  cases 
of  death  under  chloroform  have  been  attributed 
to  the  employment  of  impure  anaesthetic.  As 
the  result  of  a considerable  amount  of  investi- 
gation, it  has  now  been  shown  fairly  conclusively 
that  pure  chloroform  under  the  influence  of 
light,  air,  and  moisture  decomposes,  more  or 
less  rapidly  according  to  the  conditions  pre- 
vailing, and  that  the  products  of  decomposition 
are  carbonyl  chloride  and  hydrochloric  acid,  a 
reaction  which  may  be  represented  thus : 

CHClg+H^O  + Oa^COCL+HCl+HoO, 

CHCI3 + H2O  2 = COCI3  4-  HCl + H2O 

It  was  very  early  noticed  that  the  tendency  of 
chloroform  to  decompose  was  more  marked 
with  samples  which  showed  a high  specific 
gravity  (1’497  to  L50)  than  with  those  of  lower 
density,  and  the  greater  stability  of  the  latter 
was  attributed  to  the  presence  in  them  of  small 
amounts  of  alcohol.  It  had  earlier  been  sug-  | 
gested  by  Squibb  (Amer.  Med.  Monthly,  July, 
1857),  that  the  best  means  of  preserving  chloro- 
form was  the  addition  of  a small  amount  of 
alcohol.  This  practice  has  since  then  been 
recognised  as  sound  in  principle  and  the  addition 
of  alcohol  in  amounts  varying  from  0'6  to  LO 
p.c.  by  volume  is  allowed  by  most  of  the  pharma- 
copoeias. The  British  Pharmacopoeia  (1914) 
does  not  specify  the  amount  of  alcohol  permis- 
sible, but  defines  the  density  at  1 *483  to  1 *487. 

Considerable  diversity  of  opinion  has  been 
expressed  with  regard  to  the  role  played  by 
alcohol  in  preventing  the  decomposition  of 
chloroform,  but  it  now  appears  to  be  fairly  well 
established  that  it  acts  by  reason  of  its  property 
as  a reducing  agent,  oxidation  of  alcohol  taking 
place  in  preference  to  that  of  chloroform.  At 
the  same  time  the  products  of  oxidation  appear 
to  exert  a retarding  action  which  eventually 
reaches  a maximum.  When  chloroform  is 
preserved  with  alcohol  the  decomposition  of  the 
chloroform  is  entirely  prevented  until  all  the 
alcohol  is  oxidised,  when  decomposition  of  the 
chloroform  immediately  commences.  When 
properly  stored  and  packed  so  that  the  action 
of  light  and  air  is  reduced  to  a minimum, 
chloroform  containing  from  0-6  to  1 p.c.  by 
volume  of  alcohol  will  keep  for  years  (Schact 
and  Bilz,  Pharm.  J.  1893,  1005).  The  theory 
of  the  action  of  alcohol  outlined  above  is  due  to 
Baskerville  and  Hamor  (J.  Ind.  and  Chem.  Eng. 
1912,  368,  &c.),  whose  admirable  series  of 
papers  form  the  most  complete  and  recent 
account  of  the  subject  of  this  article.  Their 
theory  is  supported  by  the  fact  that  a large 
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number  of  organic  substances  soluble  in  chloro- 
form will  inhibit  the  decomposition  of  the  lattei 
by  light  and  air,  and  that  all  such  compounds 
are  reducing  substances  and  act  solely  on 
account  of  their  capacity  for  oxidation.  That 
such  compounds  are  not  used  in  practice  is 
merely  on  account  of  the  special  suitability  of 
alcohol  for  the  purpose. 

The  various  pharmacopoeias  also  insist  on 
certain  tests  for  the  absence  of  impurities,  other 
than  alcohol,  which  might  possibly  be  present  in 
chloroform  through  careless  manufacture  or 
storage.  The  deWls  of  the  tests  vary  in 
different  countries,  but  may  be  generally 
indicated  as  follows  : — 

(1)  The  odour  test. — This  is  usually  carried 
out  by  evaporating  a quantity  of  chloroform 
(10-50  c.c.)  to  small  bulk,  and  then  allowing 
the  residue  to  evaporate  on  a piece  of  filter  paper. 
At  no  stage  of  the  evaporation  should  there  be 
any  appreciable  foreign  odour,  e.g.  of  fusel  oil, 
higher  alcohols,  or  chlorinated  derivatives  of 
alcohol  or  acetone. 

(2)  Residue. — There  should  be  no  weighable 
residue  after  evaporation  of  50  to  100  c.c.  of 
chloroform. 

(3)  Sulphuric  acid  test, — This  consists  in 
shaking  chloroform  (usually  20  c.c.)  with  pure 
concentrated  sulphuric  acid  (usually  15  c.c.) 
for  a short  time  and  then  allowing  the  mixture 
to  stand.  The  two  layers  are  required  to  remain 
colourless  or  practically  so  over  a period  of  time 
which  varies  with  the  different  pharmacopoeias. 
The  object  of  the  test  is  to  detect  the  presence 
of  organic  impurities  which  should  have  been 
removed  in  the  process  of  manufacture. 

A more  delicate  variation  of  this  test  has 
been  suggested  by  Langgaard  (Therap.  Monatsh. 
May,  1902).  Concentrated  sulphuric  acid  and 
chloroform  are  mixed  in  the  proportions  required 
by  the  German  Pharmacopceia  and  then  four  or 
five  drops  of  formalin  (40  p.c.  solution)  added 
and  the  mixture  well  shaken.  No  coloration 
should  develop  on  standing.  The  German 
Pharmacopoeia  requires  the  solution  to  remain 
colourless  for  forty-eight  hours.  According  to 
Budde  (Veroffentlichungen  aus  dem  Gebiete  des 
Militar-Sanitatswesens,  1913,  6,  113),  however, 
the  sensitiveness  of  the  reaction  increases  with 
the  amount  of  alcohol  present. 

(4)  Acidity. — Water  shaken  with  chloroform 
and  separated  should  remain  neutral  to  litmus. 

(5)  Chlorine. — The  aqueous  layer  after  shak- 
ing chloroform  with  water  should  give  no  reaction 
when  shaken  with  a 10  p.c.  solution  of  cadmium 
iodide  and  a few  drops  of  starch  solution. 

(6)  Hydrochloric  acid. — The  aqueous  layer 
obtained  as  above  should  not  give  more  than  a 
very  slight  opalescence  with  a solution  of  silver 
nitrate.  {Cf.  Analyst,  1919,  407.) 

(7)  Decomposition  products. — Two  c.c.  of  the 
sulphuric  acid  solution  obtained  as  in  test  (3) 
when  diluted  with  5 c.c.  of  water  should  remain 
nearly  colourless  and  have  no  unpleasant  odour. 
When  further  diluted  with  10  c.c.  of  water  the 
solution  should  remain  colourless  and  on  addition 
of  a little  silver  nitrate  should  not  give  more 
than  a slightly  diminished  transparency. 

For  the  last  three  tests  Budde  {loc.  cit.) 
proposes  to  substitute  one,  namely,  a reaction 
with  benzidine,  which  it  is  claimed  is  simpler 
and  at  the  same  time  more  sensitive.  A little 
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pure  benzidine  is  dissolved  in  about  10  c.c.  of 
chloroform.  The  solution  should  remain  per 
f ectly  bright  when  kept  in  the  dark,  out  of  contact 
with  air  for  24  hours.  In  the  presence  of 
chlorinated  products  or  of  carbonyl  chloride  an 
opalescence  or  flocculent  precipitate  is  produced. 
1 f chloral  is  present,  a faint  red  coloration  develops 
at  first  and  changes  to  bluish-red  after  a time. 

Other  possible  Constituents  of  Ancesthetic 
Chloroform. 

Ethyl  chloride. — Chloroform  manufactured 
from  alcohol  was  at  one  time  considered,  for 
anaesthetic  purposes,  superior  to  that  obtained 
from  acetone.  Wade  and  Finnemore  (1904,  85, 
938)  showed  that  chloroform  prepared  from 
alcohol  contained  a small  quantity  (approx. 
0’05  p.c.)  of  ethyl  chloride,  and  to  this  they 
attributed  its  superior  qualities.  According  to 
them  pure  chloroform  prepared  from  acetone, 
and  to  which  a small  proportion  of  ethyl  chloride 
was  added,  was  alone  clinically  equal  to  that 
obtained  from  alcohol.  Baskerville  and  Hamor 
{loc.  cit.  p.  574),  however,  state  that  American 
anaesthetists  have  found  chloroform  from  acetone 
when  properly  purified  to  be  fully  as  reliable  as 
chloroform  from  alcohol.  They  therefore  look 
upon  ethyl  chloride  as  an  impurity  of  anaesthetic 
chloroform  which  although  perhaps  not  objection- 
able, has  no  special  value.  Since  the  boiling-point 
of  chloroform  is  lowered  to  the  extent  of  about  2° 
by  the  presence  of  Od  p.c.  of  ethyl  chloride 
(Wade  & Finnemore,  loc.  cit.)  its  presence  is 
easily  detected  by  fractionation. 

Acetaldehyde. — For  the  detection  of  this 
impurity  in  chloroform  Baskerville  and  Hamor 
suggest  the  following  : 10  c.c.  of  chloroform 

are  shaken  with  5 drops  of  Nessler’s  solution 
U.S.P.  and  allowed  to  stand  for  five  minutes. 
Anaesthetic  chloroform  should  show  no  precipitate 
or  colouration  under  these  conditions. 

For  the  detection  of  acetaldehyde  chloroform 
is  in  practice  often  tested  by  allowing  to  stand 
over  solid  KOH.  For  this  purpose  the  KOH 
should  contain  at  least  80  p.c.  KOH  and  be  free 
from  water,  otherwise  oxidation  of  alcohol  may 
take  place  and  a positive  reaction  be  obtained. 

Acetone. — Anaesthetic  chloroform  should  give 
a negative  result  when  tested  as  follows.  To 
10  c.c.  of  chloroform  are  added  5 drops  of 
0*5  p.c.  solution  of  sodium  nitroprusside  and 
2 c.c.  of  ammonia  (D=0*925)  and  the  mixture 
allowed  to  stand  for  five  minutes  in  the  cold. 
If  acetone  is  present  to  the  extent  of  0’2  p.c.  an 
amethyst  colour  is  produced.  By  saturating 
the  mixture  with  ammonium  sulphate  the  colour 
is  produced  in  the  presence  of  O'l  p.c.  of  acetone. 

Carbonyl  chloride,  which  is  only  likely  to  be 
present  in  badly  preserved  or  stored  anaesthetic 
chloroform,  may  often  be  detected  by  its  nauseous 
odour.  The  following  test  is  also  quite  satis- 
factory. To  15  c.c.  of  chloroform  in  a dry 
glass -stoppered  cylinder  of  25  c.c.  capacity  is 
added  sufficient  clear  solution  of  barium  hydrox- 
ide (0’5  p.c.)  to  completely  fill  the  tube,  which 
is  then  kept  in  the  dark  for  3 hours.  In  the 
presence  of  carbonyl  chloride  a film  of  barium  car- 
bonate is  produced  at  the  junction  of  the  liquids. 

Carbonyl  chloride  is  also  readily  detected  by 
the  benzidine  test  (Budde,  loc.  cit.),  which  gives 
a positive  reaction  with  one  part  in  twenty 
thousand  ( 1 : 20,000). 


The  impurities  of  commercial  chloroform  may 
include  chloral  alcoholate  and  similar  chloral  com- 
pounds. These  may  be  estimated  by  treating  the 
chloroform  with  N/10  alkali  and  titrating  the 
excess.  Pure  chloroform  is  not  affected  by  alkali 
of  this  strength.  Aldehydic  and  similar  com- 
pounds are  detected  by  means  of  Nessler’s  reagent, 
which  gives  with  impure  chloroform  a red-brown 
deposit  readily  changing  to  greenish  black.  Pure 
chloroform  gives  no  such  reaction  (Enz.  Apoth. 
Zeit.  1913,  28,  672  ; Analyst,  1913,  497). 

Chloroform  is  comparatively  unstable  under 
the  influence  of  ultra-violet  radiation  (Kailan, 
Monatsh.  1917,  38,  537). 

Detection  and  Estimation  of  Alcohol  in 
Chloroform. — For  the  detection  of  alcohol  in 
chloroform  the  iodoform  reaction  provides  a 
very  delicate  test  which,  however,  is  not  specific. 
It  is  best  carried  out  by  shaking  the  chloroform 
with  sulphuric  acid,  separating  and  diluting  the 
sulphuric  acid  layer.  This  is  then  distilled  and 
the  reaction  carried  out  on  the  first  portions  of 
the  distillate.  To  10  c.c.  of  the  distillate  6 drops 
of  a 10  p.c.  solution  of  potassium  hydroxide  is 
added,  the  mixture  warmed  to  about  50°,  and 
then  drop  by  drop  a solution  of  iodine  in  potas- 
sium iodide  until  a brown  colour  is  produced. 
The  solution  is  then  carefully  decolourised  by 
addition  of  potassium  hydroxide.  On  standing 
crystals  of  iodoform  separate. 

For  the  estimation  of  alcohol  the  density  of 
the  chloroform  forms  an  approximate  guide 
provided  the  chloroform  is  otherwise  pure,  but 
for  more  exact  determinations  the  method  of 
Nicloux  (Bull.  Soc.  chim.  [3]  35,  330,  1906)  as 
modified  by  Behai  and  Fran9ois  ( J.  Pharm.  Chim. 
[6]  5,  417)  is  recommended.  The  alcohol  is 
removed  from  the  chloroform  by  agitation  with 
sulphuric  acid,  the  latter  is  diluted  and  gently 
distilled.  The  distillate  is  boiled  with  sulphuric 
acid  and  potassium  dichromate  solution  con- 
taining 16 '97  grams  per  litre  is  added  until  a 
green  (not  greenish  yellow)  tint  is  obtained. 
Each  2 c.c.  of  solution  equals  O'Ol  gram,  of 
absolute  alcohol.  If  the  solution  contains  more 
than  2 p.c.  of  alcohol  it  must  be  diluted  and  the 
estimation  repeated.  A similar  modification  has 
been  suggested  by  Budde  (loc.  cit.).  A.  J.  E. 

1-CHLORO  - 8 - NAPHTHOL  -3:6-  DISUL  - 
PHONIC  ACID 

Cl  OH 

I 1 * 

S03H'yyi\/S03H 

is  prepared  by  dissolving  l-amino-8-naphthol- 
3 : 6-disulphonic  acid  in  a cooled  solution  of 
sodium  carbonate,  carefully  acidifying  with 
hydrochloric  acid  and  diazotising  with  the 
theoretical  amount  of  sodium  nitrite.  The 
separated  diazo-compound  is  warmed  with 
hydrochloric  acid  and  cuprous  chloride,  the 
copper  removed  by  sulphuretted  hydrogen,  and 
the  filtered  solution  saturated  with  common 
salt  when  the  acid  sodium  salt  of  the  chloro- 
acid  is  precipitated  (Cassella  & Co.,  I).  R.  P. 
79055).  The  chloro-acid  is  also  formed  by 
treating  1 : 8-naphthylene-diamine-3  : 6-disul- 
phonic acid  with  sodium  nitrite  in  acid  solution 
and  acting  on  the  azimino-compound  with  copper 
paste  (Badische  Anilin  und  Soda  Fabrik,  D.  R.  P. 
147852). 
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CHLOROPHENINE  ORANGE  v.  Azo- 
colouring MATTERS. 

CHLOROPHENINE  YELLOW  v.  Primuline 

AND  ITS  DERIVATIVES. 

CHLORORUBINE  v.  Madder. 

CHLOROXYLONINE  C22H23O7N,  an  alkaloid 
occurring  in  East  Indian  satinwood  {Ghloroxylon 
Swietenia  (DC.)).  It  crystallises  from  alcohol  in 
colourless  prisms,  m.p.  182°-183°,  [a]^®— 9°  18', 

in  chloroform,  is  soluble  in  excess  of  ammonia 
solution,  and  is  neutral  to  litmus.  The  salts  are 
crystalhne  and  dissociate  in  water  ,*  aurichloride 
B'HCPAuClg  groups  of  reddish-yellow  needles, 
m.p.  70°.  Chloroxylonine  contains  four  'OMe 
but  no  hydroxyl  groups  (Auld,  Chem.  Soc. 
Trans.  1909,  95,  964).  It  produces  derma- 
titis when  applied  to  the  skin  and  is  the  cause 
of  the  dermatitis  sometimes  experienced  by 
satinwood  workers  (Cash,  Brit.  Med.  J.  1911, 
Oct.  7 ; and  Bull.  Imp.  Inst.  1911,  9,  351). 

CHLORPICRIN  {trichloronitromethune)  CCla' 
NO 2 is  prepared  by  distilling  nitro-compounds 
(in  particular,  picric  acid)  with  bleaching-powder 
solutions  (Stenhouse,  Ann.  1848,  66,  241),  by 
long  heating  of  chloroform  with  fuming  nitric 
acid  (Mills,  Ann.  1871,  160,  117),  or  by  the 
action  of  chlorine  on  nitranilic  acid  (Levy, 
Jedlicka,  Ann.  1888,  249,  86). 

In  Hofmann’s  method  of  preparation  45  parts 
of  fresh  bleaching  powder  are  made  into  a paste 
with  water  and  mixed  with  a saturated  solution 
of  4 ’5  parts  of  picric  acid  in  water  at  30°.  As  soon 
as  the  very  violent  reaction  is  finished,  the  chloro- 
picrin  is  distilled  over  (Ann.  1866,  139,  111). 

Chlorpicrin  is  a mobile  liquid  which  boils  at 
111'9°C.  and  possesses  a specific  gravity  1-69225 
(0/4°)  Thorpe.  On  heating  it  slightly  decomposes 
into  carbonyl  chloride  and  nitrosyl  chloride 
(Cl3-N02=C0Cl2-|-N0Cl)  (Gardner  and  Fox, 
Chem.  Soc.  Trans.  1919,  1188).  On  strong  cool- 
ing it  solidifies  and  then  melts  at  — 69-2°C.  Its 
vapour  aets  as  a strong  irritant  to  the  eyes  and 
mucous  membrane.  For  thermal  expansion,  see 
Thorpe,  Chem.  Soc.  Trans.  1880,  37,  198.  On 
reduction  with  iron  and  acetic  acid  it  yields 
methylamine.  A similar  bromo-nitro-methane  is 
known.  It  melts  at  10°C.,  boils  at  127°  (118 
mm.),  and  is  converted  bytheaction  of  potassium 
cyanide  in  cold  alcoholic  solution  into  the 
dipotassium  salt  of  1-1-2 -2-  tetranitroethane 
(Scholl,  Ber.  1898,  31,  642;  ibid.  1902,  35,  4292). 

CHLORYL,  Syn.  for  ethyl  chloride  used  as 
an  anaesthetic. 

CHOCOLATE  is  a mixture  of  cacao  paste 
with  sugar  and  flavouring  matter.  The  paste 
is  prepared  from  fermented  cacao  beans  (the 
unfermented  kinds  being  unsuitable  for  choco- 
late making)  in  the  manner  described  under 
Cocoa.  The  sugar,  which  constitutes  50  p.c.  or 
more  of  the  mixture,  consists  usually  of  white 
crystals  (although  the  lower-grade  coloured 
sugars  may  be  used  for  the  cheaper  chocolates), 
ground  to  the  finest  powder  and  completely 
dried  before  admixture  with  the  cacao  paste. 
The  most  common  flavouring  substance  is 
vanilla,  but  other  spices,  as  cardamoms,  cinna- 
m6n,  cloves,  mace,  and  nutmeg,  or  the  essential 
oils  extracted  from  them,  also  artificial  flavour- 
ings such  as  vanillin,  are  frequently  employed. 
Peru  balsam  and  gum  benzoin  are  sometimes 
used  for  a similar  purpose.  The  flavourings  are 


introduced  either  in  alcoholic  solution  or  incor- 
porated with  sugar  moistened  with  a little  oil. 

It  is  essential  that  during  admixture  the  paste 
should  be  kept  in  a liquid  condition,  and  to  this  end 
the  mixing  machines  are  heated  to  a temperature 
slightly  above  the  melting-point  of  cacao  butter, 
say  from  35°  to  40°,  and  the  added  sugar  may  be 
previously  warmed  with  advantage  to  obviate  a 
fall  in  temperature  of  the  liquid  cacao  paste. 

The  various  characters  of  French,  Spanish, 
Swiss,  and  other  chocolates  depend  upon  the 
nature  and  proportions  of  the  different  ingre- 
dients used.  A number  of  recipes  for  the 
preparation  of  some  of  the  principal  types  of 
chocolate  are  given  in  Zipperer,  156. 

In  addition  to  sugar,  various  farinaceous 
substances  are  frequently  employed  in  the 
cheaper  forms  of  chocolate,  as  wheat  and  potato 
flourj  rice,  arrowroot  and  dextrin,  and  occa- 
sionally barley,  oats,  rye,  and  chestnut  flour. 
In  special  cases  where  sugar  is  inadmissible,  as 
in  ehocolate  intended  for  use  by  diabetic  sub- 
jects, the  sugar  is  replaced  by  saccharin  {q.v.). 
It  is  then  usual,  in  order  to  give  the  necessary 
‘ body  ’ to  the  chocolate,  to  add  some  form  of 
meal  or  flour  (preferably  leguminous) ; and  pea, 
bean,  or  linseed  meal  are  preferred  for  this 
purpose.  Nut  chocolate  is  made  by  adding  nuts, 
either  ground  or  whole,  to  the  ehocolate  paste  ; 
and  milk  chocolate  by  incorporating  with  it 
‘ milk  powder,’  i.e.  milk  deprived  of  its  moisture 
and  fat.  The  usual  composition  of  milk  choco- 
late, by  the  best  makers,  is  approximately  10  p.c. 
cacao,  25  p.c.  cacao  butter,  40  p.c.  sugar,  and  25 
p.c.  dried  milk.  The  above-mentioned  forms  of 
chocolate,  after  being  ground  into  a more  or  less 
homogeneous  mass,  are  placed  in  moulds  to  form 
bars,  blocks,  cakes,  and  numerous  fancy  shapes. 

An  immense  variety  of  fancy  preparations  of 
chocolate  consist,  however,  merely  of  a choeolate 
envelope  containing  other  substances,  as  biscuits, 
creams,  dried  fruits,  nuts,  fruit  jelly,  liqueurs, 
&c,,  and  in  some  cases,  medicinal  preparations, 
as  chocolate-coated  pills.  The  most  important  of 
these  fancy  preparations  are  the  chocolate  creams. 

The  so-called  ‘ cream  ’ is  made  either  from 
powdered  loaf  sugar  heated  until  it  melts,  or  a 
mixture  of  this  with  glucose,  with  or  without 
various  colouring  and  flavouring  materials. 
While  in  a liquid  state,  it  is  poured  into  moulds 
of  the  desired  shape,  made  in  starch  flour  on  a 
table,  which  can  be  kept  cool  and  which  can  be 
agitated  by  mechanical  means.  On  cooling,  the 
creams  set  into  a stiff  granular  mass,  when  they 
are  either  dipped  into  a liquid  chocolate  paste, 
or  the  latter  is  poured  over  them  by  hand  and 
spread  uniformly  by  means  of  the  rocking  table. 
The  process  of  covering,  as  well  as  most  of  the 
other  processes  in  the  manufacture  of  chocolate, 
are  now  generally  effected  by  means  of  ingenious 
and  complicated  machinery. 

An  extra  amount  ( about  15  p.  c. ) of  cacao  butter 
(or  substitute)  is  added  to  the  chocolate  intended 
for  covering  purposes,  to  keep  the  latter  in  a 
sufficiently  plastic  condition  during  the  process  of 
cooling  and  to  give  smoothness  to  the  finished 
article.  The  latter,  whether  in  the  form  of  plain 
chocolate  or  chocolate  confections,  should  be 
quickly  cooled,  and  attention  to  temperature  is 
important  throughout  all  the  various  operations. 

The  adulterants  commonly  used  in  chocolate 
are  similar  to  those  mentioned  under  Cocoa, 
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the  most  important  being  the  replacement  of  the 
cacao  butter  by  otlier  fats  and  oils  (as  coco-nut 
fat,  illipe  butter,  &c.),  the  addition  of  various 
farinaceous  substances,  including  dextrin,  and  the 
admixture  of  finely  ground  cocoa  shells,  (Zip- 
perer.  Die  Shokoladen  Fabrikationen ; Villiers 
et  Collin,  Traite  des  Substances  Alimentaires.) 

J C 

CHOCOLATE  FATS.  Under  this  name,  the 
writer  comprises  those  vegetable  fats  which  are 
used  in  the  manufacture  of  chocolate  as  cacao 
butter  substitutes.  The  natural  chocolate  fat 
is  cacao  butter,  and  best  chocolates  contain 
cacao  butter  only.  ‘ Cheap  ’ chocolates  are 
made,  to  a larger  or  smaller  extent,  if  not 
entirely,  with  substitutes.  At  first,  animal  fats 
were  used,  but  as  they  impart  an  unpleasant 
flavour  (‘animal  flavour’)  to  the  chocolate,  at 
present  fats  of  vegetable  origin  only  are  employed, 
such  as  coco-nut  stearine  and  palm-nut  stearine. 
During  recent  years,  attempts  have  been  made 
to  produce  chocolate  fats  from  Borneo  tallow, 
dika  fat,  and  similar  vegetable  fats.  J.  L. 

CHOLEIC  ACID  v.  Cholic  Acid. 

CHOLESTEROL  C27H46O.  Discovered  by 
Conradi  in  gall-stones  in  1775.  Occurs  in  all 
vertebrates  and  throughout  the  whole  of  the 
animal  kingdom  with  the  exception  of  certain 
groups  of  the  invertebrata  in  which  it  is  replaced 
by  closely  related  substances  (Doree,  Biochem. 
J.  1909,  4,  72),  It  is  found  in  bile,  blood,  the 
brain,  and  generally  in  all  animal  tissues,  being 
closely  associated  with  the  lipins  and  fat  present 
in  the  various  organs.  Biliary  calculi  are 
composed  almost  entirely  of  cholesterol.  Its 
most  abundant  source  is,  however,  wool  grease. 

It  may  be  obtained  from  animal  tissues  by 
the  following  method  : the  tissue  is  minced, 
dried  in  an  oven  at  100°  and  the  dried  material 
ground  to  a powder  in  a coffee  mill  and  extracted 
in  a Soxhlet  apparatus  with  ether  for  9 hours. 
After  distilling  off  the  ether,  the  residue  is 
saponified  with  alcoholic  potash.  The  alcohol  is 
distilled  off  and  the  cholesterol  separated  from 
the  soaps  and  glycerol  by  extraction  with  ether. 
The  tendency  of  the  ether  and  soap  solutions 
to  form  emulsions  makes  the  extraction  difficult 
and  various  methods  have  been  introduced  to 
overcome  this  difficulty.  Thus  Bitter  recom- 
mends that  the  soap  residue  be  mixed  with 
sodium  chloride  and  water,  evaporated  to  dry- 
ness and  the  resultant  mass,  after  drying  in  an 
oven  at  80°,  extracted  in  a Soxhlet  apparatus 
for  9 hours.  Kossel  and  Obermuller  (Zeit, 
physiol.  Chem.  1890,  14,  599)  recommend 
saponification  of  the  ethereal  solution  of  fat 
with  an  alcoholic  solution  of  sodium  ethylate 
at  ordinary  temperature.  After  a short  time 
a compact  mass  of  soaps  separates  which  is 
easily  filterable,  the  cholesterol  being  present 
in  the  alcohol-ether  filtrate.  By  this  method 
wool  grease,  which  is  only  saponified  with  diffi- 
culty, is  completely  decomposed  in  24  hours  at 
ordinary  temperature.  After  filtering  off  the 
soap  and  washing  the  precipitate  with  ether, 
the  filtrate  is  well  washed  with  water,  the 
ethereal  solution  dried  with  CaClg,  and  the  ether 
distilled  off,  leaving  a residue  of  cholesterol.  It 
may  also  be  separated  from  the  fatty  acids  in 
wool  grease  by  distillation  with  superheated 
steam  or  by  direct  heating  (Mayer,  Eng.  Pat. 
20639  ; J.  Soc.  Chem.  Ind.  1894,  162).  I 


Cholesterol  crystallises  from  ether  or  chloro- 
form in  silky  needles,  m.p.  148 ’4  to  150’8  (corr.). 
From  aqueous  alcohol  (90  p.c.)  it  crystallises  in 
characteristic  plates  with  one  molecule  of  water 
of  crystallisation.  Insoluble  in  water,  sparingly 
soluble  in  cold,  easily  in  boiling  alcohol  (9  parts 
alcohol,  sp.gr.  0’87),  and  in  chloroform,  ether, 
carbon  disulphide,  less  soluble  in  acetone, 
petroleum,  benzene,  and  glacial  acetic.  Soluble 
in  fats,  fatty  acids  and  in  solutions  of  bile  salts. 
Sp.gr.  1 -046 ; it  is  optically  active ; in  ether 
solution  (a)jj=— 31-12  ; in  CHCI3  (a)j^=— 36-61. 

It  sublimes  unchanged  at  200°,  but  is  de- 
composed at  higher  temperatures,  hydrogen 
being  evolved  at  300°  to  320°.  In  a vacuum  it 
can  be  distilled  unchanged. 

Constitution. — Cholesterol  is  an  unsaturated 
secondary  alcohol,  possessing  a complicated 
terpene-like  structure  which  has  not  yet  been 
completely  elucidated.  It  has,  however,  been 
possible  to  establish  in  the  molecule  the  presence 
of  (1)  a secondary  alcohol  group  in  a reduced 
ring  ; (2)  a terminal  vinyl  group ; and  (3)  an 
isoamyl  group.  Our  present  knowledge  is  best 
represented  by  the  formula 


CH2  CHa 
/CH  \cHOH 


/CH  CHo 
<tH 

^CHMe-0H==Cn2 


By  applying  various  reagents  under  different 
conditions,  a large  number  of  oxidation  products 
have  been  obtained  (Mauthner  and  Suida,  M. 
24,  489  ; Windaus,  25  papers  in  Berichte,  1903 
to  1917 ; Diels  and  Abderhalden,  Ber.  1903, 
3177;  1904,  3092;  1906,  885,  1371),  the 

formula  arrived  at  for  cholesterol  being  based 
on  these  results.  Oxidation  of  the  secondary 
alcohol  group  gives  the  corresponding  ketone, 
cholestenone,  m.p.  78° ; the  latter  compound 
has  also  been  obtained  by  direct  oxidation  of 
cholesterol  with  copper  oxide  at  300°,  more 
conveniently  by  oxidising  cholesteryl-di-bromide 
with  chromic  acid  in  acetic  solution  at  70°,  and 
subsequently  removing  bromine  by  zinc  and 
acetic  acid  (Windaus,  Ber.  1906,  518).  Cold 
chromic  acid  or  potassium  hypobromite  solution 
oxidises  the  secondary  alcohol  to  the  ketone 
group  and  at  the  same  time  the  vinyl  group  is 
oxidised  and  a new  ring  formed ; the  diketone, 
oxycholestenone  is  the  resulting  product. 

By  the  addition  of  two  hydrogen  atoms  to 
oxycholestenone,  cholestanedione,  m.p.  170°- 
171°,  is  produced.  Fuming  nitric  acid  reacts 
with  cholesterol  forming  a nitro-compound 
which  is  reduced  to  cholestanonol,  m.p.  140° 
(Windaus,  Ber.  1903,  3752,  1917,  133),  the 
latter  being  oxidised  by  chromic  acid  to  chole- 
stanedione. The  relation  of  these  substances 
to  each  other  is  shown  by  the  following  formula  : 


CH2 

CH2 


^16^28 
|CH  |CH 

>CH-Me 


CHOH  CH2 


Cholesterol. 


Cholestenone. 


CHOLESTEROL. 
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Oxycholestenone.  Cholestanedione.  Cholestanonol. 


Further  oxidation  of  these  products  has 
resulted  in  the  isolation  of  a number  of  carboxylic 
acids,  respectively  mono,  di,  tri,  and  tetrabasic, 
some  containing  the  same  as,  and  some  a smaller 
number  of  carbon  atoms  than  cholesterol  in 
their  molecules. 

The  following  compounds  have  been  recog- 
nised among  the  products  of  the  oxidation  of 
cholesterol  by  nitric  acid  : dinitroz5opropane 
and  acetic,  succinic,  methylsuccinic  and  o- 
methylglutaric  acids,  acetone,  hydroxywobu- 
tyric  acid,  methyhsohexyl  ketone,  and  octane 
all  of  which  substances  may  be  regarded  as 
derived  from  an  isooctyl  side  chain  in  cholesterol 
On  this  assumption  cholesterol  may  be  repre- 
sented by  the  formula 

CHMeCHa-CH^ 

I ^ 

CH2-CH-CH-CH-CH2-CHMe-[CH2]3-CHMe2 

CH2  -CH -CH  -CH  -CHa 

CH3-CH(0H)-CH-CH:CH 

(Windaus,Zeitsch,  physiol.  Chem.  1918,  102, 160  ; 
Chem.  Zents.  1920,  i,  82), 

The  action  of  ozone  has  been  investigated  by 
Doree  & Gardner,  Molinari  and  by  Harries. 
If  the  above  constitution  be  accepted,  only  4 
atoms  of  oxygen  should  be  taken  up  by  the 
cholesterol  molecule ; an  ozonide  containing 
7 atoms  of  oxygen  has,  however,  also  been 
isolated.  The  balance  of  chemical  evidence 
being  against  the  presence  of  two  double  bonds 
in  the  molecule,  Doree  and  Gardner  regard  the 
addition  of  the  three  extra  atoms  of  oxygen, 
which  are  only  slowly  taken  up,  as  probably  due  to 
the  opening  of  a bridged  ring  in  the  molecule. 

From  the  first  of  the  above  formulae,  only  one 
dihydro  derivative  of  cholesterol  should  be  ex- 
pected; several  have  been  described,  none  of  which 
appears  to  be  identical  with  coprosterin,  the  di- 
hydro  cholesterol  occurring  in  the  intestines.  The 
B cholestanol,  m.p.  142°,  obtained  by  reducing 
cholesterol  with  platinum  and  hydrogen  repre- 
sents probably  the  true  dihydro  derivative 
(Willstatter  & Mayer,  Ber.  1908,  2199). 

Cholesteryl  Esters. — The  cholesteryl  esters  of 
the  lower  fatty  acids  are  prepared  by  heating 
cholesterol  with  the  anhydrides  of  the  acids, 
those  of  the  higher  fatty  acids  by  boiling  chole- 
sterol with  the  acid  and  removing  the  water 
formed  (Jaeger,  Rec.  trav.  chim.  1907,  311). 
M.p.  acetate,  114°,  propionate,  98°.  These 
substances  on  melting  form  anisotropic  liquids, 
many  of  the  esters  having  3 stable  liquid  phases. 
The  benzoate  melts  at  146°  to  a turbid  liquid 
which  examined  with  the  polariscope  shows 
definite  crystal  structure  and  at  178°  passes 
to  a clear  liquid.  The  laurate  is  an  instance  of 
a compound  which  can  be  heated  several  degrees 
above  its  melting-point  without  melting. 

Detection  and  Estimation. — The  thin  rhombic 
plates  of  cholesterol  obtained  from  90  p.c. 
alcohol  are  very  characteristic.  Under  the 


microscope  they  often  show  notched  angles 
and  exhibit  a curious  overlapping  arrangement. 
A number  of  colour  reactions  have  been  de- 
scribed of  vLich  the  following  are  the  most 
useful : Salkowski’ s test.  A small  amount  of 
cholesterol  is  dissolved  in  2 c.c.  chloroform  and 
shaken  with  an  equivalent  amount  of  cone. 
H2SO4 ; the  chloroform  first  becomes  blood- 
red,  then  cherry-red,  and  finally  purple,  which 
lasts  for  several  days  ; poured  into  a basin,  it 
becomes  successively  blue,  green,  and  yellow 
owing  to  absorption  of  water.  The  H2SO4 
layer  is  strongly  fluorescent. 

Burcliardt-Liehermann  Test. — Dissolve  a little 
cholesterol  in  2 c.c.  chloroform,  add  20  drops  of 
acetic  anhydride  and  1 drop  cone.  H2SO4  : a 
violet-pink  colour  appears.  This  test  is  also 
given  by  resinic  acids. 

Estimation. — In  animal  tissues,  the  choles- 
terol may  be  estimated  in  the  residue  from  the 
ether  extract  by  converting  to  the  acetate  by 
boiling  with  acetic  anhydride.  The  acetate  is 
washed  with  water  till  free  from  acetic  acid, 
and  a weighed  amount  saponified  with  a known 
volume  of  alcoholic  potash.  The  residual 
pota-sh  is  titrated  with  standard  acid  and  the 
amount  of  potash  equivalent  to  the  cholesterol 
thus  determined.  The  iodine  value  will  also  give 
information.  The  most  satisfactory  method  is 
that  in  which  the  cholesterol  is  precipitated  and 
weighed  as  its  insoluble  compound  with  digi- 
tonin.  Ransom,  in  1901,  found  that  the  haemo- 
lytic power  of  saponin  is  prevented  by  the 
addition  of  cholesterol.  Windaus  investigated 
the  reaction  (Ber.  1909,  238)  and  found  that 
digitonin  formed  an  insoluble  compound  with 
cholesterol  in  alcoholic  solution.  A 1 p.c. 
solution  of  digitonin  in  96  p.c.  alcohol  is  added 
to  the  ether-alcohol  solution  of  fat,  and  after 
standing  for  some  hours  the  precipitate  is  col- 
lected on  a Gooch  filter,  washed  with  alcohol  and 
ether,  dried  at  100°and  weighed.  The  precipitate 
contains  25  p.c.  cholesterol.  The  filtrate  is 
concentrated  and  after  the  addition  of  water 
extracted  with  ether ; the  excess  of  digitonin 
remains  in  the  weak  alcoholic  liquid,  and  the 
cholesteryl  esters  in  the  ethereal  layer.  The 
solvent  is  distilled  off  and  the  residue  saponified 
with  hot  alcoholic  potash.  The  cholesterol  is 
then  extracted  with  ether  or  petroleum  and 
precipitated  with  digitonin  as  above  described. 
In  this  way  the  free  and  combined  cholesterol 
are  separately  estimated.  Various  modifica- 
tions of  this  method  have  been  introduced,  thus 
Prescher  recommends  that  after  saponification, 
the  soap  should  be  decomposed  with  hydro- 
chloric acid,  CHCI3  added,  and  the  CHC13 
solution  of  the  fatty  acids  separated,  filtered, 
and  treated  with  the  1 p.c.  digitonin  solution 
at  50°,  the  liquid  being  stirred  during  the.precipi- 
tation  (Zeitsch.  Nahr.  Genussm.  1917,  481).  In 
fats  where  adulteration  with  vegetable  fats 
may  have  taken  place,  it  is  important  to  dis- 
criminate between  phytosterol  and  cholesterol  ; 
for  this,  the  acetates  or  di- bromides  must  be 
prepared,  and  their  melting-points  examined. 
Marcusson  and  Schilling  recommend  the  follow- 
ing method  (Chem.  Zeit.  1913,  1001),  50  grams  fat 
are  shaken  for  15  minutes  in  a separating  funnel 
with  20  c.c.  1 p.c.  alcoholic  solution  of  digitonin. 
The  bottom  layer  of  oil  is  run  off  ; the  alcoholic 
upper  layer  containing  the  flocculent  precipitate 
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of  digitonide  is  shaken  with  50  to  100  c.c.  ether. 
The  ppt.  is  washed  with  ether,  dried,  powdered 
and  again  washed.  It  is  then  heated  Avith  1‘5 
c.c.  acetic  anhydride  in  a test  tube  for  half  an 
hour.  On  cooling  cholesterol  and  phytosterol 
acetates  crystallise  out.  The  acetates  are 
re-crystallised  and  their  m.ps.  determined. 
Cholesteryl  acetate  melts  at  114°,  phytosterol 
acetate  at  128°.  They  may  also  be  separated 
by  crystallising  their  di-bromides  from  ether  and 
glacial  acetic  (Windaus,  Chem.  Zeit.  1906,  1011). 
A mixture  of  4 grams  cholesterol  and  4 grs. 
phytosterol  was  dissolved  in  80  c.c.  ether  and 
80  c.c.  5 p.c.  bromine  in  glacial  acetic  solution 
added.  After  standing  for  1 hour  at  0°,  the  ppt. 
is  washed  with  40 c.c.  glacial  acetic  acid,  and  with 
40  c.c.  50  p.c.  acetic  acid,  the  washings  being 
added  to  the  filtrate,  and  a further  ppt.  added  to 
the  original  ppt.,  which  is  then  washed  with  water 
and  dried.  The  ppt.  contains  the  cholesterol 
bromide,  the  filtrate  the  phytosterol  compound. 
The  ppt.  is  heated  with  100  c.c.  glacial  acetic  acid 
and  5 grs.  zinc  dust  for  2 hours,  the  excess  of 
zinc  filtered  off,  and  a large  quantity  of  water 
added.  A precipitate  forms  which  is  boiled  for 
2 hours  with  100  c.c.  alcoholic  potash,  and  the 
cholesterol  then  precipitated  by  the  cautious 
addition  of  water.  The  phytosterol  is  obtained 
by  similarly  treating  the  solution  of  the  phyto- 
sterol bromide. 

Cholesterol  is  found  in  commerce  under  the 
name  of  lanolin  and  is  used  mainly  for  medicinal 
purposes,  and,  owing  to  the  ease  with  which  it 
is  absorbed  by  the  skin,  as  a substitute  for 
vaseline  or  lard  in  the  composition  of  plasters, 
ointments  and  salves.  It  has  also  been  employed 
in  the  manufacture  of  cosmetics  and  pomades, 
and  for  softening  leather.  Lanolin  is  obtained 
from  wool  oil,  which  contains  about  70  p.c.  of 
cholesterol  and  30  p.c.  fatty  acids,  by  saponifi- 
cation by  means  of  caustic  soda,  whereby  an 
emulsion  is  obtained  which  on  dilution  with 
water  gives  so-called  wool-milk.  On  treating 
in  a centrifugal  machine  impure  lanolin  separates 
out  as  a cream  and  may  be  precipitated  by 
lime.  The  purified  product  is  afterwards 
kneaded  with  30  p.c.  of  water,  in  which  state 
it  is  found  in  commerce  and  forms  the  ‘ Hydrous 
Wool  Fat  ’ of  the  B.P.  Anhydrous  lanolin 
absorbs  about  100  p.c.  of  water,  does  not  become 
rancid,  and  is  antiseptic. 

Isocholesterol  is  an  alcohol  isomeric  with 
cholesterol  which  occurs  only  in  woolgrease, 
m.p.  137-138°,  ap=4-60.  The  mixture  of 
cholesterol  and  isocholesterol  is  heated  for  30 
hours  in  a sealed  tube  with  four  times  its  weight 
of  benzoic  acid.  The  benzoates  are  insoluble 
in  boiling  rectified  spirit  and  are  separated  by 
crystallising  from  ether.  Cholesteryl  benzoate 
crystallises  in  shining  plates,  its  isomer  as  a 
light  powder,  m.p.  190°-191°.  Isocholesterol 
may  also  be  separated  from  cholesterol  by  means 
of  oxalic  acid ; cholesterol  forms  a crystalline 
compound  with  oxalic  acid,  and  the  isocholesterol 
can  be  estimated  in  the  filtrate  as  benzoate 
(Madinaveitia  & Gonzalea,  Anal.  Fis.  Quim. 
1916,  398).  Isocholesterol  gives  no  colour 

reaction  with  chloroform  and  sulphuric  acid, 
but  like  cholesterol  gives  a pale  yellow  substance 
when  heated  with  a drop  of  concentrated  HNO3 
and  a deep  yellowish  red  colour  on  the  addition 
of  ammonia  (Schiff’s  reaction).  I.  S M. 


CHOLESTROPHAN  v.  Parabantc  acid 
CHOLIC  ACID  C24H40O6.  Occurs  in  bile, 
chiefly  in  combination  with  taurin  and  glycocoll 
as  taurocholic  and  glycocholic  acids.  Free 
cholic  acid,  probably  derived  from  these  complex 
acids,  occurs  in  small  quantity  in  the  intestinal 
contents,  in  the  faeces  and  in  the  bile. 

Preparation. — Cholic  acid  and  the  closely 
related  isomeric  choleic  and  desoxycholeic  acids 
(C24H40O4)  are  prepared  from  bile  after  first 
treating  it  with  alkali  to  decompose  the  com- 
pounds with  glycocoll  and  taurin.  Five  kg.  ox 
bile  are  boiled  for  30  hours  with  1 kg.  30  p.c. 
NaOH  solution  under  a reflux  condenser,  5 
litres  of  water  added  and  the  mixture  pre- 
cipitated with  hydrochloric  acid  at  50°.  The 
precipitate  is  well  rubbed  up  with  water  to 
remove  hydrochloric  acid  and  dried  on  a water- 
bath  (Bondi  and  Muller,  Zeitsch.  physiol.  Chem. 
47,  501).  The  residue  consists  of  a mixture  of 
cholic  acid  with  choleic  and  desoxycholeic 
acids,  which  may  be  separated  in  various  ways, 
depending  on  {a)  the  sparing  solubility  of  the 
barium  salt  of  choleic  acid,  this  being  pre- 
cipitated when  barium  chloride  solution  is 
added  to  a solution  of  the  ammonium  salts  of 
the  mixed  acids  : and  (6)  the  relative  insolu- 
bility of  cholic  acid  in  alcohol.  Langheld  (Ber. 
1908,  378)  recommends  the  following  method  : 
The  crude  dried  acids  are  shaken  with  twice 
their  weight  of  alcohol  and  the  remaining  cholic 
acid  twice  recrystallised  from  absolute  alcohol. 
Excess  of  soda  is  added  to  the  mother  liquor, 
and  the  reaction  mass  warmed  on  the  water- 
bath  ; a nearly  quantitative  separation  of  sodium 
cholate  takes  place.  This  is  filtered  whilst  hot, 
washed  with  boiling  alcohol  and  recrystallised. 
The  mother  liquors  are  concentrated  in  vacuo 
and  cooled  : the  sodium  salts  of  the  fatty  acids 
present  now  separate.  The  remaining  acids 
are  regenerated  from  the  salts  and  esterified 
with  0'2  p.c.  alcoholic  HCl.  The  esters  are 
boiled  with  much  ligroin  which  dissolves  4 p.c. 
On  saponifying  the  ligroin -insoluble  esters  with 
alcoholic  potash,  a further  separation  of  cholic 
acid  as  sodium  salt  takes  place.  The  residue 
is  extracted  with  boiling  benzene  and  ether, 
and  then  recrystallised  from  ethyl  acetate. 
It  consists  of  the  two  isomeric  desoxycholeic 
acids  the  existence  of  which  has  been  described 
by  Mylius  and  by  Vahlen.  By  fractionation 
from  ethyl  acetate  these  were  obtained  as 
substances  melting  respectively  at  172°  and  187°. 
The  latter  appears  to  be  identical  with  the 
choleic  acid  obtained  by  Mylius  (Ber.  1886, 
369  and  2000  ; 1887,  683  and  1968). 

Properties. — Cholic  acid  is  a monobasic  acid 
containing  two  primary  and  one  secondary 
alcohol  groups.  It  crystallises  from  aqueous 
ether  or  from  dilute  acetic  acid  with  1 molecule 
of  water,  from  alcohol  with  one  molecule  of 
alcohol ; it  loses  both  water  and  alcohol  at  120°. 
It  is  soluble  in  acetone  and  acetic  acid,  almost 
insoluble  in  cold  water,  more  soluble  in  hot 
(1  in  75).  Its  solubility  in  cold  70  p.c.  alcohol 
is  1 in  20.  Specific  rotation  : aj)  = 37‘0  (Vahlen, 
Zeitsch  physiol.  Chem.  21,  265).  It  behaves  to 
bromine  and  potassium  permanganate  as  a 
saturated  substance,  but  forms  an  ozonide  on 
treatment  with  ozone,  suggesting  the  presence 
of  an  unsaturated  cyclic  substance  (Langheld, 
Ber.  1908,  1023 ; von  Furth  and  Ishihara, 
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Biocliem,  Zeitsoh.  43,  323).  A large  number  of 
oxidation  products  have  been  obtained  (Pregl. 
Zeitsch.  j)hysiol.  Chem.  1910, 167).  On  distilling 
under  12  mm.  pressure,  a heavy  oil  passes  over 
at  200°  to  300°,  solidifying  to  the  triply  unsatu- 
rated cholatrienecarboxylic  acid  C24H34O2,  m.p. 
163°.  This  acid  gives  the  fluorescence  with 
H2SO4  characteristic  of  cholic  acid,  but  this 
property  is  lost  on  reducing  it  with  hydrogen 
and  palladium  black  (Wieland  and  Weil,  Zeitsch. 
physiol.  Chem.  80,  287). 

Colour  Reactions. — (1)  Cholic  acid  dissolves 
in  cone.  H2SO4  with  a reddish  yellow  colour 
showing  a characteristic  green  fluorescence. 

(2)  Pettenkofer’s  Test.  An  aqueous  solution 
gives  a red  colour  with  a small  amount  of  cane 
sugar  on  addition  of  cone.  H2SO4  or  H3PO4. 

(3)  Mylius’  iodine  reaction  (Zeitsch,  physiol.  Chem. 
1887,  306).  To  O'Ol  gr.  in  1 c.c.  alcohol,  add  in 
the  cold  2 c.c.  N/10  iodine  solution  and  slowly 
dilute  with  water ; the  mixture  suddenly 
solidifies  to  a paste  of  crystals  which  appear 
intensely  blue  by  transmitted  light.  This  test 
differentiates  Cholic  from  choleic  and  desoxycho- 
leic  acids. 

Compounds  with  Glycocoll  and  Taurin. — Both 
cholic  and  choleic  acids  occur  in  combination 
with  glycocoll  and  taurin  forming  the  important 
bile-acids.  In  man  the  ratio  glycocholate : 
taurocholate  varies  from  5:1  to  10  : 1.  Taurin 
is  present  in  the  bile  of  most  mammals,  reptiles, 
birds  and  fishes.  Glycocholate  is  absent  in 
the  bile  of  the  polar  bear,  dog,  goose,  and  in 
certain  Ashes.  Cholic  acid  is  formed  in  the  liver 
and  there  combined  with  taurin  and  glycocoll. 
It  is  probable  that  it  is  derived  from  the  chole- 
sterol of  the  red  blood  corpuscles. 

The  physical  properties  of  these  acids  play 
an  exceedingly  important  part  in  the  digestive 
processes.  They  act  as  solvents  for  lipins  and 
fat  and  so  increase  the  velocity  of  resorption  of 
the  fatty  acids  in  the  intestine,  and  act  as 
activators  to  certain  enzymes. 

Glycocholic  Acid  C26H430gN  occurs  in 
quantity  in  bile,  especially  in  that  of  herbivora. 
It  is  extracted  from  fresh  bile  by  saturating  with 
ether  and  decomposing  with  from  3 to  4 p.c. 
cone.  HCl ; on  standing  a crystalline  paste  of 
glycocholic  acid  separates.  The  bile  may  also 
be  dried  on  the  water- bath  and  extractecl  with 
90  p.c.  alcohol.  After  distflluig  off  the  alcohol 
the  residue  is  taken  up  with  water,  neutralised 
with  milk  of  lime  and  Altered.  On  acidifying 
with  sulphuric  acid  the  acid  separates.  It  is 
easily  soluble  in  acetone  and  acetic  acid, 
soluble  with  difficulty  in  ether  and  insoluble  in 
chloroform  and  benzene.  According  to  Knoop, 
it  crystallises  with  1^  mol.  water  of  crystallisa- 
tion and  melts  at  138°. 

Taurocholic  Acid  O26H45NSO7.  This  is  the 
chief  constituent  of  dog’s  bile.  Alcohol  is  added 
to  dog’s  bile  and  the  filtered  liquid  concentrated 
to  dryness  on  the  water-bath.  The  residue  is 
dissolved  in  alcohol,  precipitated  with  ether  and 
dissolved  in  water.  Ferric  chloride  solution  is 
added  to  the  neutral  solution  until  further 
addition  produces  no  precipitate.  After  re- 
moving the  iron,  the  filtrate  is  evaporated  to  dry- 
ness. The  sodium  salt  is  rubbed  up  with  alcohol 
containing  2-3  p.c.  hydrochloric  acid ; after 
hltoring  off  sodium  chloride  ether  is  gradually 
added  until  crystallisation  sets  in. 


Properties. — Soluble  in  water,  alcohol,  ethyl 
acetate,  insoluble  in  ether  and  chloroform. 
The  crystals  are  obtained  anhydi-ous  on  drying 
invacuo.  It  melts  with  decomposition,  the  m.p, 
gradually  changing  from  100°  to  180°.  It  pre- 
cipitates protein  from  solution.  I.  S.  M. 

CHOLINE  AND  RELATED  SUBSTANCES. 
Ch  oline,  trimethyl-i8-hydroxyethyl-ammonium 
hydroxide,  CH2(0H)-CH2-N(CH3)30H,  is  formed 
by  the  hydrolysis  of  lecithin  and  hence  probably 
occurs  in  all  living  cells ; its  isolation  from 
animal  or  vegetable  tissues  has  been  recorded 
very  many  times,  but  has  no  special  significance, 
for  even  when  not  originally  present  in  the  free 
state,  some  is  generally  formed  from  phospha- 
tides  during  the  process  of  isolation.  Kauff- 
mann  (Zeitsch.  physiol.  Chem.  1911,  74, 175)  has 
shown,  however,  that  if  perfectly  fresh  ox  brain 
is  worked  up  rapidly,  with  precautions,  hydroly- 
sis may  be  avoided  and  then  no  choline  is  ob- 
tained. The  best  natural  source  is  crude  lecithin. 
Hard  egg-yolk  is  extracted  with  ether  and  then 
with  alcohol ; the  extracts  are  mixed  and 
evaporated  and  the  residue  is  boiled  for  one 
hour  with  50  parts  of  cold  saturated  baryta 
solution.  After  removal  of  the  baryta  and 
evaporation,  the  residue  is  extracted  with 
absolute  alcohol  and  to  the  solution  alcoholic 
mercuric  chloride  or  platinic  chloride  is  added, 
(Compare  D.  R.  P.  193449 ; Moruzzi,  Zeitsch. 
Physiol.  Chem.  1908,  55,  352  ; MacLean,  ibid. 
55,  360.)  The  mercurichloride  is  decomposed 
by  hydrogen  sulphide,  the  platinichloride  by 
the  calculated  quantity  of  potassium 
chloride ; in  either  case  the  choline  chloride  is 
extracted  by  absolute  alcohol  from  the  residue 
after  evaporation.  Most  other  natural  sources 
yield  very  little  (seeds  and  animal  viscera  some- 
thing like  0-02  p.c.).  The  isolation  of  choline 
(and  betaine)  from  vegetable  sources  has  been 
described  by  Schulze  (Zeitsch.  physiol.  Chem,  1909, 
60,  155).  The  aqueous  plant  extract  is  purified 
with  lead  acetate,  and  then,  after  removal  of 
the  lead  and  evaporation,  the  residue  is  extracted 
with  absolute  alcohol.  Choline  and  betaine  are 
precipitated  with  alcoholic  mercuric  chloride. 
After  reconversion  into  the  chlorides  and 
evaporation,  cold  absolute  ajcohol  dissolves 
choline  chloride,  and  leaves  betaine  chloride 
behind. 

Choline  is  best  prepared  synthetically. 
Gaseous  trimethylamine  is  made  to  act  (a)  on 
ethylene  oxide  (Wurtz,  Compt.  rend.  1867,  65, 
1015;  ‘ nevrine ’= choline) ; {h)  on  ethylene 

dibromide ; the  resulting  trimethylamino- 
bromethylium  bromide  is  best  converted  into 
choline  by  heating  with  water  (Kruger  and 
Bergell,  Ber,  1903,  36,  2901)  ; (c)  on  ethylene 

chlorohydrin  (Renshaw,  J.  Amer.  Chem.  Soc. 
1910,  32,  128).  Choline  is  also  obtained  {d)  by 
methylating  amino-ethyl  alcohol  {see  below  and 
Trier,  Zeitsch.  physiol.  Chem.  1912,  80,  409).  Of 
these  methods  (c)  is  the  best ; rather  more  than 
one  equivalent  of  trimethylamine  gas  is  passed 
into  ethylene  chlorohydrin  in  a tube  cooled  to 
— 12°  to  —20°,  which  is  subsequently  heated  to 
80°-90°.  The  yield  is  almost  quantitative. 

The  estimation  of  choline  (and  betaine)  has 
been  worked  out  by  Stanek  (Zeitsch.  physiol. 
Chem.  1905,  46,  280;  1906,  47,  83;  48,  334), 
and  depends  on  the  precipitation  in  sodium 
bicarbonate  solution  of  choline  periodide,  by 
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a concentrated  solution  of  iodine  in  potassium 
iodide.  The  weak  base  betaine  is  similarly  precipi- 
tated from  the  filtrate  after  acidification.  Minute 
quantities  of  choline  may  be  estimated  physio- 
logically after  conversion  into  the  acetyl  deriva- 
tive {see  beloiv  ; also  Guggenheim  and  Lbffler, 
Biochem.  Zeitsch.  1916,  74,  208 ; Euhner,  ibid. 
1916,  77,  408). 

Qualitatively  choline  is  recognised  as  the 
dichroitic  crystalline  periodide  (Florence’s  test 
for  semen ; Bocarius,  Zeitsch.  physiol.  Chem. 
1901,  34,  339  ; Rosenheim,  J.  Physiol.  1905-6, 
33,  220),  and  by  conversion  into  other  salts. 
The  mercuri-ehloride  C5Hi40NCl,6HgCl2,H20, 
crossed  hexagonal  prisms,  m.p.  249°-251°  dis- 
solves in  about  50  parts  of  water  at  room 
temperature,  but  in  alcoholic  solution  the  limit 
of  precipitation  is  given  as  1 : 2,000,000.  The 
'platinichloride  (C5Hi40N)2PtCl6  dissolves  in 
5*82  parts  of  water  at  21°  and  is  dimorphous  ; 
the  conversion  of  the  regular  isotropic  form  into 
the  anisotropic  monoclinic  one  is  the  surest  means 
of  detecting  choline  without  analysis  (Kauff- 
mann  and  Vorlander,  Ber.  1910,  43,  2735).  The 
aurichloride  dissolves  in  75  parts  of  water  at 
21°  and  in  hot  alcohol.  Neither  this  nor  the 
platinichloride  has  a characteristic  melting- 
point.  The  free  base  is  a syrup  ; many  of  the 
salts  are  deliquescent  (for  details  see  Gulewitsch, 
Zeitsch.  physiol.  Chem.  1898,  24,  513).  For 
soluble  non-deliquescent  salts,  see  Ger.  Pats.  Nos. 
290523  and  290740  (Chem.  Soc.  Abstr.  1916,  i. 
468  and  548).  The  phj^siological  action  of 
choline  is  in  general  antagonistic  to  that  of  atro- 
pine, and  not  very  intense;  intravenous  injection 
lowers  the.  blood  pressure  (e.g.  Mendel,  Underhill 
and  Renshaw,  J.  Pharm.  exp.  Therap.  1912,  3, 
649).  Esterification  of  the  alcoholic  hydroxyl 
enormously  increases  the  activity.  Acetylcholine 
is  100,000  times  as  depressent  as  choline  (Hunt 
and  Taveau,  U.S.  Hyg.  Lab.  Bull.  No.  73,  and 
physiological  estimation  above).  Acetylcholine 
occurs  in  ergot  {q.v.),  but  is  very  readily  hydro- 
lysed and  is  absent  from  most  extracts.  The 
nitrous  acid  ester,  long  regarded  as  ‘ synthetic,’ 
or  pseudo -muscarine,  is  formed  by  the  action  of 
concentrated  nitric  acid  on  choline.  The  de- 
monstration by^Ewins  (Biochem.  J.  1914,  8, 
209)  that  the  reaction  product  is  not  an  aldehyde, 
as  was  commonly  supposed,  explains  the  differ- 
ences in  physiological  action  between  it  and 
muscarine  from  Amanita  muscaria,  the  Fly 
Agaric.  This  natural  product  requires  further 
investigation,  for  it  is  apparently  not  identical 
with  betaine  aldehyde  as  was  supposed  by  its 
discoverers.  The  alkaloid  sinapin  in  black 
mustard  seeds  is  the  choline  ester  of  sinapic  acid. 
Many  other  choline  esters  and  related  deriva- 
tives have  been  prepared  by  Hunt  and  Taveau 
(Z.C.),  Menge  (J.  Biol.  Chem.  1911,  10,  399,  and 
U.S.  Hyg.  Lab.  Bull.  No.  96),  Ewins  (Biochem. 
J.  1914,  8,  366),  and  by  Fourneau  and  Page 
(Bull.  Soc.  chim.  1914  [iv.]  15,  544).  The 
latter,  in  connection  with  the  physiological  action 
of  snake  venom,  found  that  palmityl  and  stearyl 
choline  are  strongly  haemolytic. 

Other  bases  related  to  choline  are  neurine  or 
vinyltrimethyl  ammonium  hydroxide 

CH2:CH*N(CH3)30H 

formed  from  choline  by  putrefaction  and 
with  a similar  phvsiological  action  but  10- 


20  times  as  toxic.  Amino  ethylalcohol  or  hydroxy 
ethylamine  (‘  colamine  ’)  CH20H*CH2NH2  was 
obtained  by  Thudichum  in  1884  by  the  hydro- 
lysis of  the  brain  phosphatide  kephalin,  in  which 
it  entirely  replaces  choline.  It  has  been  more 
recently  recognised  in  other  phosphatides.  Trier 
(Zeitsch.  physiol.  Chem.  1913,  86,  1,  141,  153, 
407).  For  a full  account  of  choline  and  allied 
substances,  ^ee  Barger,  The  Simpler  Natural 
Bases,  Longmans,  1914.  G.  B. 

CHOLINE  ESTERS  Muscarine  and  Ergot. 

CHONDRIN.  A substance  allied  to  and 
much  resembling  gelatin.  Obtained  by  boiling 
cartilage  with  water.  When  dried  it  is  a hard, 
horny  substance  which  softens  to  a jelly  in  cold 
water,  and  is  entirely  dissolved  by  boiling  water. 
It  is  precipitated  from  its  aqueous  solution  by 
nearly  all  acids,  in  excess  of  certain  of  which 
it  redissolves  ; and  by  alum,  lead  acetate,*  copper 
and  iron  sulphates,  and  mercuric  and  mercurous 
nitrates.  These  reactions  are  said  to  distinguish 
it  from  gelatin. 

By  Morochowitz,  chondrin  is  regarded  as  a 
mixture  of  gelatin,  mucin,  and  salts  {v.  Glue). 

CHROMATOMETERS  v.  Colorimeters. 
CHROMAZONE  BLUE, -RED  v.  Azo-  colour- 
ing MATTERS. 

CHROME  BLACKS,  -DEEP  BLACK, 
-BROWNS,  -FAST  BLACK,  -FAST  CYANINE, 
-FAST  YELLOWS,  -YELLOW,  -ORANGE, 
-PATENT  GREEN,  v.  Azo-  colouring  matters 

CHROME  VIOLET.  Syn.  Mauveine,  Per- 
kin''s violet  {v.  Azines  and  colouring  matters). 
The  term  is  also  applied  to  the  sodium  or 
ammonium  salt  of  aurintricarboxylic  acid  {v. 
Triphenylmethane  colouring  matters). 

CHROMITE  or  Chrome-iron-ore.  A member 
of  the  spinel  group  of  minerals,  consisting 
essentially  of  ferrous  oxide  and  chromic  oxide 
Fe0*Cr203,  or  FeCr204,  analogous  to  the 
aluminates.  The  ferrous  oxide  is,  however, 
often  partly  replaced  by  magnesia,  and  the 
chromic  oxide  by  alumina,  so  that  there  is  a 
passage  to  chrome-spinel  or  picotite ; on  the 
other  hand,  with  a replacement  of  chromic  oxide 
by  ferric  oxide,  there  may  be  a transition  to 
magnetite  (Fe304  or  FeFe204).  All  these 
minerals  are  cubic  in  crystallisation  and  belong 
to  the  same  isomorphous  group — the  spinel 
group.  The  actual  amount  of  chromic  oxide 
varies  considerably,  as  shown  by  the  following 
analyses  ; the  ordinary  ore,  as  mined,  contains 
on  an  average  45  p.c.  CrgOg  : — 


C'l’203 

AI2O3 

^6303 

FeO 

MgO 

1.  67*9 

— 

— 

32*1 

— 

II.  44*15 

22*41 

5*78 

11*76 

15*67 

III.  59*20 

7*15 

n.d. 

25*02 

4*42 

IV.  41*23 

24*58 

2*28 

16*99 

14-77 

V.  56*54 

12*13 

— 

18*01 

14-08 

I.  Calculated  for  reCr2Cr04. 

II.  Franklin,  Macon  co.“,  North  Carolina. 

III.  Price’s  Creek,  Yancey  co..  North  Carolina  ( J.  H. 

Pratt,  Amer.  J.  Sci.  1899,  vii.  281.  Also 
SiOg  2*80,  MnO  0*69. 

IV.  Tampadel,  Lower  Silesia  (H.  Traube,  Zeits. 

Deutsch.  Geol.  Ges.  1894,  xlvi.  50). 

V.  Dun  Mountain,  New  Zealand. 

(For  analyses  of  chromite  isolated  from  meteorites, 
see  W.  Tassin,  Proc.  U.S.  Nat. Museum,  1908, 
xxxiv.  685.) 

In  general  appearance,  chrome-irdn-ore  is 
very  like  magnetite,  but  it  is  readily  distinguished 
from  this  by  the  dark- brown  colour  of  its  streak 


CHROMIUM. 


or  powder,  and  by  the  fact  that  it  is  only  slightly, 
if  at  all,  magnetic.  Sp.gr.  about  4 ’5.  Crystals 
are  of  rare  occurrence,  the  mineral  being  usually 
found  as  grains  disseminated  in  basic  rocks  of 
igneous  origin,  especially  those  rich  in  olivine 
(viz.  the  peridotites).  Sometimes  these  grains 
are  segregated  into  nodular  masses  of  con- 
siderable size  and  with  a granular  to  compact 
texture.  Rocks  of  this  kind,  when  subjected  to 
weathering  processes,  become  hydrated  and 
altered  into  serpentine,  and  for  this  reason  most 
of  the  workable  deposits  of  chrome-iron-ore  are 
in  serpentine  rocks.  With  the  denudation  and 
brealdng  down  of  these  rocks,  the  heavy  grains 
of  the  chemically  resisting  chromite  collect  in 
the  beds  of  streams  and  rivers  ; and  some  of  the 
deposits  worked  in  the  Ural  Mountains  are  of 
this  nature. 

Chromite  is  the  only  commercial  source  of 
chromium  and  its  compounds.  It  is  used  for  the 
preparation  of  the  oxides  and  chromates  em- 
ployed as  pigments,  .and  in  dyeing,  calico- 
printing  and  tanning  ; in  the  manufacture  of 
chrome-steel  and  ferrochrome,  and  for  chrome- 
bricks  and  furnace  linings.  It  is  mined  in 
European  and  Asiatic  Turkey,  Greece,  the  Ural 
Mountains,  New  Caledonia,  India,  Baluchistan, 
Rhodesia,  Quebec,  California  and  Oregon ; and 
formerly,  to  a considerable  extent,  at  Bare  Hills, 
near  Baltimore  in  Maryland,  and  in  Lancaster 
CO.  in  Pennsylvania.  Quarries  were,  at  one  time, 
worked  on  Unst,  one  of  the  Shetland  Isles 
(Special  Reports  on  the  Mineral  Resources  of 
Great  Britain,  vol.  v.  Mem.  Geol.  Survey, 
1916). 

On  the  Californian  deposits,  see  J.  S.  Hiller, 
Mineral  Resources  of  the  United  States,  U.S. 
Geol.  Survey,  for  1915,  1916  ; those  of  Canada, 
see  F.  Cirkel,  Hept.  of  Mines,  Canada,  No.  29, 
1909  ; and  those  of  Rhodesia,  A.  E.  V.  Zealley, 
Trans.  Geol.  Soc.  S.  Africa,  1914,  xvii.  60. 

L J S 

CHROMIUMo  (Fr.  Chrome;  Ger.  Chrom.) 
Symbol  Cr.  At.  wt.  52 ’0.  Chromium  occurs 
principally  as  chrome-iron-ore,  or  chromite 
Iq.v.).  Found  largely  in  Rhodesia,  New  Cale- 
donia, Russia,  Greece,  Asiatic  Turkey,  and  India. 
Chromite  deposits  are  also  worked  to  a small 
extent  in  Bosnia- Herzegovina,  Japan,  California, 
Oregon,  Transvaal,  and  Newfoundland.  The 
principal  producers  in  1913  were  New  Caledonia 
62,000  tons,  Rhodesia  63,000  tons,  Russia  21,000 ; 
these  countries  furnishing  about  90  p.c.  of  the 
world’s  total.  As  sesquioxide  CrgOg,  it  is  found 
in  small  quantities  in  chrome  ochre,  generally 
mixed  with  clay  and  associated  with  chromite, 
in  France  and  Siberia.  As  lead  chromate  it 
occurs  in  crocoisite  and  malanchroiie  PbCr04, 
and  as  a basic  lead  chromate  in  the  rare 
mineral  'phcenicite  3Pb0‘2Cr03.  It  is  usually 
present  in  the  form  of  chromite  in  meteorites,  but 
rarely  to  the  extent  of  more  than  1 p.c.  The 
greenish  colour  of  the  emerald,  verd-antique 
marble,  serpentine,  sapphire,  and  many  other 
minerals,  is  due  to  the  presence  of  chromium 
sesquioxide. 

Preparation. — Metallic  chromium  may  be 
prepared  by  several  methods.  Heville  pro- 
duced it  in  combination  with  a small  quantity 
of  carbon,  in  ingots  weighing  as  much  as  100 
grams,  by  the  ignition  of  a mixture  of 
chromium  sesquioxide  and  sugar  in  a lime 
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crucible,  at  the  highest  temperature  of  a blast 
furnace. 

Wohler  (Annalen,  111,  230)  prepared  chro- 
mium by  fusing  a mixture  of  the  violet  chromium 
sesquichloride  with  twice  its  weight  of  zinc  under 
a layer  of  equal  parts  of  potassium  and  sodium 
chlorides.  The  mixture  of  zinc  and  chromium 
so  produced  was  treated  with  dilute  nitric  acid 
to  remove  the  zinc,  and  the  chromium  remained 
as  a light-greenish  powder  consisting  of  minute 
octahedra  belonging  to  the  quadratic  system 
(Bolley),  of  sp.gr.  6 '81  according  to  Wohler,  7*3 
according  to  Bunsen. 

Chromium  may  be  prepared  by  the  electro- 
lysis of  its  salts,  but  the  purity  and  condition  of 
the  deposit  vary  greatly  with  current  strength 
and  solution  concentration.  A bright  deposit, 
capable  of  receiving  a polish,  can  be  obtained 
by  the  use  of  a hot  25  p.c.  acid  solution  of 
chromic  chloride,  with  a current  density  of 
about  40-50  amperes  per  square  foot.  As  in 
the  case  of  nickel,  the  deposits  have  a strong 
tendency  to  peel  (Cowper  Coles,  Chem.  News, 
81,  16). 

It  is  most  easily  obtained  in  small  quantities 
by  heating  equivalent  parts  of  chromic  oxide 
(or  mixture  of  the  oxide  and  anhydride)  with 
aluminium  po  vder.  When  started,  the  heat  of 
the  reaction  causes  it  to  continue  and  a fused 
mass  of  chromium  of  a high  degree  of  purity  is 
obtained  (Goldschmidt,  Annalen,  301,  19). 

In  large  quantities  it  is  best  prepared  by 
heating  the  oxide  with  carbon  in  the  electric 
furnace.  The  crude  metal  thus  obtained  always 
contains  carbides,  of  which  three  definite  com- 
pounds appearto  exist:  CrgCg,  Cr4C,and  Cr^Ca*  It 
may  be  refined  by  further  heating  in  the  electric 
furnace  on  a bed  of  lime  mixed  with  chromic 
oxide.  The  refined  metal  crystallises  in  cubes 
or  octahedra  and  still  contains  about  U5  p.c. 
carbon.  By  further  refining,  however,  with  a 
double  oxide  of  chromium  and  calcium,  the 
pure  metal  is  obtained  (Moissan,  The  Electric 
Furnace). 

Pure  chromium  is  a steel-grey  metal,  slightly 
harder  than  glass  ; the  carbides,  however,  are 
harder  than  quartz,  so  that  a metal  with  between 
1 -5  and  3 p.c.  carbon  can  only  be  cut  and  polished 
by  diamond  dust.  Its  density  is  6*92,  and  it 
oxidises  superficially  in  moist  air ; the  melting- 
point  is  probably  above  2000°  (1510°,  Johnston, 
J.  Ind.  Eng.  Chem.  1917,  9,  873).  The  pure 
finely  divided  metal  burns  rapidly  when  heated 
in  the  blowpipe  flame,  and  a pyrophoric  powder 
may  be  prepared  by  distillation  of  chromium 
amalgam  in  vacuo  (v.  infra).  It  also  unites 
with  nitrogen  when  heated  in  nitrogen  or  am- 
monia, forming  a very  stable  nitride.  Crude 
chromium  does  not  burn  until  heated  to  above 
2000°.  It  combines  with  sulphur  vapour  at 
700°,  and  when  heated  to  redness  in  hydrogen 
chloride,  forms  chromous  chloride.  Electrolytic 
chromium  occludes  250  times  its  volume  of 
hydrogen.  Aqueous  hydrochloric  acid  acts 
slowly  on  the  metal,  but  the  action  is  accelerated 
if  the  chromium  is  made  the  anode  in  electro- 
lytic hydrochloric  acid.  Heating  with  sulphuric 
acid  causes  evolution  of  sulphur  dioxide ; con- 
centrated nitric  acid  and  aqua  regia  have  no 
action.  As  in  the  case  of  iron,  active  and  passive 
varieties  of  chromium  exist ; in  general,  the  metal 
is  rendered  passive  by  oxidising  solutions,  whilst 
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hydrogen  ions  make  it  active.  In  the  electro- 
motive series,  the  active  chromium  immediately 
follows  zinc,  the  inactive  metal  is  near  platinum. 
The  cause  of  the  passive  state  is  usually  ascribed 
to  the  existence  of  a superficial  film  of  oxide,  but 
this  view  has  been  disputed. 

Chromium  carbide  boils  at  2270°  C.,  and  the 
vapour  consists  entirely  of  chromium.  Between 
2050°  and  2250°  the  fused  mass  remains  constant 
in  composition  and  corresponds  with  CrgCa. 
Below  2050°  down  to  1875°  graphite  and  the 
carbide  CrgCa  exist  side  by  side  as  solid  phases. 
CrgCg  is  also  shown  to  exist  (Zeibsch.  Elec. 
Chem.  18,  24.  157). 

Alloys.  Various  alloys  of  chromium  have 
been  prepared,  chiefly  by  means  of  the  electric 
furnace,  by  the  ‘ thermit  ’ method,  or  by  the 
mixture  of  the  molten  metals. 

Molten  zinc  dissolves  but  little  chromium  ; 
a hard  and  brittle  alloy  has  been  obtained  in  the 
form  of  hexagonal  lamellae.  Aluminium  and 
chromium  mixtures,  containing  between  5 and 
55  p.c.  chromium,  separate  into  two  liquid 
layers,  and  probably  contain  a compound, 
CrgAl.  The  alloys  with  a low  percentage  of 
chromium  are  brittle,  one  containing  13  p.c, 
chromium  can  be  powdered  in  a mortar. 

Alloys  with  antimony  are  brittle,  and  com- 
pounds represented  by  SbCr  and  SbgCr  are 
known.  Chromium  alloys  with  copper  with 
difficulty,  but  an  alloy  can  be  obtained  by 
stirring  in  copper  oxide  into  a molten  alloy  of 
aluminium  and  chromium  (Moissan).  The 
liquid  metals  are  miscible  only  to  a small 
extent. 

Cohalt  and  chromium  are  miscible  in  all  pro- 
portions, both  in  the  liquid  and  the  solid  states, 
and  yield  a mixture  of  minimum  melting-point 
1320°  with  47  p.c.  Cr.  Homogeneous  alloys, 
containing  above  30  p.c.  Cr,  when  cooled,  separate 
into  two  sets  of  crystals,  distinguishable  by 
electrolytic  etching. 

Nickel  chromium  alloys  with  less  than  90  p.c. 
nickel  are  non-magnetic. 

Silver  and  chromium,  although  partially 
miscible  in  the  liquid  state,  form  no  solid  solu- 
tion. Molten  cadmium  does  not  dissolve  any 
chromium.  Molten  mixtures  of  lead  and 
chromium,  containing  more  than  27  p.c.  lead, 
separate  into  this  mixture  and  pure  lead. 

Chromium  also  forms  silicides  and  horides  in 
the  electric  furnace ; of  the  former,  compounds 
represented  by  SiCrg,  SiCrg,  SigCrg,  and  SigCr, 
have  been  described.  They  are  very  hard — 
yiCrg  is  harder  than  corundum — and  are  not 
attacked  by  ordinary  acids,  though  attacked 
readily  by  hydrofluoric  acid  and  by  aqua  regia. 
The  horides  CrgBg  and  CrB  are  metallic  looking 
crystalline  solids,  not  attacked  even  by  a mixture 
of  aqua  regia  and  hydrofluoric  acid.  The  com- 
pound CrB  is  stated  to  be  weakly  magnetic. 
The  phosphide  CrP,  obtained  from  the  metal 
and  copper  phosphide,  forms  dull-grey  crystals, 
sp.gr.  5‘71,  which  burn  in  oxygen,  forming 
chromium  phosphate,  but  are  unattacked  by 
all  acids  except  a mixture  of  hydrofluoric  acid 
and  aqua  regia. 

By  electrolysis  of  a strongly  acid  solution  of 
chromic  chloride,  using  a platinum  anode  and 
a mercury  cathode,  an  amalgam  HggCr  is 
obtained,  soft  and  brilliant,  and  altering  but 
slightly  in  air.  By  pressure,  a harder  amalgam 


HgCr  is  obtained,  which  alters  inj  air  more 
rapidly.  By  distillation  in  vacuo,  both  lose 
mercury  and  yield  pyrophoric  chromium  {v. 
supra).  An  amalgam  may  also  be  obtained 
by  the  action  of  sodium  amalgam  on  a chro- 
mium salt. 

With  iron  the  alloys  of  chromium  are  of 
great  interest.  The  presence  of  chromium  in 
iron  or  steel  produces  a much  finer  texture, 
greater  hardness,  tenacity,  and  elasticity,  and 
greater  smoothness  of  fracture.  Chromium  can- 
not be  used  to  replace  carbon  in  steel,  as  has 
been  asserted  (Boussingault). 

When  crystalline,  the  tendency  of  these 
alloys  is  to  produce  needles  instead  of  plates, 
as  in  the  case  of  manganese.  Chromium  lowers 
the  Arg  point  eventually  causing  its  disappear- 
ance, whilst  it  raises  the  Arg  point  of  the  steel, 
the  proportion  of  chromium  required  being  less 
the  higher  the  carbon,  e.g.  with  0*2  p.c.  carbon 
5 p.c.  chromium  is  required.  Hence  chromium 
steels  are  self-hardening  (t.e.  air-hardening). 
Steels  containing  15  p.c.  chromium  have  been 
used  for  tools  and  have  to  be  cast  to  shape. 
With  0'5  p.c.  chromium  and  0’5  p.c.  carbon  the 
steel  is  used  for  well  bits  and  jars  and  has  no 
equal  in  the  hardened  state.  With  1 p.c. 
chromium  and  high  carbon  the  steel  is  used  in 
bearing  balls,  cones,  roller  bearings  and  crushing 
machinery.  These  low  chromium  steels  when 
well  annealed  can  be  machined.  Its  principal 
use  is  in  conjunction  with  other  alloy  steels, 
especially  nickel  steels,  to  which  it  imparts  greater 
toughness  and  hardness.  As  such  it  is  used 
extensively  in  automobile  parts,  and  when  used 
in  armour  plates  they  are  case-hardened  and 
quenched.  Chrome  steel  is  also  used  in  the 
manufacture  of  special  kinds  of  files.  The  alloy 
is  usually  prepared  of  the  requisite  composition 
by  the  addition  of  a definite  amount  of 
‘ ferrochrome,’  containing  from  40  to  85  p.c. 
chromium  to  the  molten  steel.  Ferrochrome  was 
formerly  prepared  from  rich  chrome-iron  ores  in 
blast  furnaces  by  the  use  of  coke  and  hot  high- 
pressure  blast,  or  in  crucibles.  In  1890  the 
manufacture  was  commenced  in  the  electric 
furnace  and  has  gradually  superseded  the  other 
methods.  In  the  reduction  of  chromium  from 
chromite  to  form  ferrochrome,  the  iron  being 
reduced,  reduction  of  chromic  oxide  begins  about 
1185°  C.  Thirty  parts  of  pure  carbon  are  theo- 
retically necessary  for  every  100  parts  of  iron 
and  chromium  reduced.  On  the  basis  of  the 
double  carbide  EegC,Crg02  being  formed  in 
reduction  of  the  chromite  the  following  reaction 
occurs  : 

9FeO,9Cr.gOg+50C 

=[2(Fe3C,3CrgC2)+3re]+36CO 

The  ferrochrome  resulting  would  contain 
theoretically  10‘4  p.c.  carbon,  31 ’4  p.c.  iron,  and 
58 '2  p.c.  chromium.  The  ore  has  to  be  finely 
ground  and  is  then  mixed  with  anthracite  coal 
in  the  proportion  of  37  parts  of  carbon  to  100 
parts  of  ore  which  forms  the  above  alloy  and 
charged  into  the  furnace.  The  power  consumption 
in  a 750  kilowatt  furnace  of  the  Alby  carbide 
type  at  Kapperaen,  Norway,  was  3’0  kw.  hours 
per  pound,  or  0'68  kw.  year  per  short  ton  for 
5 p.c.  carbon  and  65  p.c.  chromium  ferrochrome. 
The  percentage  of  carbon  in  the  ferrochrome 
cannot  be  kept  low  by  regulating  the  coal 
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charged  into  the  furnace,  but  decarburisation 
can  be  effected  with  an  oxide  slag  of  iron  or 
chromium  after  tapping  the  slag  from  the  first 
reduction,  (Amer.  Electrochem.  Soc.  1913,  176.) 

The  addition  of  chromium  decreases  the 
magnetic  properties,  but  all  alloys,  to  80  p.c, 
chromium,  are  magnetic.  The  magnetic  pro- 
perty of  chromium  is  not  increased  by  cooling 
in  solid  hydrogen  (Compt.  rend.  160,  687).  A 
carbide  of  chromium  and  tungsten  of  great 
hardness  and  of  sp.gr.  8 '41,  has  been  produced 
in  the  electric  furnace,  and  to  it  the  special 
properties  of  chrome  tungsten  steels  are  probably 
due.  These  latter  (as  well  as  chrome  molyh- 
denum  steels),  containing  up  to  3 p.c.  chromium 
and  16  p.c.  tungsten,  are  used  for  the  manu- 
facture of  machine  tools.  Cobalt  is  frequently 
added  to  both  classes  of  tool  steel. 

Detection  of  Chromium.  When  heated 
strongly,  all  compounds  of  chromium  impart  a 
green  colour  to  a borax  bead  in  both  the  reduc- 
ing and  oxidising  flames.  On  ignition  with 
potassium  nitrate,  all  chromium  compounds  pro- 
duce a yellow  colour,  due  to  the  presence  of 
potassium  chromate.  If  this  is  dissolved  in 
water,  the  addition  of  a solution  of  lead  acetate 
produces  a precipitate  of  chrome  yellow.  A 
similar  oxidation  occurs  when  chromium  com- 
pounds are  fused  with  sodium  peroxide,  or  when 
solutions  of  chromium  salts  are  boiled  with 
sodium  peroxide.  A delicate  test  for  a soluble 
chromate  is  to  add  excess  of  hydrogen  peroxide 
to  a little  of  the  solution  in  a test  tube  and  shake 
up  with  a few  c.c.  of  ether ; a blue  colouration 
indicates  chromium.  {See  under  Perchromic 
acid. ) 

Solutions  of  chromic  salts  or  salts  of  ses- 
quioxide  of  chromium  have  an  acid  reaction. 
With  caustic  alkalis  they  produce  a green  pre- 
cipitate of  hydrated  oxide  partially  soluble  in 
excess  of  the  reagent,  but  reprecipitated  on 
boiling  the  solution.  With  carbonates,  a green 
precipitate  is  produced,  likewise  soluble  in 
excess. 

Chromates  (in  which  the  chromium  exists  as 
an  acid)  are  usually  strongly  coloured.  Soluble 
chromates  are  reduced,  when  warmed  with  sul- 
phuric acid  and  a reducing  agent  such  as  alcohol, 
with  the  production  of  a green  colour.  The 
chromium  is  then  present  as  a base,  and  may 
be  precipitated,  as  already  mentioned.  When 
heated  with  hydrochloric  acid,  they  are  partially 
reduced,  with  evolution  of  chlorine  and  formation 
of  chromium  chloride  and  chloride  of  the  metal 
present  as  chromate,  together  with  the  forma- 
tion of  chromyl  chloride  Cr02Cl2. 

Solutions  of  chromates  containing  no  free 
acid  except  acetic  acid  give  a yellow  precipitate 
with  a salt  of  lead,  a red  precipitate  with  silver 
nitrate,  and  a yellow  precipitate  with  a salt  of 
barium. 

Estimation. — When  present  as  a base,  chro- 
mium is  usually  estimated  as  sesquioxide  CrgOg. 
For  this  purpose,  the  solution  is  heated  nearly  to 
boiling,  ammonia  solution  added  in  slight  excess, 
and  the  temperature  maintained  until  the  liquid 
is  perfectly  colourless,  indicating  that  the 
hydroxide,  which  is  slightly  soluble  in  excess  of 
ammonia,  is  completely  precipitated.  The  pre- 
cipitate is  well  washed  by  decantation  and  trans- 
ferred to  a filter,  washed  thoroughly  with  hot 
water,  dried,  and  ignited.  The  oxide  produced 


contains  68 ’63  p.c.  of  chromium.  The  precipita- 
tion is  not  complete  in  presence  of  organic  matter, 
and  when  a glass  vessel  is  used,  the  precipitate 
always  contains  a small  percentage  of  silica. 
Chromium,  when  present  as  a chromate,  cannot 
be  estimated  directly  by  that  method.  It  re- 
quires to  be  first  reduced  to  a base.  For  this 
purpose,  hydrochloric  acid  and  a small  quantity 
of  alcohol  are  added,  and  the  solution  heated 
until  the  odour  of  alcohol  is  dispelled.  The 
chromium  may  then  be  precipitated  as  above. 
For  the  direct  estimation  of  chromium  in  chro- 
mates, the  precipitation  with  lead  acetate  is 
most  satisfactory.  The  solution  is  mixed  with 
sodium  acetate  and  acidified  strongly  with  acetic 
acid.  A solution  of  normal  lead  acetate  is  then 
added,  and  the  precipitate  of  PbCr04  is  collected 
on  a weighed  filter,  washed,  dried  at  100°,  and 
weighed.  It  contains  16 T9  p.c.  of  chromium,  or 
31 '0^6  p.c.  of  chromic  anhydride  CrOg.  Or  the 
precipitate  may  be  dissolved  in  well-cooled  dilute 
hydrochloric  acid  (1  of  HCl  to  3H2O)  potassium 
iodide  added  and  the  liberated  iodine  titrated 
with  N/10  sodium  thiosulphate.  The  following 
scheme  may  be  adopted  for  the  estimation  of 
chromium  in  chrome  iron  ore  : A few  grams  of 
the  carefully  sampled  mineral  are  ground  in  an 
agate  mortar  and  passed  through  a fine  muslin 
sieve.  The  dust  so  produced  is  further  ground 
in  small  portions  until  all  grittiness,  on  passing 
a little  between  the  fingers,  has  disappeared  and 
the  ore  cakes  as  an  impalpable  powder  round  the 
pestle.  About  0 '5  gram  of  the  powder  is  weighed 
into  a platinum  crucible  of  about  50  c.c.  capacity, 
covered  with  twelve  times  its  weight  of  recently 
fused  hydrogen  potassium  sulphate  (potassium 
bisulphate),  and  gently  heated  to  just  fuse  the 
sulphate.  After  keeping  at  this  temperature  for 
15  or  20  minutes,  the  heat  is  gradually  increased 
until  the  crucible  bottom  becomes  red  hot.  The 
fused  mass  should  not  be  allowed  to  rise  above 
half-way  up  the  crucible.  The  mixture  soon 
fuses  quietly,  and  evolves  dense  fumes  of 
sulphuric  acid ; the  heat  is  gradually  increased 
to  bright  redness.  In  about  half  an  hour,  6 parts 
of  powdered  anhydrous  sodium  carbonate  are 
added  and  the  mixture  again  fused  for  an  hour 
at  a red  heat,  6 parts  of  nitre  being  added  in 
small  portions.  The  temperature  is  then  raised 
to  a full  red  heat  for  about  20  minutes  ; the 
crucible  cooled  and  transferred  to  a porcelain 
basin  where  the  mass  is  boiled  out  with  water. 
The  solution  is  filtered,  and  the  residue  washed 
with  hot  water  until  the  filtrate  comes  through 
colourless.  The  filter  and  its  contents  are  dried, 
the  precipitate  detached  and  placed  with  that 
still  remaining  in  the  basin,  the  filter  paper 
burned,  and  the  ash  also  added.  To  ascertain 
if  the  fusion  has  been  satisfactory,  this  residue  is 
digested  with  moderately  strong  hydrochloric 
acid,  when  the  whole  should  dissolve.  Any  in- 
soluble black  residue  indicates  either  imperfect 
grinding  or  insufficient  fusion.  It  must  be  col- 
lected on  a filter,  dried,  and  the  whole  ignited  in 
a crucible  and  treated  with  potassium  bisulphate, 
&c.,  as  in  the  first  instance.  The  aqueous  ex- 
tract, after  fusion,  is  mixed  with  the  main  solu- 
tion. To  the  liquid,  a few  grams  of  ammonium 
nitrate  are  added,  and  the  whole  evaporated  to 
dryness,  taken  up  with  water,  and  filtered  from 
the  alumina,  silica,  &c.,  into  a porcelain  basin. 
An  excess  of  sulphurous  acid  solution  is  then 
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added,  and  the  solution  heated  until  that  gas  is 
nearly  expelled.  The  chromate,  having  thus 
become  reduced  to  chromium  sulphate,  a slight 
excess  of  ammonia  is  added,  and  the  solution 
boiled  until  colourless.  The  precipitated  chro- 
mium hydroxide  is  washed  by  decantation  with 
hot  water,  transferred  to  the  filter,  and  washed 
with  hot  water  six  times.  The  use  of  the  suction 
pump  is  of  great  assistance  in  this  operation.  The 
precipitate  and  filter  are  then  dried,  transferred 
to  a weighed  platinum  crucible,  and  heated 
gently  until  the  paper  is  charred.  The  crucible 
lid  is  then  placed  at  the  edge  of  the  crucible  so 
that  the  flame  may  reverberate  into  the  crucible, 
and  the  whole  ignited  strongly  for  10  or  15 
minutes.  The  weighed  precipitate  should  show 
no  yellowish  colour  on  treatment  with  a few 
drops  of  water ; if  such  a colour  is  produced  it 
indicates  imperfect  washing  of  the  precipitate 
from  alkali  salts.  The  oxide  contains  68*63  p.c. 
of  chromium. 

The  oxidation  may  also  be  effected  by  means 
of  sodium  peroxide,  and  the  chromate  pro- 
duced, instead  of  being  reduced  to  chromic  oxide, 
may  be  estimated  as  chromic  acid  volumetrically. 
For  this,  various  methods  are  available,  e.g.  : (1) 
boiling  with  standard  arsenious  oxide  and  esti- 
mating the  excess  by  standard  iodine ; (2) 

adding  potassium  iodide  and  titrating  iodine 
liberated  by  standard  thiosulphate ; (3)  adding 
standard  ferrous  ammonium  sulphate  solution 
and  titrating  excess  with  standard  potassium 
dichromate. 

A speedy  and  accurate  method  for  the  esti- 
mation of  chromium  in  ferrochrome  or  chromite, 
is  the  following  : 1 part  of  the  ore  is  finely 

powdered,  as  described  above,  and  fused  with  a 
mixture  of  5 parts  of  sodium  peroxide  and  8 parts 
of  caustic  soda  in  a silver  crucible.  The  aqueous 
extract  is  filtered  and  again  similarly  treated ; 
three  or  four  such  fusions  are  necessary  to  dis- 
solve all  the  ore,  when  the  only  residue  is  a little 
silver  extracted  from  the  crucible.  The  filtrate 
is  acidified  with  sulphuric  acid,  boiled  for  40 
minutes  and  diluted  to  a known  volume.  An 
aliquot  part  is  then  titrated  with  potassium 
iodide  and  standard  sodium  thiosulphate. 

Chromates  may  also  be  readily  estimated  in 
acid  solution  by  hydrazine  sulphate,  whereby 
nitrogen  is  liberated,  100  c.c.  of  nitrogen  at 
N.T.P.  being  equivalent  to  0*59576  gram  Cr. 

Compounds  op  Chromium. 

Chromium  forms  a number  of  oxides  ; of 
these,  chromous  oxide  CrO,  and  chromic  oxide  or 
chromium  sesquioxide  Cr.^Og,  are  definite  basic 
oxides,  yielding  with  acids  salts  in  which  chro- 
mium is  present  as  a divalent  or  trivalent  cation, 
forming  the  chromous  and  the  chromic  salts. 
Chromic  oxide  can  also  combine  with  bases  to 
form  salts,  the  chromites,  of  the  type  MCrOa,  in 
which  the  chromium  is  present  in  the  monovalent 
anion  CrO'g-  Chromic  anhydride  CrOg  is  an  acid 
anhydride  forming,  with  bases,  salts  of  the  type 
M2Cr04,  the  chromates,  or  MaCrgOy,  the  di- 
chromates, in  which  the  chromium  exists  as  the 
divalent  anion  CrO''^  or  Cr20"7.  Other  oxides 
have  been  prepared  and  are  usually  regarded  as 
compounds  of  the  basic  and  acid  oxides,  e.g. 
Cr 2 0.j*CrO 2 =c/iromfc  chromate.  The  chromous 
salts  are  of  no  industrial  importance  at  present. 

The  salts  of  chromium  are  coloured  shades  of 


violet  or  green  ; all  solutions  of  violet  chromium 
salts  show  similar  absorption  towards  light ; 
spectrum  due  therefore  to  the  chromium  ion. 
In  solutions  of  green  complex  salts  the  absorp- 
tion band  and  limit  of  complete  absorption  are 
both  shifted  towards  the  red  end  of  the  spectrum. 

Chromous  oxide,  CrO,  is  most  con- 
veniently prepared  by  the  action  of  dilute 
nitric  acid  on  chromium  amalgam  which  dis- 
solves the  mercury  leaving  chromous  oxide  as 
a black  powder. 

Chromous  salts.  Traube  & Goodson  (Ber. 
1916,  1679)  have  prepared  chromous  salts  by 
the  electrolytic  reduction  of  the  corresponding 
chromic  salts  as  a cathode  of  pure  lead.  The 
most  favourable  conditions  for  the  reduction 
of  violet  chromic  salts  are  in  moderately  acid 
concentrated  solutions  with  a current  density 
of  2*5  amps,  per  square  decimetre.  The  more 
common  green  salts  can  be  used  in  more  con- 
centrated solutions,  but  require  a greater  density 
of  current. 

Chromous  salts  are  gradually  oxidised  in 
acid  solution  with  the  liberation  of  hydrogen, 
thus  2Cr0+H20  = Cr203  + H2.  They  are  on  this 
account  able  to  reduce  compounds  with  double 
or  triple  linkings  in  the  presence  of  water. 
Acetylene  is  thus  reduced  to  ethylene,  but  not 
to  ethane.  Nitrous  oxide  in  the  presence  of  alkali 
hydroxide  is  reduced  to  nitrogen.  Nitric  acid 
and  hydroxylamine  are  reduced  quantitatively 
to  ammonia  (Ber.  1916,  1692).  Chromous  salts 
from  stable  double  compounds  with  hydrazine 
salts  and  may  be  precipitated  from  chromous 
acetate  dissolved  in  air  free  water,  covered  with 
petroleum  ether.  Chromous  di-hydrazine  chloride 
CrCl22N2H4  is  a blue-coloured  powder  sparingly 
soluble  in  water. 

Chromic  oxide.  Chromium  sesquioxide  CrgOg. 
This  compound  is  produced  by  the  oxidation 
of  metallic  chromium  and  by  ignition  of  chromic 
hydroxide,  chromic  anhydride,  and  certain 
chomates. 

Wohler  prepared  this  oxide  in  fine,  small 
rhombohedral  crystals  by  passing  the  vapour 
of  chromyl  dichloride  through  a tube  heated  to 
redness.  The  crystals  are  isomorphous  with 
corundum  and  of  equal  hardness  ; their  sp.gr.  is 
5*21.  Crystalline  chromic  oxide  is  also  obtained 
when  a mixture  of  potassium  dichromate  and 
sodium  chloride  is  heated  to  redness  (Ditte, 
Compt.  rend.  134,  336).  The  finest  coloured 
amorphous  chromium  oxide  is  produced  by  heat- 
ing mercurous  chromate  Hg2Cr04  in  a covered 
crucible ; mercury  and  oxygen  escape,  and  the 
oxide  remains  as  a green  powder.  For  the 
preparation  of  this  substance  on  the  large  scale, 
a great  number  of  methods  are  recommended. 

Boil  a solution  of  potassium  dichromate  with 
half  its  weight  of  flowers  of  sulphur  so  long  as 
the  green  hydroxide  is  precipitated.  The  addi- 
tion of  a little  potash  solution,  by  forming 
potassium  sulphide,  accelerates  the  decomposi- 
tion. The  precipitate  is  filtered  from  the 
solution  containing  potassium  sulphate,  and 
washed.  The  sulphur  retained  in  the  precipitate 
may  be  removed  by  heating.  Instead  of 
performing  the  reaction  in  the  wet,  way,  the 
mixture  may  be  ignited  in  a crucible,  and  the 
resultant  mass  digested  with  water  (Lassaigne, 
Ann.  Chim.  Phys.  [3]  14,  299).  Wohler  (Pogg. 
Ann.  10,  46)  heats  a mixture  of  potassium 
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dichromate  with  its  own  weight  of  ammonium 
chloride  and  a small  quantity  of  sodium  car- 
bonate, and  purifies  the  residue  by  washing. 

According  to  Barian  (Rev.  Scient.  20,  425),  a 
very  pure  colour,  suitable  for  colouring  fine  por- 
celain, is  produced  by  igniting  in  a crucible  a 
mixture  of  4 parts  of  potassium  chromate  and 
1 part  of  starch.  The  mass  is  washed  free  from 
potassium  carbonate  and  re-ignited. 

Chromic  sesquioxide  is  a green  pigment  of 
great  permanence.  It  is  not  acted  upon  by 
chlorine  or  sulphur  gases  or  by  an  intense  heat. 
It  melts  at  1990°,  and  crystallises  on  cooling. 

Chromium  hydroxide  Cr4(0H)fj02,  lOHgO  or 
Cr4(OH)joO,  OHgO  (Jovitschitsch.  Heid.  Chim. 
Acta,  1920,  3,  46)  absorbs  carbon  dioxide  from  the 
atmosphere  until  saturation  limit  is  reached.  The 
compound  appears  to  be  C03[Cr(0H)5)2,8H20  or 

(Jovitschitsch).  It  can 

be  dried  at  100°  without  losing  COj,  which  is,  how- 
ever, liberated  by  acids.  (Compt.  rend.  158, 782. ) 

Hydrogen  and  carbon  monoxide  are  without 
action,  but  it  is  reduced  to  the  metallic  state  on 
heating  with  carbon  at  a temperature  of  1185° 
or  higher. 

This  oxide  is  largely  used  under  the  names 
chrome  green  (mixtures  of  chrome  ydlow  and 
Prussian  blue  are  also  frequently  called  chrome 
greens  and  must  not  be  confounded  with  the 
true  chrome  green),  and  ultramarine  green  for 
imparting  a green  colour  to  glass,  porcelain,  &c. 
It  is  used  for  producing  the  chrome  red  glaze 
in  ceramic  ware,  as  a pigment,  in  oil  and  water 
colours  and  in  printing,  and  as  a mordant  in 
calico-printing  and  dyeing.  Certain  hydrated 
oxides  are  also  used  under  various  names  ; their 
colours  are,  generally  speaking,  brighter  than 
that  of  the  anhydrous  oxide,  but  they  usually 
contain  small  quantities  of  other  substances 
besides  the  oxide  and  water. 

Onignefs  Green  ; Pennettier’s  Green  ; Emerald 
Green ; Veridian  Cr403(0H)g.  This  pigment 
appears  to  be  identical  with  that  formerly 
manufactured  in  secret  by  Pennettier.  Accord- 
ing to  Guignet’s  method,  3 parts  of  boric  acid 
and  1 part  of  potassium  dichromate  are  heated 
to  dull  redness  in  a reverberatory  furnace.  The 
mass  swells  up,  evolves  oxygen,  and  becomes  of 
a fine  green  colour ; it  contains  the  borates  of 
potassium  and  chromium,  or  a double  borate 
of  those  two  metals.  It  is  boiled  with  water, 
whereby  the  borate  of  chromium  is  decomposed 
into  boric  acid  and  hydrated  chromium  sesqui- 
oxide, potassium  borate  also  remaining  in  solu- 
tion. The  precipitate  is  well  washed,  dried,  and 
finely  ground.  It  usually  contains  boric  acid 
even  after  thorough  washing.  The  washings  and 
mother  liquors  are  evaporated  for  the  recovery 
of  the  boric  acid. 

According  to  the  Chem.  Zeit.  9,  851,  the  pro- 
cess now  used  on  the  large  scale  is  as  follows  : 
The  boric  acid  is  first  purified  by  solution  in  hot 
water,  treated  with  animal  charcoal,  and  re- 
crystallised. The  crystals  are  dried  in  a centri-  i 
fugal  machine.  The  mother  liquor  may  be 
employed  three  or  four  times  for  recrystallisation 
of  fresh  portions  of  acid,  but  becomes  then  too 
impure  for  further  use.  Eight  parts  of  potas- 
sium dichromate  and  3 parts  of  purified  boric 
acid  are  ground  into  a stiff  paste  with  water,  and 
the  mixture  in  charges  of  about  1 cwt.  is  heated 


to  dull  redness  for  about  4 hours  in  a reverbera- 
tory furnace.  The  fused  mass  is  thrown  into 
water,  and  washed  repeatedly  by  decantation ; 
the  pigment  is  ground  while  wet,  again  washed, 
filtered,  and  dried.  The  first  two  washings  con- 
tain considerable  quantities  of  potassium  borate, 
which  is  recovered  by  evaporating  in  leaden 
p'ans,  adding  hydrochloric  acid  and  allowing  the 
boric  acid  formed  to  crystallise.  The  mother 
liquor  is  further  evaporated  and  crystallised. 
The  crystals  are  redissolved,  the  lead  (from  the 
pans)  precipitated  by  hydrogen  sulphide,  and 
the  filtrate  recrystallised.  In  this  manner,  from 
70  to  75  p.c.  of  the  boric  acid  is  recovered. 

Guignet’s  green  is  the  most  permanent  green 
pigment  known ; it  is  unacted  upon  by  light  oi 
concentrated  boiling  alkalis  ; it  is  not  affected 
by  acids  in  the  cold,  but  hot  hydrochloric  acid 
slowly  dissolves  it.  When  heated  to  200°  it 
becomes  anhydrous.  It  is  a fine  green  pig- 
ment largely  used  for  the  same  purposes  as  the 
ordinary  oxide.  It  may  be  used  in  place  of  the 
dangerous  arsenical  greens.  It  possesses  good 
covering  power,  and  can  be  mixed  with  other 
pigments  without  alteration.  When  mixed  with 
lead  chromate,  it  is  employed  for  the  produc- 
tion of  a pale-green  colour  in  landscape  painting. 

Other  chrome  greens  are  obtained  by  the  use 
of  sodium  phosphate.  These  always  contain 
some  phosphoric  acid.  They  are,  however,  not 
as  brilliant  as  the  oxide  chrome  greens.  Various 
methods  of  preparation  are  employed.  Arnaudon 
dissolves  ammonium  phosphate  with  slight 
excess  of  potassium  dichromate  in  a little 
boiling  water,  evaporates  until  mass  solidifies 
on  cooling,  heats  at  80°  and  later  at  200°, 
washes  with  hot  water,  dries  and  powders. 
Another  method  consists  in  boiling  a solution 
of  10  lbs.  potassium  dichromate  with  18  lbs. 
sodium  phosphate,  adding  10  lbs.  sodium  thio- 
sulphate and  a little  hydrochloric  acid,  and 
boiling  until  precipitation  is  complete.  The 
precipitate  is  washed,  ground,  and  dried. 

According  to  Bong  (Ber.  29,  201),  a blue  pig- 
ment, retaining  its  colour  at  high  temperatures, 
suitable  for  colouring  porcelain,  &c.,  is  produced 
by  igniting  strongly,  in  the  air,  an  intimate  mix- 
ture of  5 parts  boric  acid,  15  parts  alumina, 
20  parts  magnesium  carbonate,  and  2 parts 
barium  chormate. 

Ghromyl  dichloride  Cr02Cl2.  Moissan  (Compt. 
rend.  98,  1581)  prepared  chromyl  chloride  by 
treating  dry  chromic  anhydride  with  hydrochloric 
acid  gas.  It  forms  at  the  ordinary  temperature 
but  the  action  is  accelerated  by  heating.  It 
may  also  be  made  by  distilling  potassium 
bichromate  (3  parts),  common  salt  (3  parts)  with 
sulphuric  acid  (9  parts)  in  an  atmosphere  of 
carbon-dioxide.  The  corresponding  bromide 
and  iodide  cannot  be  made  by  this  method,  but 
the  fluoride  can,  the  formula  for  the  latter  being 
Cr02E2  (Gazz.  chim.  ital.  16,  218).  Low  and 
Perkin  (Chem.  Soc.  Trans.  1907,  191)  found  that 
the  best  way  of  preparing  this  compound  is  to 
dissolve  chromic  anhydride  (50  grams)  in  strong 
hydrochloric  acid  (170  c.c.)  to  which  is  added 
100  c.c.  of  strong  sulphuric  acid,  20  c.c.  at  a 
time.  Chromyl  chloride  sinks  as  a red  liquid  and 
may  be  separated  in  a tap  funnel.  B.p.  at  760 
mm.  is  116-63°  m.p.  —96-5°,  ±0  5°.  It  is  a deep 
red  liquid  resembling  bromine,  1)4”^’  2-0528- 
2-0515,  D4°  1-9591-1-9582,1)42-^  1-9124-1-9113. 
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Its  vapour  is  not  dissociated  at  181°  C.  When 
heated  in  a closed  tube  to  180°- 190°  trichromyl 
chloride  (CrO 2)3013  is  formed.  It  is  a black 
non- crystalline  powder  deliquescing  in  air. 
Chromyl  dichloride  combines  with  phosphorus 
trichloride  in  carbon  tetrachloride  solution  to 
form  CrOCbPOGls. 

Chroraie  chloride  CrClg  or  Cr2Cl6.  The 
anhydrous  chloride  is  obtained  by  heating  a mix- 
ture of  carbon  and  chromium  sesquioxide  in  a 
current  of  chlorine.  It  can  be  also  conveniently 
prepared  by  Burion’s  method  (Compt.  rend. 
148,  170)  by  passing  the  vapour  of  sulphur 
chloride,  b.p.  137-90,  over  the  oxide  gradually 
raised  to  a red  heat.  It  forms  pale- violet  scales 
of  sp.gr.  3 03  ; it  is  almost  insoluble  in  water, 
but  dissolves  readily,  being  transformed  to  the 
green  variety  (v.  infra),  if  only  a minute  trace 
of  chromous  chloride  (1  in  20,000)  is  present. 
Chromic  chloride  may  be  prepared  in  solution  by 
dissolving  the  hydroxide  in  hydrochloric  acid. 
It  forms  two  isomorphous  hexahydrated  salts 
(CrCl3,6H20),  one  blue  and  the  other  green,  and 
also  a tetrahydrate  and  a decahydrate.  The 
blue  hexahydrate,  when  dissolved  in  water, 
appears  to  give  the  ions  [Cr(OH2)g]'"  and  3CT,  all 
the  chlorine  being  precipitated  by  silver  nitrate  ; 
the  green  salt,  however,  at  first  forms  the  ions 
[Cr(0H2)4Cl2,2H20]  and  CF,  only  | its  chlorine 
being  immediately  precipitated  (Werner  and 
Gubser,  Ber.  1901,  34,  1579).  In  calico-printing 
a neutral  solution  of  chromic  chloride,  prepared 
from  potassium  dichromate,  is  frequently  used. 
The  following  method  is  recommended  by  He 
Karrur  : Hissolve  9 lbs.  of  potassium  dichromate 
in  5 gallons  of  boiling  water.  Prepare  also  a 
solution  of  9 to  11  lbs.  of  white  arsenic  in  24 
gallons  of  boiling  water,  and  mix,  with  constant 
stirring,  with  the  solution  of  dichromate.  A 
greenish  precipitate  of  chromic  hydroxide  soon 
separates  ; it  is  cooled,  filtered,  and  washed  with 
boiling  water.  The  precipitate  is  added  in 
portions  to  a solution  of  hydrochloric  acid 
(diluted  until  it  no  longer  fumes),  with  constant 
stirring,  until  a portion  remains  undissolved.  A 
solution  of  soda  is  then  added  and  well  mixed, 
until  the  hydroxide  begins  to  precipitate.  The 
dark-green  solution,  being  thus  neutralised,  is 
evaporated  to  46°  B.  and  is  ready  for  use.  A 
basic  chloride  CrCl(OH)2  is  also  employed  as  a 
mordant  for  silk  and  cotton. 

Chromic  fluoride  CrF3,4H20.  This  product 
is  used  in  the  printing  and  dyeing  of  woollen 
goods.  It  is  a fine  crystalline  green  powder, 
very  soluble  in  water.  It  has  a corroding  action 
on  glass,  and  is  therefore  best  kept  in  lead  or 
wooden  vessels.  It  may  be  used  as  a mordant 
with  both  vegetable  and  animal  fabrics,  and  is 
often  employed  in  the  place  of  acetate  or  nitrate 
of  chromium  for  printing,  and  in  general  gives 
finer  results.  Alizarin  dyes,  coerulein,  gallein, 
&o.,  and  logwood  extracts,  are  fixed  as  perfectly 
as  with  acetate  of  chromium.  One  advantage 
in  using  it  is  that  it  is  solid.  It  has  no  injurious 
effect  on  the  pile,  and  is  often  used  in  place  of 
chromates  where  the  oxidising  action  of  these 
is  injurious,  especially  with  wools.  Chromium 
silicofluoride,  prepared  by  dissolving  the  oxide 
in  hydrofluosiiicic  acid,  has  also  been  used  in 
dyeing  and  printing  in  place  of  the  fluoride,  and 
is  stated  to  give  better  results. 

Chromium  nitrate.  By  dissolving  strongly 


heated  chromic  oxide  in  hot  concentrated  nitric 
acid  of  H.  1*4  a solution  is  obtained  from  which 
the  hydrate  Cr2(N03)6,15H20  crystallises  on 
cooling  in  the  form  of  dark  brown  prisms 
[a:&:c  = U4250  : 1:M158,  j8=93°  10'].  In 
contact  with  dry  air  the  crystals  lose  GHgO  with 
the  formation  of  the  grey  coloured  hydrate 
Cr2(N03)g,9H20  (Monatsh.  33,  9). 

Chromium  phosphate,  formed  by  mixing 
cold  solutions  of  chromic  alum  and  disodium 
hydrogen  phosphate,  is  a violet  amorphous 
solid,  which  in  contact  with  water  becomes 
crystalline  and  has  the  composition  CrP04,6H20. 
On  boiling  with  water  it  is  converted  into  the 
green  crystalline  hydrate  CrP04,4H20.  On 
further  heating  it  loses  two  molecules  and  is 
eonverted  into  the  dihydrate.  When  heated 
to  low  redness  the  phosphate  becomes  anhydrous 
and  forms  a black  powder  (Joseph  & Rae.  Chem. 
Soc.  Trans.  1917,  111,  196). 

Chromium  phosphides.  When  finely  divided 
chromium,  prepared  from  amalgam,  is  heated 
with  red  phosphorus  in  a sealed  exhausted  tube 
the  phosphide  CrgPg  is  obtained.  This  on  heat- 
ing in  hydrogen  to  440°  is  converted  to  CrP. 
Both  phosphides  are  grey  and  insoluble  in  acids. 

Chromium  arsenides.  When  finely  divided 
chromium  is  heated  with  an  excess  of  arsenic 
in  a sealed  exhausted  tube,  the  product  powdered 
and  again  heated,  the  grey  arsenide  Cr2As3,H|^ 
6 ‘2  is  obtained.  When  heated  in  hydrogen  at 
480°-500°  a second  arsenide  CrAs  is  obtained 
H]®  6 '35.  Both  compounds  are  insoluble  in 
acids.  (Zeitsch.  anorg.  Chem.  86,  291.) 

Chromium  sulphates.  These  are  prepared  by 
the  solution  of  the  hydroxide  in  sulphuric 
acid.  It  yields  a bluish-violet  solution,  which, 
on  boiling,  becomes  green.  The  experiments  of 
Recoura  have  shown  that  numbers  of  compounds 
of  different  constitution  exist  both  in  the  violet 
and  green  varieties,  but  they  are  not  of  com- 
mercial interest.  Cf.  Colson,  Compt.  rend.  1907, 
144,  79,  206;  Senechal,  ihid.  1914,  159,  243. 
The  double  sulphates  of  chromium  and  potas- 
sium, sodium  and  ammonium,  are,  however,  of 
importance.  These  are  known  as  chrome  alums  ; 
they  crystallise  in  fine  octahedral  crystals  con- 
taining 24  molecules  of  water  isomorphous  with 
those  of  ordinary  alum,  and  of  corresponding- 
composition. 

Potassium  chrome  alum,  Chrome  alum 

Cr2(S04)3-K2S04,24H20 

This  substance  may  be  prepared  by  mixing  solu- 
tions of  chromic  sulphate  and  potassium  sulphate 
in  molecular  proportions,  or  more  conveniently 
by  the  reduction  of  potassium  dichromate  in 
sulphuric  acid  solution. 

The  best  method  is  to  add  5 parts  of  strong 
sulphuric  acid  to  a solution  of  3 parts  potassium 
dichromate  in  30  parts  of  water  with  the  addition 
of  a reducing  agent,  preferably  a current  of  sul- 
phur dioxide  : 

K2Cr207+H2S04+3S02+24H20 

=K2S04-Cr2(S04)3,24H20+H20 

When  the  sulphur  dioxide  is  substituted  by 
other  reducing  agents,  such  as  alcohol,  a larger 
quantity  of  sulphuric  acid  is  required. 

Chrome  alum  is  obtained  in  large  quantities 
as  a by-product  from  the  oxidation  of  organic 
substances  by  a mixture  of  potassium 
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dichromate  and  sulphuric  acid,  as  in  the  oxidation 
of  anthracene  to  alizarin,  in  the  manufacture  of 
aniline  violet,  &c. 

Pure  crystallisable  violet  chrome  alum  is 
prepared  by  the  electrolysis  of  a solution  of 
potassium  dichromate  mixed  with  sulphuric  acid. 
The  liquor  is  circulated  in  the  cathode  compart- 
ment which  is  separated  from  the  anode  by  a 
porous  vessel.  The  cathode  is  preferably  of 
carbon.  Dilute  sulphuric  acid  is  circulated  in 
the  anode  compartment  and  the  anode  may  be 
copper  with  copper  turnings  to  utilise  the  SO3 
ions.  (Inter.  Cong.  1912.) 

It  crystallises  in  fine  dark-purple  octahedra, 
especially  in  presence  of  excess  of  acid,  is  soluble 
in  7 parts  of  cold  water,  forming  a reddish-blue 
solution,  wliich,  when  heated  to  about  70°,  be- 
comes green.  It  returns  to  its  original  colour 
after  standing  some  weeks. 

When  heated  to  25°-30°,  the  crystals  lose 
half  their  water  and  become  lilac -coloured ; 
at  100°  a further  quantity  of  water  escapes  and 
the  crystals  turn  green ; at  350°  they  become 
anhydrous,  but  are  still  soluble  in  water ; at  a 
temperature  slightly  above  350°  they  become 
greenish-yellow,  insoluble  in  water  (Lowe),  and 
only  slowly  soluble  in  acids.  The  green  salt 
only  contains  ^ of  the  SO 4 as  an  acid  ion, 
and  is  probably  a sulphate  of  a sulphochromyl 
hydroxide.  For  these  compounds,  reference 
should  be  made  to  the  extensive  researches  of 
Recoura  (Ann.  Chim.  Phys.  [7],  4,  494). 

Chrome  alum  is  used  in  dyeing,  calico  print- 
ing, and  tanning. 

Sodium  chromealumNa2S04*Cr2(S04)3,24H20 
corresponds  to  the  potassium  salt,  but  is  more 
soluble  in  water. 

Ammonium  chrome  alum 

(NH4)2S04-Cr2(S04)3,24H20 

is  prepared  like  the  preceding  alums.  It  is  less 
soluble  in  water  than  potassium  chrome  alum. 
It  melts  at  100°. 

Chromium  chlorate  Cr2(C103)3  is  used  to 
some  extent  in  calico  printing  (Despierres  and 
others,  Dingl.  poly.  J.  228,  260-263),  and  for 
increasing  the  permanence  of  aniline  black.  It 
may  be  prepared  by  the  addition  of  a solution  of 
potassium  chlorate  to  chrome  alum  or  by  the 
addition  of  barium  chlorate  to  a solution  of 
chromium  sulphate,  the  barium  sulphate  being 
precipitated.  According  to  Lauber  and  Weinreb 
(Dingl.  poly.  J.  257,  290),  it  is  best  prepared  by 
the  following  process  : Dissolve  60  parts  of 
chrome  alum  in  80  parts  (by  weight)  of  hot 
water ; add  20  parts  of  soda  dissolved  in  60 
parts  of  water,  and  wash  the  precipitated  hy- 
droxide. Redissolve  the  precipitate  in  10  parts 
of  cold  sulphuric  acid  of  66°B.,  filter  if  necessary 
and  add  22  parts  of  potassium  chlorate  dissolved 
in  50  parts  of  water.  The  solution  is  evapo- 
rated slightly  and  the  potassium  sulphate  crystal- 
lised out ; the  more  soluble  chromium  chlorate 
remains  in  solution.  When  heated  at  100°  it 
gives  off  quantities  of  chlorine  and  forms  a 
yellow-red  liquid  containing  chromic  acid  and 
other  compounds. 

Chromium  perchlorate  is  obtained  by  dis- 
solving the  hydroxide  in  perchloric  acid  and 
evaporating  the  solution.  It  forms  short  green 
deliquescent  needles  and  is  very  soluble  in 
alcohol  (Bull.  Soc.  chim.  1913,  103).  Two 


perchlorates  are  known  [Cr(H20)6l(C104)3  and 
[Cr(H20)6](C104)3,3H20.  Both  salts  are  green. 
No  sodium-chromi-perchlorate  exists. 

Chromic  anhydride,  Chromic  acid  Cr03. 
This  important  oxide  is  best  prepared  by  the  de- 
composition of  a chromate  by  sulphuric  acid. 

A cold  saturated  solution  of  potassium  chromate 
is  added  to  from  1 to  I^  parts  of  concentrated 
sulphuric  acid,  with  constant  stirring.  On  cool- 
ing, if  the  acid  used  be  strong  enough,  crimson 
crystals  of  chromic  anhydride  separate  ; if  neces- 
sary, the  solution  is  evaporated  until  the  crystals 
are  formed  on  cooling.  The  liquid  is  poured  off 
and  the  crystals  drained  on  porous  tiles  or 
pressed  between  porous  plates.  They  may  be 
recrystallised  by  dissolving  in  water  and  evajDO- 
rating  to  a syrup.  The  excess  of  sulphuric  acid 
may  be  removed  by  the  cautious  addition  of 
barium  chromate  to  the  solution  of  the  crystals, 
or  the  crystals  may  be  gently  fused,  when  the 
heavier  oxide  sinks  to  the  bottom  of  the  vessel 
and  the  sulphuric  acid  above  slowly  evaporates. 
The  mother  liquors  from  the  chromic  anhydride 
are  used  for  a fresh  preparation  until  the  per- 
centage of  potassium  sulphate  becomes  excessive; 
they  are  then  precipitated  by  the  addition  of  lead 
acetate  with  the  production  of  a light-coloured 
‘ chrome  yellow  ’ containing  much  lead  sulphate. 

According  to  Zettnow  (Pogg.  Ann.  143,  468), 
the  largest  yield  is  obtained  as  follows  : 300 
grams  of  potassium  dichromate  are  dissolved  in 
500  c.c.  of  water,  and  400  c.c.  of  strong  sulphuric 
acid  are  added.  The  mixture  is  allowed  to  stand 
for  10  or  12  hours,  the  solution  decanted  from 
the  deposited  crystals  of  potassium  sulphate,  and 
heated  to  80°  or  90°  ; 150  c.c.  of  sulphuric  acid 
are  then  added,  followed  by  sufficient  water  to 
redissolve  the  chromic  anhydride  at  first  de- 
posited, and  the  solution  evaporated  until  the 
oxide  commences  to  crystallise.  The  mixture 
is  allowed  to  stand  for  12  hours,  decanted  from 
the  crystals,  and  evaporated  with  the  production 
of  a second  and  third  crop  of  crystals.  The 
crystals  are  drained,  introduced  into  a crucible, 
mixed  thoroughly  with  50  c.c.  of  nitric  acid  of 
not  less  than  D46  sp.gr.  (weaker  acid  would  dis- 
solve the  crystals)  and  drained  for  some  hours 
on  a tile.  The  operation  is  repeated  if  necessary 
with  25  c.c.  of  nitric  acid.  The  whole  of  the 
sulphuric  acid  and  sulphate  having  been  thus 
removed,  the  crystals  are  heated  on  a sand-bath 
and  the  nitric  acid  evaporated,  or  they  may  be 
heated  to  80°  in  a current  of  air.  In  this  manner, 
Zettnow  obtained  from  85  to  90  p.c.  of  the 
theoretical  yield  of  pure  dry  chromic  anhydride. 

DuvUliers  (Compt.  rend.  75,  711)  prepares 
this  oxide  by  dissolving  100  parts  of  barium 
chromate  in  100  parts  of  water  and  140  parts  of 
nitric  acid  of  sp.gr.  D38  (40°B.)  and  heating  the 
solution  until  it  becomes  red.  200  parts  of  water 
are  then  added,  and  the  whole  boiled  for  10 
minutes ; cooled,  and  the  barium  nitrate  allowed 
to  crystallise  out.  The  solution  is  decanted, 
evaporated  to  the  bulk  occupied  by  the  original 
amount  of  acid  used,  and  a further  crop  of 
crystals  of  barium  nitrate  removed.  The  solu- 
tion, which  contains  only  about  1 part  of  barium 
nitrate  for  200  parts  of  the  anhydride,  is  evapo- 
rated nearly  to  dryness,  a little  water  added,  and 
the  evaporation  repeated  until  all  the  nitric  acid 
is  driven  off.  The  anhydride  is  then  crystallised 
out  and  dried  as  usual. 
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Barium  chromate  is  digested  for  some  time 
with  about  half  the  amount  of  dilute  sulphuric 
acid  required  for  complete  precipitation,  with  the 
production  of  chromic  anhydride  and  barium 
dichromate  and  precipitation  of  barium  sul- 
phate. Sufficient  sulphuric  acid  is  then  added 
to  just  precipitate  the  barium,  and  the  solution, 
which  only  contains  chromic  anhydride,  is 
decanted  from  the  precipitate  and  the  solution 
evaporated  (Meissner).  According  to  C.  Watts, 
the  barium  chromate  is  best  treated  with  excess 
of  strong  nitric  acid,  the  precipitated  chromic 
oxide  filtered  through  asbestos,  and  the  nitric 
acid  driven  off  by  heat. 

Chromic  anhydride  is  a powerfully  acid  sub- 
stance crystallising  in  scarlet  rhombic  prismatic 
needles  of  sp.gr.  2 '788  (Zettnow).  They  melt  at 
193"^  without  decomposition,  and  the  melted 
mass  exhibits  supercooling  ; at  higher  tempera- 
tures oxygen  is  evolved  together  with  red  vapours, 
probably  CrOg. 

When  heated  to  250°  they  decompose  into 
chromium  chromate  Cr03‘Cr203(=3Cr02,  also 
known  as  chromium  dioxide)  with  evolution 
of  oxygen  Above  that  temperature,  the 
whole  is  converted  into  chromium  sesquioxide. 
The  perfectly  dry  anhydride,  when  heated  to 
120°  in  vacuo,  slowly  volatilises  and  condenses 
in  red  needles  (Arctowski).  By  the  action  of 
light  on  a solution  of  this  oxide,  oxygen  is 
evolved  and  chromium  chromate  precipitated 
as  a brown  powder. 

Chromic  anhydride  is  very  soluble  in  water. 
100  parts  of  water,  at  26°,  dissolve  62  parts 
of  the  oxide.  The  aqueous  solution  contains 
Cr20  7"  ions,  with  a small  proportion  of  Cr04"  ions. 
These  ions  are  capable  of  transformation  by  the 
action  of  acids  or  alkalis,  as  indicated  by  the 
equations  : 

(1)  Cr2O';+2H0'^Cr0"+H2O 

(2)  2Cr0''+2H:5tCr20','+H20 

Datta  & Hhar  (J.  Amer.  Chem.  Soc.  1916, 
38,  1303),  from  a study  of  the  molecular  solution 
volumes  and  molecular  refractivities  of  chromic 
acid,  potassium  chromate  and  potassium  dichro- 
mate, conclude  that  the  formula  of  chromic  acid 
is  H2Cr207  and  not  H2Cr04. 

It  dissolves  in  acetic  acid  or  ether  without  de- 
composition ; is  almost  insoluble  in  sulphuric  acid 
of  1*77  sp.gr.,  but  dissolves  in  stronger  or  weaker 
acid  ; is  insoluble  in  nitric  acid  of  sp.gr.  1 *46. 

Chromic  anhydride  is  a powerful  oxidising 
agent.  Warm  anhydrous  alcohol  inflames  when 
dropped  upon  it,  and  even  dry  ammonia  gas  is 
oxidised  with  production  of  water  and  nitrogen. 
Addition  of  oxalic  acid  is  said  to  increase  its 
oxidising  power.  The  solution  in  water,  sul- 
phuric acid,  or  acetic  acid,  is  largely  used  as  an 
oxidising  agent  in  organic  work.  In  most  of 
these  oxidations,  precautions  must  be  taken  to 
moderate  the  velocity  of  the  reaction.  When 
acetic  acid  is  used  as  the  solvent,  the  substance 
to  be  oxidised  is  usually  dissolved  in  the  same 
solvent  and  the  oxidising  solution  slowly  added, 
the  temperature  being  kept  sufficiently  low,  i.e. 
seldom  above  100°.  Chromic  acid,  as  an  oxidising 
agent,  has  the  advantage  that  the  close  of  the 
reaction  is  frequently  indicated  by  a pure  green 
colour  in  place  of  the  brownish  colour. 

It  has  the  property  of  producing  a per- 
manent yellow  colour  with  silk  or  wool,  but  not 


with  cotton.  The  chromium  in  such  material  may 
be  converted  into  lead  chromate  upon  the  fibre 
or  further  dyed  by  logwood,  &c.  Chromic  anhy- 
dride usually  contains  sulphuric  acid  and  sulphates 
or  nitrates  ; Moissan  found  24  p.c.  of  sulphuric 
acid  in  samples  of  the  commercial  article. 

Chromates.  All  chromates  are  prepared, 
directly  or  indirectly,  by  the  action  of  oxidising 
agents  upon  chrome  iron  ore  or  chromite  FeO* 
CrgOg.  This  important  mineral  is  widely 
distributed  and  extensively  mined.  Large 
deposits  are  found  in  New  Caledonia,  containing 
sometimes  5 p.c.  of  chromium  sesquioxide  in  a 
form  soluble  in  acid,  probably  as  chrome  ochre. 

Chromite  belongs  to  the  spinel  group  of 
minerals.  It  is  isomorphous  with  magnetic  iron 
ore  FeO-FegOg,  and  may  be  considered  as  that 
substance  in  which  the  sesquioxide  of  iron  is 
replaced  by  sesquioxide  of  chromium.  A portion 
of  the  chromium  is  usually  replaced  by  alumin- 
ium, and  some  of  the  iron  by  magnesium,  though 
this  is  sometimes  absent.  The  composition  of 
chromite  varies  extremely ; an  ore,  containing 
50  p.c.  of  the  sesquioxide,  is  of  very  good  quality. 
Of  seven  samples  from  varying  localities  analysed 
by  Clouet,  the  chromium  sesquioxide  present 
averaged  44  p.c.  For  analyses  v.  Chromite. 

Chromite  is  black  or  brownish-black,  and 
infusible  before  the  blowpipe.  It  will  scratch 
glass,  but  is  itself  scratched  by  a good  steel  knife. 

A scheme  for  the  analysis  of  chromite  has 
been  given  under  the  estimation  of  chromium. 

The  chief  use  of  chromite  is  as  a refractory 
lining  in  steel  or  copper  furnaces.  Smaller 
amounts  are  employed  in  the  manufacture  of 
chrome-steel  alloys  and  of  chromium  compounds. 

Potassium  chromates.  Both  the  normal  and 
acid  chromates  are  of  importance  in  the  arts. 
The  acid  or  dichromate,  containing  the  larger 
proportions  of  the  active  constituent  CrOg,  is 
generally  prepared  on  the  large  scale. 

A great  number  of  processes  have  been 
adopted  for  the  treatment  of  chromite  for  this 
purpose ; they  all  depend  upon  the  oxidation  of  the 
chromium  sesquioxide  into  chromic  anhydride. 

The  ore  is  heated  to  redness  and  plunged 
into  cold  water  to  facilitate  the  powdering, 
Stamped,  ground  in  a mill,  and  finely  sifted. 

In  former  times,  the  ore  was  mixed  with 
about  two-fifths  of  its  weight  of  potassium 
nitrate  and  ignited  on  the  bed  of  a reverberatory 
furnace,  the  oxygen  required  for  the  oxidation 
of  the  sesquioxide  into  the  anhydride  and  the 
potassium  for  its  conversion  into  potassium 
chromate,  being  both  provided  by  the  nitrate. 
A great  saving  was  introduced  by  the  substitu- 
tion of  atmospheric  oxygen  as  the  oxidising  agent 
in  place  of  the  nitre,  the  potassium  being  supplied 
by  potassium  carbonate  or,  as  proposed  by  Watt, 
by  potassium  sulphate.  The  latter  salt  is  largely 
used  where,  as  in  Russia,  the  demand  for  potas- 
sium sulphate  is  small,  and  hence  this  salt,  pro- 
duced during  the  later  conversion  of  the  chromate 
to  dichromate,  is  used  to  replace  some  of  the 
potassium  carbonate.  The  mass,  however,  was 
very  liable  to  fuse  and  the  heavy  particles  of 
chromite  to  sink  through  the  liquid  and  escape 
the  action  of  the  blast.  This  difficulty  was 
overcome  by  Stromeyer,  who  introduced  lime 
into  the  mixture,  thus  rendering  the  mass  porous 
and  non-fusible  and  much  increasing  the  rapidity 
and  completeness  of  the  action. 
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Tilghmann  (Patent  1847)  makes  use  of  fel- 
spar as  the  source  of  alkali.  For  this  purpose, 

1 part  of  chrome  ore  is  mixed  with  4 parts  of 
felspar  and  4 parts  of  lime  or  7 parts  of  chalk. 
The  mixture  is  heated  to  bright  redness,  but  not 
to  fusion,  in  a reverberatory  furnace  for  about 
20  hours,  with  constant  stirring.  The  chromate 
thus  produced  is  removed  as  described  later. 

The  ore  may  also  be  mixed  with  potassium 
chloride,  and  heated  to  whiteness  with  frequent 
stirring  while  a current  of  superheated  steam  is 
passed  over  the  mass  ; the  iron  is  stated  to  pass 
away  almost  entirely  as  chloride  (Swindells, 
Chem.  Gazz.  1851,  419). 

Jacquelain  (Ann.  Chim.  Phys.  [3]  21,  478) 
prefers  to  produce  calcium  chromate  in  the 
furnace  and  to  convert  it  subsequently  into  the 
required  chromate  by  double  decomposition. 
He  thus  avoids  the  loss  of  alkali  always  ex- 
perienced in  the  ordinary  process.  The  ore  is 
finely  powdered,  preferably  levigated  and  dried 
before  use,  mixed  ultimately  with  chalk  in  the 
required  proportions,  and  heated  to  bright  red- 
ness on  the  bed  of  a reverberatory  furnace  for 
9 or  10  hours,  with  occasional  stirring  (at  least 
once  an  hour).  The  product  is  ground  in  a mill, 
suspended  in  hot  water,  and  treated  with  sul- 
phuric acid  until  slightly  acid ; calcium  di- 
chromate is  thus  produced.  A little  chalk  is 
stirred  into  the  solution  to  precipitate  the  iron 
as  oxide,  and  a solution  of  potassium  carbonate 
or  other  salt,  according  to  the  chromate  re- 
quired, is  added.  The  calcium  is  thus  precipi- 
tated as  carbonate  and  the  dichromate  required 
remains  in  solution.  The  solution  may  also  be 
used  directly  for  the  production  of  chrome 
yellow,  &c. 

According  to  Booth’s  method  (Pat.  1852, 
Dingl.  poly,  J.  131,  137),  the  ore  is  mixed  with 
one-fifth  of  its  weight  of  charcoal  or  coal  and 
ignited  in  a reverberatory  furnace  like  that  used 
for  puddling  iron,  out  of  contact  with  the  air. 
The  product  is  thrown  into  vats,  and  the  reduced 
iron  dissolved  out  by  dilute  sulphuric  acid,  the 
residue  being  treated  in  the  usual  manner  for 
the  production  of  chromates.  The  weight  of  oil 
of  vitriol  used,  amounts  to  about  two-thirds  that 
of  the  ore.  It  is  stated  that  the  value  of  the 
ferrous  sulphate  obtained  repays  the  extra  labour 
involved. 

Atcherley  (Hoffman’s  Ber.  u.  Entw.  Chem. 
Ind.  [1]  725)  gives  a description  of  the  manu- 
facture of  potassium  dichromate  as  usually 
practised  on  the  large  scale,  of  which  the  follow- 
ing is  an  abstract : — 

The  ore  is  stamped,  ground  in  a mUl,  and 
passed  through  a sieve  of  80  meshes  to  the 
inch. 

Potash  lye  is  prepared  by  soaking  7 cwts.  of 
burned  limestone  (containing  but  Httle  silica  and 
magnesia)  in  a solution  of  2J  p.c.  of  potassium 
carbonate  free  from  chloride  (which  would  hinder 
the  crystallisation  of  the  product),  dried,  ignited, 
and  powdered. 

It  is  thert  mixed  with  4|-  cwts.  of  the  ore,  and 
spread  in  a layer  2 inches  deep  upon  the  pre- 
viously heated  bed  of  a reverberatory  furnace, 
at  the  end  nearest  the  fire.  The  furnace  is 
about  9 feet  long  and  6 feet  broad.  The  heat 
is  maintained  at  bright  redness,  and  the  mixture 
turned  over  every  15  minutes  ; in  about  2 hours 
it  is  gradually  pushed  towards  the  farther  end 
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of  the  furnace,  and  its  place  supplied  by  a fresh 
charge.  The  operation  is  completed  in  about 
4 hours,  when  the  mass  is  greenish-yellow  and 
contains  chromates  of  potassium  and  calcium, 
lime,  potassium  silicate,  and  ferric  oxide.  It  is 
broken  into  coarse  powder  and  lixiviated  in 
wooden  pans,  placed  steplike  one  above  another, 
with  a hot  solution  of  potassium  sulphate,  which 
converts  the  calcium  chromate  into  potassium 
chromate  with  precipitation  of  calcium  sulphate. 
The  liquid  is  allowed  to  run  from  one  vat  to 
another,  until  at  last  a saturated  solution  of 
potassium  chromate  is  produced.  This  is  run 
into  a depositing  vat  lined  with  lead  and  treated 
with  sufiicient  sulphuric  acid  and  water  to  con- 
vert the  normal  salt  into  the  dichromate,  and 
the  solution  cooled. 

As  the  solution  of  normal  chromate  was 
saturated  and  contained  about  1 part  of  salt  in 
2 parts  of  solution,  the  dichromate  solution 
formed  is  supersaturated,  that  salt  requiring 
nearly  five  times  as  much  water  for  solution  as 
the  normal  chromate  ; about  three-quarters  of 
the  total  amount  in  solution  is  thus  aeposited  on 
cooling.  The  crystals  are  redissolved  in  sufficient 
water  to  form  a solution  of  ld20  sp.gr.  and 
in  deep  iron  pans  at  a temperature 

The  production  of  chromates  is  said  to  be 
rendered  easier  by  the  addition  of  oxygen- 
carriers,  such  as  manganates  or  oxides  of  copper 
or  iron  (D.  R.  P.  163814),  A method  de- 
pendent on  this,  in  which  ferric  oxide  obtained 
by  heating  pyrites  is  used,  is  the  following  : 
240  parts  chrome  iron  ore  of  50  p.c.,  170  parts 
sodium  carbonate,  and  150  parts  ferric  oxide, 
with,  if  desired,  50  to  80  parts  lime,  are  intimately 
mixed,  roasted,  and  lixiviated.  The  residue 
contains  all  the  original  ferric  oxide  and  may  be 
used  over  again.  The  solution  is  concentrated 
and  treated  as  usual.  The  action  of  the  ferric 
oxide  is  regarded  as  due  to  the  production  of  an 
alkaline  ferrite  which  becomes  converted  to  the 
chromate  and  ferric  oxide  (J.  Soc.  Chem.  Ind. 
1895,  865). 

Chromates  are  also  produced  by  mixing 
finely  divided  chrome  iron  ore  with  alkaline 
carbonates  and  roasting  in  an  oxidising  atmo- 
sphere in  a revolving  furnace  at  a temperature 
sufficient  to  keep  the  mass  fluid  ( National  Electro- 
lytic Co.  New  York  ; J.  Soc.  Chem.  Ind,  1908). 

Potassium  chromate  K2Cr04  is  prepared,  as 
already  described,  from  chrome  ore.  It  may  be 
produced  by  adding  potassium  hydroxide  to 
a solution  of  the  dichromate.  It  crystallises 
in  anhydrous  yellow  rhombic  prisms  isomor- 
phous  with  those  of  potassium  sulphate,  sp.gr, 
2 ’71  (Kopp).  100  parts  of  water  dissolve  of 
potassium  chromate 

at  O'^  30°  60°  105-8° 

54-57  65-13  74-6  88-8  parts, 

105-8°  being  the  boiling-point  of  the  saturated 
solution.  The  solution  has  a fine  yellow  colour 
of  great  tinctorial  power  ; a distinct  yellow  tinge 
is  imparted  by  1 part  in  400,000  parts  of  water. 
It  is  insoluble  in  alcohol  and  ether,  and  is  very 
poisonous,  producing  a condition  resembling 
diabetes  when  administered  by  mouth  or  sub- 
cutaneously. It  also  produces  slow-healing 
sores,  especially  among  workers  in  chromate 
factories.  For  these,  a sodium  bisulphite  wash 
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is  efficacious.  Such  workers  should  pay  atten- 
tion to  constant  washing  of  face,  nose,  and  hands, 
and  packers  are  advised  to  wear  respirators. 

When  heated,  it  reddens  and  fuses  without 
decomposition  ; heated  with  reducing  agents, 
such  as  sulphur,  it  is  reduced  to  chromium 
sesquioxide.  The  addition  of  an  acid,  even 
carbonic  acid,  determines  the  decomposition 
into  potassium  dichromate,  as  is  indicated  in 
the  previous  equations,  and  it  is  evident  further 
that,  even  when  excess  of  acid  is  present,  the 
solution  still  contains  CrO^'ions.  The  equations 
also  indicate  that  a solution  of  potassium  chro- 
mate possesses  an  alkaline  reaction 

2Cr0;'+H20§Cr20;'+2H0' 

Owing  to  the  much  smaller  solubility  of  the 
dichromate  (4 '64  parts  at  0°),  when  the  chromate 
is  crystallised  some  dichromate  also  separates. 

It  forms  double  salts  with  the  chromates  of 
the  alkaline  earths  and  lead. 

Potassium  chromate  is  not  largely  used,  the 
dichromate,  on  account  of  its  greater  richness 
in  chromic  acid,  being  generally  preferred.  The 
general  uses  and  oxidising  properties,  however, 
described  under  potassium  dichromate,  also 
apply  to  the  normal  chromate. 

Potassium  dichromate,  generally  known  as 
‘ Bichromate,’  or  ‘ Bichrome,’  K2Cr207.  This 
important  salt  is  prepared  in  large  quantities 
by  the  methods  already  described.  It  may  be 
made  electrolytically  by  the  use  of  a solution  of 
potassium  hydroxide,  a cathode  of  porous  copper 
oxide,  and  an  anode  of  ferrochrome  (50  p.c.), 
which  has  an  E.M.F.  of  2 volts  : ferric  oxide  is 
also  formed  and  precipitated  (Lorenz,  Zeitsch. 
anorg.  Chem.  1896,  12,  396).  Considerably  over 
10,000  tons  are  annually  produced  in  Great 
Britain. 

It  crystallises  in  anhydrous,  fine,  red,  square 
tables,  derived  from  triclinic  prisms,  of  sp.gr. 
2 '692,  and  of  intensely  metallic,  bitter  taste. 
They  melt  at  about  400°  (Tilden  and  Shen- 
stone),  and  resolidify  on  cooling  without  change. 
At  bright  redness,  decomposition  ensues,  and 
the  normal  chromate  and  chromic  sesquioxide 
result.  Other  chromates  of  composition, 
K2Cr30io  and  K2Cr40i3,  appear  to  exist  in 
equilibrium  with  the  solution  with  certain  limits 
of  concentration. 

100  parts  of  water  dissolve  at  0°,  4*64  parts  ; 
at  30°,  18 '13  parts  ; at  60°,  45*44  parts  ; and  at 
104 '8°,  108 '2  parts  ; 104 '8°  being  the  boiling- 
point  of  the  saturated  solution  (Koppel  and 
Blumenthal,  l.c.). 

Potassium  dichromate  is  used  in  the  prepara- 
tion of  all  chrome  pigments  ; of  ‘ discharge  ’ for 
Turkey  red,  &c.  ; for  the  production  of  a large 
variety  of  colours  in  calico  printing  and  dyeing  ; 
in  the  manufacture  of  safety  matehes,  &c.  In 
solution  with  sulphuric  acid,  it  is  used  as  a 
bleaching  agent  for  tallow,  palm  oil,  &c.  ; in 
the  oxidation  of  anthracene  to  alizarin,  and  in 
the  manufacture  of  aniline  violet  and  in  many 
other  organic  oxidations.  It  is  also  used  for 
tanning  leather  (v.  Leather). 

When  mixed  with  organic  substances  it  is 
reduced  on  exposure  to  light ; gelatine  under 
such  circumstances  is  rendered  insoluble. 
This  reaction  is  taken  advantage  of  in  the 
‘ Carbon  ’ process  of  photography.  The  gela- 
tine is  mixed  with  a pigment  of  an}^  colour, 


and  the  paper  carrying  this  film  is  sensi- 
tised by  floating  on  a solution  of  potassium 
dichromate.  On  exposure  under  a negative,  the 
gelatine  in  those  portions  exposed  to  the  light 
becomes  insoluble,  and  retains  the  pigment, 
while  the  portions  protected  by  the  darker  parts 
of  the  negative  are  almost  unacted  upon,  and 
may  be  dissolved  in  warm  water.  In  this 
manner,  photographs  of  any  desired  colour,  and 
of  great  beauty  and  permanence,  may  be  pro- 
duced. Contact  of  the  chromated  gelatine  with 
the  reduced  silver  of  an  ordinary  bromide  print 
has  a similar  effect,  and  bromide  photographs 
may  hence  be  copied  by  squeezing  into  contact 
with  a sensitised  pigmented  gelatine.  After  a 
few  minutes’  contact,  the  pigmented  paper  is 
developed  like  a carbon  print.  The  bromide 
has  become  bleached  and  reduced  to  silver,  but 
can  be  redeveloped.  The  insoluble  gelatine  does 
not  absorb  water,  but  will  take  oil,  which  may  be 
mixed  with  any  desired  pigment,  and  this  forms 
the  ba.sis  of  the  oil  and  hromoil  processes.  Gum, 
mixed  with  dichromate,  is  also  made  insoluble 
by  exposure  to  light,  and  this  is  made  use  of  in 
photography  in  the  gum  dichromate  process  {v. 
Photography). 

Sodium  chromates.  The  normal  chromate 
lsra2Cr04,10H20  and  the  dichromate  Na2Cr207, 
2H2O  are  prepared  by  methods  corresponding  to 
those  used  for  the  potassium  salts.  According  to 
Nic.  Walberg  (Dingl.  poly.  J.  259,  188),  they  are 
prepared  on  the  large  scale  as  follows  : 6 parts  of 
powdered  chrome  ore  (44  p.c.  Cr203)  are  mixed 
with  3 parts  soda  ash  (92  p.c.  and 

3 parts  of  chalk,  and  heated  in  charges  of  1 ton 
in  a reverberatory  furnace  for  8 hours.  The 
mass  is  lixiviated  to  produce  a solution  of  45°B., 
boiled  down  to  52°B.,  and  allowed  to  crystallise 
in  leaden  pans.  The  crystals  are  first  dried  by 
a centrifugal  machine,  and  finally  heated  to 
30°  in  a drying  chamber,  where  they  crumble 
to  a yellow  anhydrous  powder  containing  about 
96  p.c.  of  the  normal  chromate. 

For  the  production  of  dichromate,  these 
crystals  are  dissolved  to  a solution  of  40°B.  and 
treated  with  sufficient  chamber  acid  to  determine 
the  conversion  into  the  dichromate,  the  right 
point  being  found  by  potassium  iodide  and  starch 
paper.  Sufficient  neutral  sodium  chromate  is 
then  added  to  bring  the  percentage  of  CrOg  to 
about  72 '5.  The  liquor  is  cooled  in  lead  tanks 
to  1°,  artificially  if  necessary,  and  the  sodium 
sulphate  crystallised  out.  The  liquor  is  drained 
ofl^,  filtered  if  necessary,  and  evaporated  to  dry- 
ness in  an  iron  pot,  with  constant  stirring.  The 
residue  is  powdered  while  still  hot.  If  the 
amount  of  Cr03  be  allowed  to  exceed  72 '5  p.c., 
the  product  is  damp  and  cannot  be  stored 
in  wooden  casks.  An  analysis  of  this  sub- 
stance showed  CrOa,  72'3  ; Na20,  26'20  ; SO3, 
1-40. 

Newer  methods  of  manufacture  are  the  treat- 
ment of  the  monochromate  with  ammonia, 
followed  by  carbonation  and  deposition  of 
sodium  bicarbonate  ; . the  use  of  caustic  alkali 
in  the  place  of  alkali  carbonate ; and  the 
employment  of  only  half  the  necessary  sodium 
carbonate  required  to  decompose  the  ore,  the 
remainder  being  replaced  by  sodium  sulphate, 
formed  in  the  later  stages  of  manufacture  (Ulm, 
Chem.  Zeit.  1914,  38,  670 ; J.  Soc.  Chem.  Ind. 
1914,  33,  917). 
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Normal  sodium  chromate  forms  fine  large 
efflorescent  crystals  of  the  composition 

Na2CrO4,10H2O 

isomorphous  with  Glauber’s  salt.  Unlike  potas- 
sium chromate,  it  is  less  soluble  than  the 
dichromate ; it  is,  however,  more  soluble  than 
potassium  chromate,  100  parts  of  water  at  30° 
dissolving  87 ’36  parts  of  sodium  chromate. 

Other  hydrates  with  6 and  4 mols.  of  HgO 
are  known.  Their  transition  temperatures  have 
been  suggested  as  convenient  fixed  points  in 
thermometry.  (Richards  & Kelley,  J.  Amer. 
Chem.  Soc.  1911,  33,  847.) 

Sodium  dichromate  Isra2Cr207,2H20  crystal- 
lises in  thin,  six-sided  prisms  with  bevelled 
edges  of  a fine  hyacinth-red  colour,  and  is  very 
soluble  in  water,  100  parts  of  water  at  30°  dis- 
solving 197 ‘6  parts  of  the  salt.  It  is  hence  more 
than  10  times  as  soluble  as  potassium  dichromate, 
which  frequently  makes  its  use  preferable  to 
that  of  the  potassium  salt. 

Ammonium  chromate  and  dichromate  are 
prepared  by  mixing  in  proper  proportions  solu- 
tions of  ammonia  and  of  chromic  acid.  The  di- 
chromate, on  heating,  yields  nitrogen,  water,  and 
chromic  oxide,  and  forms  a convenient  method 
for  the  preparation  of  nitrogen  free  from  argon. 

Lead  chromates.  The  neutral  lead  chromate 
PbCr04  is  best  produced  by  the  action  of 
a solution  of  lead  acetate  on  a solution  of  a 
chromate.  Thus  produced,  it  is  of  a fine  lemon- 
yellow  colour,  insoluble  in  water  and  dilute  acids. 
When  heated  at  250°,  it  becomes  reddish- 
brown,  at  a higher  temperature  it  fuses,  and 
finally  evolves  oxygen  with  the  formation  of 
chromic  sesquioxide  and  a basic  lead  chromate. 
On  account  of  this  evolution  of  oxygen  on  heat- 
ing, this  substance  is  frequently  used  in  organic 
analysis. 

Lead  chromate  is  soluble  in  cold  lime  water 
or  caustic  alkali,  but  is  unattacked  by  hot  lime 
water.  For  this  reason,  in  immersing  calico 
coloured  with  chrome  yellow  in  lime  water,  for 
the  production  of  an  orange  colour,  care  should 
be  taken  that  the  solution  is  hot. 

When  heated  with  caustic  alkafli,  a portion  of 
the  chromic  oxide  is  removed,  with  the  pro- 
duction of  a basic  lead  chromate  of  colour 
varying  from  orange  to  vermilion. 

The  normal  chromate  is  largely  used  as  a 
pigment,  and  for  calico  printing,  and  is  the 
essential  constituent  of  various  chrome  pig- 
ments as  Chrome  yellow,  Paris  yellow,  Leipsic 
yellow.  The  name  Cologne  yelloiv  was  originally 
given  to  chrome  yellow  containing  a mixture  of 
lead  chromate  and  lead  sulphate,  but  the  latter 
compound  is  usually  present  in  pale  yellows 
known  commercially  as  ‘ pure  ’ chrome  yellows. 

Chrome  yellows.  The  finest  chrome  yellow 
is  produced  by  precipitation ; the  lead  acetate 
used  should  not  be  basic,  or  the  product  will  be 
of  an  orange  colour ; the  solution  should  be 
dilute,  and  the  lead  salt  should  be  in  excess  ; the 
presence  of  excess  of  chromate  is  liable  to  ‘ turn  ’ 
the  yellow — i.e.  to  produce  an  orange  tinge. 
The  substances  used  should  be  comparativelv 
pure. 

For  the  lighter  yellows,  the  solution  of 
chromate  is  mixed  with  an  appropriate  quantity 
of  sulphuric  acid,  Glauber’s  salts  or  alum 
(American  chrome  yellow),  before  precipitation  ; 


the  latter  yields  good  colours  but  considerable 
care  is  required  in  the  precipitation.  The  lead 
chromate  is  thus  precipitated,  together  with  any 
desired  amount  of  sulphate,  and  the  colour 
correspondingly  lowered.  For  cheaper  chromes, 
the  colour  is  toned  down  by  the  admixture  of 
kaolin,  barytes,  gypsum  or  whiting,  the  finely 
powdered  solid  being  ground  with  water  and 
well  mixed  with  water  in  the  tank  into  which 
the  precipitating  liquids  are  run  {vide  infra). 
Bouthron  Chatard  gives  the  composition  of 
ordinary  Cologne  yellow  as  0aS04,  60  p.c.  ; 
PbS04,  15  p.c.  ; PbCr04,  25  p.c. 

Biot  and  Delisse  first  precipitate  lead  sul- 
phate from  a solution  of  the  acetate,  and  digest 
3 parts  of  the  washed  precipitate  with  1 part 
of  normal  potassium  chromate  dissolved  in  hot 
water.  The  chromate  is  thus  wholly  converted 
into  chrome  yellow,  mixed  or  perhaps  combined 
with  the  lead  sulphate,  and  a ‘ Cologne  yellow  ’ 
of  good  colour  is  produced.  The  colour  is  said 
to  be  equal  to  that  obtained  when  double  the 
quantity  of  chromate  has  been  used.  Its  cover- 
ing power  is,  however,  stated  to  be  inferior  to 
that  of  the  precipitated  yellow. 

Milbauer  & Kohn  (Zeitsch.  physikal  Chem. 
1916,  91,  410)  show  that  the  reaction  PbS04 
+ K2S04^PbCr04+K2S04  proceeds  practi- 
cally completely  in  the  direction  of  left  to  right. 
From  determination  of  the  stability  it  is  shown 
that  the  solid  phase  PbS04  cannot  exist  in  the 
presence  of  K2Cr04K2S04,PbCr04,  and  that 
the  existence  of  double  salts  is  unlikely.  The 
general  results  show  that  the  manufacture  of 
chrome  yellows  can  be  carried  out  from  lead 
sulphate  and  that  various  shades  can  be  obtained 
by  varpng  conditions,  temperature,  concen- 
tration and  time.  It  follows  also  that  an  excess 
of  lead  acetate  should  be  used  in  the  manufacture 
since  this  will  secure  the  absence  of  K2Cr04  which 
would  otherwise  rapidly  convert  the  lead  sul- 
phate necessary  for  the  particular  shade  into 
chromate. 

Liebig  uses  for  this  purpose  the  lead  sulphate 
obtained  in  dye  works,  &c.,  as  a by-product. 
The  pigment,  on  account  of  the  basic  character 
of  the  sulphate,  is  of  an  orange  colour. 

Anthon  substitutes  lead  chloride  for  sul- 
phate, treating  100  parts  of  freshly  precipitated 
chloride  with  27  parts  of  dichromate. 

The  method  usually  adopted  for  production 
of  chrome  yellow  is  the  following  : The  two 
precipitating  solutions  are  placed  separately 
in  wooden  tanks,  and  heated  by  steam  pipes. 
The  solutions  are  either  filtered  or  allowed  to 
settle  in  the  tanks  and  drawn  off  from  above. 
They  are  run  together  into  the  precipitating 
tank,  which  contains  about  200  gallons.  The 
chrome  yellow  is  allowed  to  settle  and  the  clear 
liquid  drawn  off ; more  water  is  added,  the 
whole  thoroughly  stirred  and  the  process  is 
repeated  three  or  four  times.  The  pigment  is 
then  put  in  a filter  press  and  dried  at  as  low  a 
temperature  as  possible. 

According  to  the  Textile  Colourist,  the  pre- 
paration of  chrome  yellow  is  as  follows  : For 
the  preparation  of  the  lead  acetate,  four  wooden 
tubs,  3 feet  in  diameter  and  feet  high,  are 
varranged  one  above  another,  so  that  the  liquid 
may  pass  downwards  from  one  to  the  other. 
They  are  filled  with  granulated  lead,  and  strong 
wood  vinegar  poured  on  the  uppermost ; after 
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remaining  there  for  a few  minutes,  it  is  run  into 
the  second,  third,  and  fourth  for  an  equal  time. 
The  surface  of  the  lead  is  thus  thoroughly  acted 
upon,  and  becomes  heated  and  oxidised  by  the 
air.  The  vinegar  is  then  passed  through  a 
second  time,  remaining  in  each  tub  for  an  hour  ; 
on  leaving  the  fourth  tub,  a saturated  solution  of 
acetate  is  produced. 

Bichrome  is  dissolved  in  10  or  12  parts  of 
water  in  steam-cased  copper  pans,  and  sufficient 
acetate  added  to  just  precipitate  the  chromate 
completely.  The  precipitate  is  settled,  washed 
by  decantation,  filtered,  and  dried  slowly  on 
boards.  The  filtration  should  be  performed  as 
rapidly  as  possible,  because  the  pigment  swells 
considerably  while  drying,  and  this  should  take 
place  on  the  boards. 

By  mixing  some  lead  chromate  with  the 
lead  acetate  solution,  a dark  lemon  colour  is 
produced,  and  by  the  addition  of  caustic  potash 
to  the  precipitate,  a much  redder  pigment  may 
be  obtained. 

The  chrome  yellows,  by  mixture  with 
Prussian  blue,  form  greens  known  as  ‘ Brunswick 
greens  ’ and  also  as  ‘ chrome  greens  ’ (not  the 
true  chrome  green,  vide  supra).  These  are 
valuable  and  cheap  pigments,  but  not  as  stable 
as  the  corresponding  zinc  greens  {vide  infra). 

By  removal  of  some  of  the  acid  from  normal 
lead  chromate,  a basic  lead  chromate  of  a deep 
red  colour  is  obtained,  Pb0'PbCr04,  which  is 
the  base  of  a number  of  chrome  reds.  Between 
these  and  the  various  yellows  a large  number  of 
shades  of  chrome  orange  may  be  obtained.  The 
chrome  reds  are  known  by  a variety  of  names, 
e.g.  Austrian  cinnabar,  Persian  red,  Chinese  red, 
Victoria  red,  Derby  red,  American  vermilion,  &c. 

The  pigment  is  usually  prepared  by  boiling 
chrome  yellow  with  caustic  alkali  or  by  boiling 
together  the  lead  salt,  potassium  dichromate, 
and  an  alkali.  One  such  method  is — 20  parts  of 
white  lead  are  mixed  into  a fine  paste  with 
water,  10  parts  of  potassium  dichromate  and  8 
of  caustic  soda,  are  dissolved  in  a little  water, 
added,  and  the  whole  boiled  until  the  desired 
colour  is  obtained.  It  is  then  washed  and 
driea. 

Runge  mixes  45  parts  of  litharge,  6 parts  of 
salt,  and  50  parts  of  water ; the  mass  becomes 
white,  and  swells  considerably ; more  water  is 
added  to  prevent  it  from  hardening.  In  three 
or  four  days,  the  whole  has  been  converted  into 
lead  oxychloride  ; a solution  of  15  parts  of  po- 
tassium dichromate  is  then  poured  on,  and  the 
mass  well  stirred  and  washed.  A corresponding 
process  is  used  with  carbonate  of  lead,  the  colour 
produced  being  preferable  to  that  when  chloride, 
sulphate,  or  oxide  of  lead  are  used. 

For  the  production  of  a hne  ‘ Persian  red,’ 
Prinvolt  digests  25  parts  of  lead  carbonate  in  a 
cold  solution  of  10  parts  of  potassium  chromate 
for  2 days.  A red  crystalline  precipitate  of  basic 
lead  chromate  is  thus  produced,  while  potassium 
bicarbonate  remains  in  solution.  The  mixture 
is  boiled  for  half  an  hour,  whereby  a portion  of 
the  red  precipitate  becomes  decomposed,  with 
the  formation  of  normal  lead  chromate  and  of 
potassium  chromate,  turning  a violet-red  colour. 
This  is  filtered  off,  washed,  and  digested  with 
one  part  of  sulphuric  acid  dissolved  in  100  parts 
of  water,  with  the  production  of  ‘ Persian  red.  ’ 

For  the  production  of  a fine  vermilion  pig- 


ment, Liebig  and  Wbhier’s  method  may  be  used. 
A mixture  of  equal  j)arts  of  potassium  and 
sodium  nitrates  is  just  heated  to  fusion,  and 
chrome  yellow,  in  small  fragments,  is  dropped 
in  ; ebullition  takes  place,  and  the  mass  becomes 
black.  The  heating  should  be  continued  until 
ebullition  ceases.  The  chrome  yellow  heis  thus 
become  converted  into  basic  lead  chromate 
and  potassium  chromate.  If  the  temperature 
used  be  too  high,  the  product  becomes  brown 
and  is  spoiled.  The  supernatant  yellow  liquid 
is  poured  from  the  heavy  basic  lead  salt,  which 
is  then  well  washed  in  water.  The  washings 
should  be  poured  off  as  quickly  as  possible,  or 
the  action  is  liable  to  be  reversed  and  the  normal 
chromate  reproduced  in  part,  with  a correspond- 
ing reduction  of  colour. 

The  colour  of  the  varieties  of  chrome  red  is 
due  principally  to  the  size  of  the  crystals,  those 
pigments  of  which  the  crystals  are  largest  being 
of  the  most  intense  colour. 

For  the  production  of  chrome  orange,  the 
chrome  yellow  is  boiled  with  lime  or  alkali  (in 
smaller  quantity  than  that  used  for  production 
of  chrome  red),  until  the  shade  required  results. 
The  cheaper  chrome  orange  pigments,  as  in  the 
case  of  the  yellows,  contain  admixed  kaolin, 
gypsum,  &c. 

The  lead  chromates  all  possess  good  covering 
power  and  brightness  of  colour ; they  are 
durable,  but  blacken  under  the  action  of 
sulphuretted  hydrogen.  They  mix  well  with 
other  pigments,  but  should  not  be  used  with 
sulphides. 

Calcium  chromate  CaCr04,4H20  is  largely 
produced  in  the  manufacture  of  chromates  from 
chrome  iron  ore.  It  is  soluble  in  water  and 
alcohol.  It  becomes  anhydrous  at  200°,  and  is 
then  almost  insoluble  in  water. 

Barium  chromate  BaCr04  is  a canary-yel- 
low powder,  known  as  Yellow  ultramarine  or 
Lemon  yellow.  It  is  produced  by  the  addition  of 
a chromate  to  a solution  of  a salt  of  barium. 

Barium  chromate  is  insoluble  in  water  and 
acetic  acid,  soluble  in  hydrochloric  and  nitric 
acids.  On  treatment  with  a boiling  solution  of 
chromium  anhydride,  it  dissolves,  and  crystal- 
lises on  cooling  as  a yellowish-red  powder,  con- 
sisting of  the  dichromate  BaCr207,2H20. 

Both  barium  and  calcium  chromates  have 
been  employed  as  pigments,  but  are  now  little 
used  on  account  of  their  lack  of  brightness  and 
covering  power. 

Bismuth  chromates.  The  addition  of  potas- 
sium dichromate  to  a neutral  solution  of  bismuth 
nitrate  gives  a yellow  fiocculent  precipitate, 
3Bi203'2Cr03,  soluble  in  acids  (Lowe).  On 
heating,  it  becomes  partly  decomposed  and  turns 
greenish.  From  an  acid  solution  of  bismuth 
nitrate,  the  precipitate  formed  consists  of 
Bi203‘2Cr03  (Lowe ; Muir),  and  is  quite  in- 
soluble in  water.  Bismuth  chromate  is  used  as 
a pigment  and  in  calico  printing. 

Zinc  chromate,  Zinc  yellow,  or  Buttercup 
yellow  ZnCr04,  is  a beautiful,  stable,  yellow 
pigment,  produced  by  the  addition  of  hot  neutral 
solution  of  zinc  sulphate  to  potassium  chromate, 
or  by  adding  a cream  of  zinc  oxide  in  water  to  a 
boiling  solution  of  potassium  dichromate. 

Zinc  chromate  can  be  obtained  in  various 
tints  and  has  a good  colour.  Though  not  equal 
to  chrome  yellow  in  covering  power  or  body,  it 
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lias  the  advantage  of  not  blackening  by  ex- 
posure to  sulphides.  It  is  largely  used  for 
mixing  with  Prussian  blue  to  form  the  zinc 
greens,  which  are  more  stable  and  faster  to  light 
than  the  corresponding  chrome  greens. 

Perchromic  acid.  On  adding  hydrogen 
peroxide  to  an  aqueous  solution  of  chromic  acid, 
or  to  an  aqueous  solution  of  a chromate  acidified 
with  sulphuric  acid,  a deep  blue  colouration  is 
produced,  which  on  shaking  the  solution  with 
ether  passes  into  that  liquid.  The  colour  of  this 
substance  is  so  intense  that  it  constitutes  a 
delicate  test  for  both  chromic  acid  and  hydrogen 
peroxide.  It  is  extremely  unstable,  evolves 
oxygen,  and  is  gradually  transformed  into 
chromium  trioxide.  It  has  been  regarded  as 
Cr207*a:H20  (Barreswil),  Cr06‘3H20  (Fairley), 
CrOgjHgOg  (Moissan),  and  2HCr04,H202  (Ber- 
thelot).  By  adding  pyridine,  quinoline,  and 
other  organic  bases  to  the  ethereal  solution  of 
the  blue  compound,  Wiede  obtained  salts  of 
an  acid  he  regarded  as  HCrOg.  He  also  obtained 
blue  salts  (NH4)Cr05,H202  and  KCr05,H202. 
According  to  Riesenfeld  (Ber.  1905,  38,  4068  ; 
1908,  41,  2826  ; 1911,  44,  147),  these  salts  are 
acid  salts  of  'perchromic  acid  HgCrOg,  of  the  type 
MHgCrOg,  corresponding  with  the  red  per- 
chromates.  Pure  perchromic  acid  H3Cr08,2H20 
may  be  obtained  by  the  interaction  of  chromic 
trioxide  and  97  p.c.  hydrogen  peroxide  in 
methyl  ether  solution  at  —30°  : 

2Cr03+7H202=:2H3Cr08+4H20 

After  the  reaction  is  complete,  the  blue  solution 
is  poured  off,  dried  with  phosphoric  oxide,  and 
evaporated  in  vacuo  at  —30°.  It  forms  a dark 
blue  crystalline  mass,  which  decomposes  at 
above  —30°.  The  water  is  regarded  as  water 
of  constitution,  since  the  blue  colour  is  only 
produced  in  presence  of  water.  The  red  per- 
chromates  are  considered  as  the  anhydro  salts 
of  the  blue  perchromic  acid  (Riesenfeld  and 
Mau,  Ber.  1914,  47,  548). 

Esters  of  chromic  acid  have  been  prepared 
by  Wienhaus  (Ber.  1914,  47,  332)  by  shaking  a 
tertiary  alcohol,  dissolved  in  light  petroleum 
or  carbon  tetrachloride  with  an  excess  of  solid 
chromium  trioxide.  The  ester  remains  dis- 
solved or  suspended  in  the  solvent,  from  which 
it  can  be  obtained  by  evaporation. 

Chromammonium  Compounds  and 
Derivatives 

Salts  of  chromium  readily  combine  with 
ammonia  or  substituted  ammonias,  to  form 
complex  compounds  in  which  the  chromium 
atom  may  be  combined  with  six  molecules 
of  ammonia,  as,  for  example,  in  hexamine 
chromium  chloride  [Cr(NH3)8]Cl3.  According 
to  Werner’s  theory,  the  chlorine  of  this  com- 
pound is  united  by  primary  valencies,  whereas 
the  ammonia  is  co-ordinated  with  the  chromium 
atom  by  supplementary  valencies  (Ber.  40,  20). 
The  ammonia  may  be  substituted  by  acid 
groups,  the  valency  and  character  of  the  com- 
plex radical  being  determined  by  the  acid  and 
basic  radicals  in  the  molecule,  as  will  be  evident 
from  the  following  description  of  some  of  the 
simpler  compounds. 

Hexamine  chromium  salts  (luteo  salts),  e.g. 
the  nitrate  [Cr(NH3)g](N03)3,  are  prepared  by 
treating  the  corresponding  purpuroo  salts  with 


ammonia  in  cold  concentrated  solution  (Jorgen- 
sen, J.  pr.  Chem.  23,  229 ; Mills,  Phil.  Mag. 
[4]  35,  245). 

Pentamine  chromium  salts  (purpureo  salts). 
Jorgensen  (J.  pr.  Chem.  2,  20,  105)  prepared 
the  chloride  [CrCl(NH3)5]Cl2  by  reducing  violet 
chromic  chloride  in  a stream  of  pure  dry  hydro- 
gen at  a red  heat,  and  adding  to  it  a solution  of 
NH4CI  in  strong  ammonia.  Air  was  passed 
through,  HCl  added,  and  the  mixture  boiled, 
when  a carmine  coloured  powder  is  precipitated. 
It  crystallises  in  octahedra,  sp.gr.  1*687,  dis- 
solves in  154  parts  of  water  at  16°.  Representing 
the  compound  Cl2Cr2(NH3)4oCl4,  Jorgensen 
found  that  only  4 atoms  of  chlorine  are  precipi- 
tated by  silver  nitrate,  which  confirms  Werner’s 
formula  above  given. 

Triamine  chromium  salts.  These  compounds 
have  been  investigated  by  Werner  (Ber.  1910, 
43,  2286),  who  uses  triamine  chromium  tetroxide 
in  their  preparation.  To  a well-cooled  solution 
of  30  grams  of  chromic  acid  in  300  c.c.  of  water 
are  added  300  c.c.  of  pyridine.  After  remaining 
half  an  hour  in  a freezing  mixture,  750  c.c. 
3 p.c.  H2O2  are  added.  The  precipitated 
pyridine  perchromate  is  collected,  washed,  and 
added  to  90  c.c.  of  well-cooled  25  p.c.  ammonia. 
The  precipitated  triamine  chromium  tetroxide 
is  collected  after  10  minutes  and  washed  with 
water,  alcohol,  and  ether. 

Trichlorotriamine  chromium  [(NH3)3CrCl3] 
results  when  triamine  chromium  tetroxide  is 
added  to  cold  concentrated  hydrochloric  acid. 
A bluish-grey  precipitate  is  formed,  and  the 
filtrate  from  this  deposits  the  compound  after 
standing  two  days,  in  dark  blue  crystals  with  a 
greenish  tinge.  The  triaquo  derivative 

[Cr(OH2)3(NH3)3]Cl3 

is  obtained  by  treating  one  gram  of  the  dichloro- 
aquotriamine  chromium  chloride  (contained 
in  the  grey  precipitate  above  mentioned)  with 
8 c.c.  of  water  covered  with  5 c.c.  of  pyridine. 
The  resulting  solution  is  filtered,  and  the 
hydroxoiodide  precipitated  by  the  addition  of 
solid  potassium  iodide.  The  chloride  is  obtained 
from  this  by  triturating  with  hydrochloric 
acid.  It  forms  brownish-red  hygroscopic  crys- 
tals. The  corresponding  bromine  compounds 
have  been  prepared. 

The  diamine  chromium  compounds  were 
among  the  earliest  known  of  these  complexes. 
Morland  (Chem.  Soc.  Trans.  13,  252)  obtained 
a compound  by  the  action  of  K2Cr207  on  fused 
KCNS,  which  was  subsequently  examined  by 
Reinecke  (Annalen,  126,  113)  and  by  Norden- 
skjold  (Zeitsch.  anorg.  Chem.  1,  126),  who 
prepared  it  by  heating  NH4CNS  to  incipient, 
fusion  and  dropping  in  one-third  of  its  weight 
of  (NH4)2Cr207.  The  compound 
[Cr(NH3)2(SCN)4]NH4 

is  known  as  Reinecke’s  salt,  and  according  to 
Werner  is  the  ammonium  salt  of  tetrathiocyano- 
diamine  chromite,  the  complex  molecule  having 
an  acid  character  and  being  mono- valent.  It  forms 
small  red  crystals  fairly  stable  towards  acids. 
The  potassium  salt  is  obtained  by  adding  KCl 
to  its  solution,  and  the  acid  [Cr(NH3)2(SCN)4]H 
by  decomposing  the  barium  salt  with  sulphuric 
acid.  It  commences  to  decompose  at  80°. 
Werner  and  Klein  (Ber.  35,  277),  by  oxidation 
of  ‘ Reinecke’s  salt  ’ with  bromine,  completely 
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eliminated  the  four  thiocyano  groups  with  the  | 
formation  of  dibromodiaquodiamino  chromic 
bromide  [(NH3)2CrBr2(H20)2]Br. 

The  last  member  of  the  series  in  which  all 
the  ammonia  groups  are  replaced  by  acid 
radicals  may  be  represented  by  the  salt 
[Cr(CN6)]K3  potassium  chromcyanide  or  hexa- 
cyanochromite.  It  is  obtained  in  light  yellow 
monoclinic  crystals  by  adding  a solution  of 
chromic  acetate  to  a boiling  solution  of  potassium 
cyanide.  G.  S.  B. 

CHROMOCYANINES  v.  Oxazine  colouring 

MATTERS. 

CHROMOFORM.  Trade  name  for  an  orange- 
red  crystalline  powder  formed  by  the  union  of 
dichromic  acid  and  hexamethylenetetramine 
(^6H]2N4CH3)2Cr207.  Slightly  soluble  in  alco- 
hol and  cold  water ; readily  soluble  in  hot 
water.  The  aqueous  solution  on  boiling,  or 
by  treatment  with  acids  or  alkalis,  evolves 
formaldehyde. 

CHROMOGEN  AND  CHROMOPHORE  v. 

Colour  and  Chemical  Constitution. 

CHROMOMETERS  v.  Colorimeters. 

CHROMONE.  Colouring  matters  derived 
from  chromone  or  pheno  y-pyrone  (1),  the 
analogue  of  coumarin  (2)  : 

^ \CH 

(1)  I I II  (2) 

\/\00/CH 


y\/  ® \co 

I ! I 
\/\ch/ch 


or  pheno  a-pyrone,  have  not  as  yet  been  found 
in  nature,  though  an  hydroxy  chromone  (1) 
analogous  to  daphnetin  (2)  will  no  doubt  possess 
dyeing  properties  and  yield  a yellow  shade  on 
aluminium  mordant : 

OH  o OH 

0H/\/  \CH  HO/\/  \00 

(1)  I I ■ II  (2)  I I 

\/\CO/0H  ■ \/\ch/CH 


Chromone  is  specially  interesting  owing  to  the 
isolation  of  the  3 hydroxy-chromonol  : 


O 


HO  / \CH 

[ J li 


by  Schall  and  Dralle  (Ber.  1881,  21,  3009)  as 
one  of  the  products  of  the  alkaline  oxidation 
of  brazilein.  Benzo  y-pyrone  derivatives  were 
first  synthesised  by  v.  Kostanecki  (Ber.  1900, 
1998),  but  the  synthesis  of  chromone  itself  is 
due  to  Ruhemann  and  Stapleton  (Chem.  Soc. 
Trans.  1900,  1179).  When  phenoxyfumaric 

acid  (1)  is  treated  with  sulphuric  acid  benzo 
y-pyrone  carboxylic  acid  is  produced  (2)  : 


CgHg— 0— C— COOH 

II 

HOCO— CH 

(1) 


o 


^C— COOH 


^CO^CH 

(2) 


and  this  when  heated  in  a vacuum  yields  benzo 
y-pyrone  : 


C6H4 


""XCH 

CO^CR 


It  crystallises  in  colourless  needles,  m.p.  59°, 


and  its  yellow  solution  in  cold  sulphuric  acid 
possesses  a blue  fluorescence.  A.  G.  P. 

CHROMOTROPE  or  CHROMOTROPIC  ACID, 

1 ; 8 -Dihy droxynaphthalene  -3:6  -Disulphonic  acid. 

CHRYSANILINE.  Diamidophenylacridine 
C49H45N3,  is  obtained  as  a by-product  in  the 
manufacture  of  rosaniline  by  the  arsenic  acid 
method,  and  was  isolated  by  Nicholson  (Dingl. 
poly.  J.  168,  133)  by  treating  the  residue  with 
steam,  whereby  chrysaniline  passes  into  solution 
and  can  be  precipitated  therefrom  by  addition 
of  nitric  acid.  It  was  further  examined  by 
Hofmann  (Ber.  1869,  378),  who  prepared  its 
methyl-,  ethyl-,  and  phenyl-  derivatives,  and 
showed  that  it  possessed  the  empirical  formula 
C20HJ7N3.  Its  composition  and  constitution 
were  first  established  by  Fischer  and  Korner 
(Ber.  1884,  203  ; Annalen,  226,  175),  who 
showed  that  a second  lower  homologue  of 
composition  CjgHj  5N3  was  present  (compare  also 
Anschutz,  Ber.  1884,  433),  and  who  refer  its 
formation  in  the  rosaniline  melt  to  a condensa- 
tion and  subsequent  oxidation  of  orthotoluidine 
and  aniline,  since  they  have  effected  its  synthesis 
by  heating  with  arsenic  acid  at  180°-200°  the 
orthodiparatriaminotriphenylmethane  obtained 
by  Renouf  (Ber.  1883,  1304)  by  the  action  of 
dehydrating  agents  on  a mixture  of  orthonitro- 
benzaldehyde  and  aniline  (v.  also  Ostrogovich 
and  Silbermann,  Chem.  Zentr.  1907,  i.  1195). 
The  commercial  product  is  a mixture  of  the 
two  derivatives,  and  in  the  form  of  the  nitrates 
or  hydrochlorides  appears  on  the  market  as 
phosphine. 

Properties. — Chrysaniline  crystallises  with 
2 mols.  of  H2O  from  50  p.c.  alcohol  in  golden- 
yellow  needles,  and  from  benzene  with  1 mol. 
of  benzene  of  crystallisation  in  golden-yellow 
scales';  the  latter  melt,  when  placed  in  a bath 
heated  at  150°-160°,  but  when  slowly  heated 
lose  the  associated  benzene,  and  melt,  like  the 
former,  at  267°-270°.  It  is  insoluble  in  water, 
and  sparingly  soluble  in  alcohol.  On  oxidation 
with  chromic  acid,  it  yields  acridine  and 
when  diazotised  and  boiled  with  alcohol  is 
converted  into  phenylacridine  (m.p.  164°). 

Tetrazo-  compounds  have  been  prepared,  but 
their  couple  products  with  amines,  phenols,  &c., 
are  not  as  good  dyes  as  those  obtained  from 
chrysaniline  and  its  salts  (Trillat  and  de  Racz- 
kowski,  Compt.  rend.  114,  1024).  Formaldehyde 
reacts  with  chrysaniline,  yielding  an  orange 
dyestuff  similar  to  chrysaniline  in  its  tinctorial 
properties  (T.  and  de  R.  Compt.  rend.  116, 
1382).  Chrysophenol  C19H44N2O,  a yellow  dye, 
is  obtained  when  it  is  heated  at  160°-180° 
with  concentrated  hydrochloric  acid,  and 
crystallises  from  dilute  alcohol  with  2 mols.  of 
HgO  in  ruby-red  needles.  Chrysaniline  forms 
two  series  of  salts ; of  these,  the  sparingly 
soluble  nitrate  is  the  most  characteristic  : it 
crystallises  in  ruby-red  needles,  and  is  employed 
under  various  names  as  a valuable  golden-yellow 
dye  for  silk,  wool,  and  leather  {v.  Acridine 
dyestuffs). 

CHRYSANTHEMIN  v.  Anthocyanins. 
CHRYSAROBIN  (B.P.,  U.S.P.)  is  a yellow 
crystalline  mixture  of  substances  obtained  from 
Araroba  or  Goa  pmvder.  The  latter  varies  in 
colour  from  primrose-yellow  to  bronze  and 
purple,  and  collects,  possibly  as  the  residt  of 
oxidation  of  the  resin.;  in  the  cavities  of  the 
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stems  and  branches  of  Andira  Araroba  (Aguiar) 
(N.O.  Leguminsce),  a tree  inhabiting  the  forests 
of  Bahia  (Aguiar,  Pharm.  J.  [hi,]  10,  42  ; cf. 
Greenish,  ibid,  [hi.]  10,  814).  The  drug  was 
formerly  exported  by  the  Portuguese  to  Goa, 
but  its  origin  for  a long  time  remained  secret, 
Goa  powder  is  usually  mixed  with  woody  frag- 
ments from  which  it  is  freed  by  sifting  ; it  is 
sometimes  termed  crude  chrysarobin.  After 
extraction  of  Goa  powder  with  organic  solvents 
(benzene,  chloroform)  there  is  left  behind  on 
evaporation  a yellow  crystalline  powder,  intro- 
duced in  1875  by  a Bombay  firm  under  the 
name  Chrysarobin,  which  has  since  been  included 
under  this  name  in  the  British  and  United  States 
Pharmacopoeias,  and  is  used  in  skin  affections. 

Attfield  (Pharm.  J.  1875,  [3]  5,  721)  obtained 
chrysarobin  in  a yield  of  80-84  p.c.  of  the  crude 
drug,  using  benzene,  Tutin  and  Clewer  (Chem. 
Soc.  Trans.  1912,  101,  290),  by  successive 
exhaustion  with  light  petroleum,  ether,  chloro- 
form, ethyl  acetate,  and  alcohol  extracted  only 
.57 ’5  p.c.  The  residue  consists  of  woody  fibre, 
inorganic  and  resinous  constituents,  a little 
sugar,  &c. 

Chrysarobin  was  originally  thought  to  be  a 
pure,  or  nearly  pure,  substance  ; in  reality  it 
is  a complex  mixture,  consisting  chiefly  of 
reduced  di-  and  trihydroxymethylanthraquin- 
ones,  which  crystallise  together  and  are  difficult 
to  separate  by  purely  physical  means.  Later 
the  name  chrysarobin  was  applied  to  one  of  the 
pure  constituents,  but  it  is  better  to  reserve 
this  name  for  the  commercial  mixture,  Tutin 
and  Clewer  found  the  following  percentage 
composition  for  three  samples  of  commercial 
chrysarobin  : — 


1.  Chrysophanic  acid  ] 

(=:chrysophanol)  ^ .[  6*3  7*2  8*9 

2.  Emodin  monomethylether  ^ j 

3.  Emodin  . . . . trace  nil  nil 

4.  Crude  anthranol  of  chryso- 

phanic acid  . . 26  46  62 

5.  Anthranol  of  emodin  mono- 

methyl ether  . . small  amounts 

6.  Monomethyl  ether  of  de- 

- hydroemodinanthranol  41*1  13*4  17*7 

7.  Ararobinol  . . . 4*2  4*1  nil 

8.  Inseparable  mixture  of 

partly  amorphous  sub- 
stances . . .23  30  12 

The  first  three  of  these  substances  are 
anthraquinone  derivatives  (for  their  properties 
and  constitution,  see  Rhubarb).  Nos.  4 and  5 
result  from  Nos.  1 and  2 respectively,  by  reduc- 
tion ; they  are  derivatives  of  anthranol  (9- 
hydroxyanthracene).  No,  6 is  a less  strongly 
reduced  anthraquinone.  No.  7,  of  unknown 
constitution,  is  also  an  anthraquinone  derivative, 
related  to  No.  1. 

Chrysophanic  acid  anthranol  Ci5H]203  has 
the  constitution 


UOH. 


CeH3(PH) 


\CH- 


CeH2(OH)CH3 


and  was  called  chrysarobin  by  Jowett  and 
Potter  (Chem.  Soc.  Trans,  1902,  81,  1578).  It 
is  obtained  from  commercial  chrysarobin  by 
extraction  with  light  petroleum  ; by  shaking 

‘ About  3 or  4 parts  of  the  former  to  1 of  the  latter. 


its  chloroform  solution  with  sodium  carbonate 
traces  of  emodin  are  removed,  and  after 
evaporation  of  the  chloroform  the  residue  is 
crystallised  from  much  ethyl  acetate,  when  it 
forms  lemon-yellow  scales,  m.p.  202°  (corr.) 
(regenerated  from  its  acetyl  derivative  the 
substance  melts  at  204°).  It  is  insoluble  in 
sodium  carbonate,  soluble  in  caustic  alkalis  to 
a yellow  solution,  which  becomes  red  by  passing 
air  through  it,  whereby  it  is  oxidised  to  chryso- 
phanic acid.  The  change  is  complete  in  2 
hours,  as  shown  by  measurement  of  the  oxygen 
absorbed  (Tutin  and  Clewer),  The  reverse 
change  is  brought  about  by  hydriodic  acid  at 
130°-140°,  Chrysophanic  acid  anthranol  dis- 
solves in  sulphuric  acid  with  a yellow  colour ; 
it  forms  a diacetyl  compound  C15II10O3AC2, 
m.p.  193°,  and  a triacetyl  compound  CigHgOaACg, 
m.p.  238°. 

The  anthranol  of  emodin  monomethyl  ether 
was  not  isolated  by  Tutin  and  Clewer  as  such, 
but  its  presence  was  inferred  from  aerial  oxida- 
tion experiments,  which  converted  it  into  emodin 
mono  methyl  ether. 

The  monomethyl  ether  of  dehydroemodin- 
anthranol  CigHx204  is  characteristic  of  chrysa- 
robin, According  to  Eder  {v.  infra),  its  con 
stitution  is  most  probably  : 


C 


Tutin  and  Clewer  converted  it  by  boiling 
hydriodic  acid  into  emodin  anthranol,  a sub- 
stance containing  a methyl  group  less  and  2 
hydrogen  atoms  more ; by  oxidation  with  chromic 
acid  they  converted  it  into  emodin  methyl 
ether. 

Of  the  substances  1-6  chrysophanic  acid  had 
also  been  found  by  Attfield,  its  anthranol  by 
J o wett  and  Potter,  and  emodin  monomethylether 
by  Oesterle  and  Johann  (Arch.  Pharm.  1910, 
248,  476),  but  this  was  the  full  extent  of  the 
agreement  among  the  various  investigators  of 
chrysarobin  until  Eder  (Arch.  Pharm.  1915, 
253,  1 ; 1916,  254,  1)  confirmed  all  the  principal 
results  of  Tutin  and  Clewer.  He  oxidised  the 
commercial  substance  with  air  in  alkaline  solu- 
tion, and  considers  that  hydrogen  peroxide  is 
formed  in  this  reaction,  and  is  responsible  for 
further  changes.  He  thus  obtained  the  following 
percentages  : emodin  0*2,  emodin  methylether 
9*3,  chrysophanic  acid  22*7,  dehydro-eniodin 
anthranol  monomethyl  ether  18  ( = chrysarobol 
of  Hesse  ?),  amorphous  products  26.  It  should 
be  remembered  that  most  of  the  chrysophanic 
acid  and  some  of  the  emodin  methyl  ether  were 
originally  present  as  anthranols.  In  his  second 
paper,  Eder  acetylated  and  benzoylated  chrysa- 
robin and  obtained  by  subsequent  hydrolysis 
up  to  14  p.c.  of  chrysophanic  acid  anthranol, 
up  to  9 p.c.  of  emodin  anthranol  mononiethyl 
ether,  and  up  to  4 p.c.  of  emodin  monomethyl 
ether,  but  no  chrysophanic  acid.  The  chief 
discrepancy  is  that  Eder  did  not  find  the  last 
of  Tutin  and  Clewer’s  substances,  ararobinol. 
This,  according  to  the  latter  authors,  has  the 
composition  GgsHigOg,  and  forms  yellow  crys- 
tals, decomposing  without  melting  at  about 
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225“^.  It  dissolves  in  alkali  with  a yellow 
eolour,  but,  like  the  methyl  ether  of  dehydro - 
emodin  anthranol,  and  unlike  chrysophanie  acid 
anthranol,  it  is  not  readily  oxidised  by  air. 
It  gives  a delicate  and  characteristic  reaction 
with  sulphuric  acid ; a mere  trace  forms  an 
orange  solution,  which  on  gentle  agitation  gives 
intense  blue  streaks  ; the  solution  then  becomes 
green,  and  finally  dull  grey.  Ararobinol  gives  a 
triacetyl  derivative  (decomp,  at  225°),  is  reduced 
by  hydriodic  acid  to  dehydroararobinol,  and 
oxidised  by  chromic  acid  to  chrysophanie  acid, 
but  not  quantitatively. 

With  the  exception  of  chrysophanie  acid 
anthranol,  Tutin  and  Clewer  could  find  none  of 
the  substances  described  by  Jowett  and  Potter. 
They  had  access  to  the  latter’s  specimens  of 
‘ dichrysarobin  ’ and  its  ‘ methylether ; ’ the 
former  they  separated  into  substance  4,  and 
emodin  anthranol,  the  latter  into  the  substances 
4 and  5.  A mixture  of  the  latter  substances  is 
similar  in  composition  and  melting-point  to 
‘ dichrysarobin  methyl  ether,’  which  illustrates 
the  difficulty  of  separating  the  constituents  of 
chrysarobin  by  mere  crystallisation. 

Chrysarobin  is  occasionally  employed  intern- 
ally as  a purgative.  Leger  (J.  Pharm.  Chim. 
1912,  [vii.]  5,  588)  has  suggested  that  for  this 
purpose  chrysarobin  should  be  substituted  for 
chrysophanie  acid,  since  they  both  have  the 
same  purgative  effect,  and  the  latter  is  difficult 
to  obtain  in  a state  of  purity.  Probably  the 
chief  constituent  of  chrysarobin,  chrysophanie 
acid  anthranol,  does  not  exert  a purgative  action 
until  it  has  been  oxidised  in  the  alimentary 
eanal  (to  ehrysophanic  acid),  as  is  the  ease  with 
aloVn  (Meyer  and  Gottlieb,  Experimentelle 
Pharmacologie,  Berlin  and  Vienna,  1914,  198). 
The  chief  use  of  chrysarobin  is,  however,  as 
an  ointment  in  skin  diseases  (psoriasis),  and  the 
active  constituent  appears  to  be  the  anthranol 
of  chrysophanie  acid.  According  to  Unna’s 
experiments  (Baudisch,  Ber.  1916,  49,  179),  the 
only  active  sjmthetic  substitutes  are  the  anthra- 
nols  of  1 -hydroxy  and  of  1 : 8-dihydroxy  anthra- 
quinone.  The  latter,  cigjiolin 


HO  HO  HO 


is  more  active  in  psoriasis  than  the  anthranol  of 
chrysophanie  acid  (chrysarobin),  because  it  has 
not  the  dystherapeutic  methyl  group. 

Baudisch  explains  the  effect  of  the  1 : 8- 
hydroxyls  in  accordance  with  Pfeiffer’s  views  by 
the  formula  : 


H H 
0 0 0 


Various  other  substitutes  have  been  sug- 
gested, e.g.  acetyl  clirysarolnn  (Knoll  & Co. 
D.  R.  P.  105871  ; Chem.  Zentr.  1900,  i.  524), 
‘ lenirobin  ’ ; eurobin  is  said  to  be  triacetyl- 
chrysophanic  acid  (?). 

‘ Dermal  ’ is  prepared  by  precipitating  a 
bismuth  nitrate  solution  by  a solution  of 


ehrysophanic  acid  in  sodium  hydroxide.  ‘ An- 
thrarobin  ’ is  the  anthranol  of  alizarin. 

The  different  methods  of  extraction  cause 
considerable  variation  in  the  composition  of 
commercial  chrysarobin  and  of  its  physiological 
hetion  (Pharm.  J.  1911,  [iv.]  87,  630).  Hence, 
Tutin  and  Clewer  consider  it  fallacious  to  ask 
for  compliance  with  exact  requirements  as 
to  solubility,  etc.  (The  U.S.P.  states  that 
1 gram  of  ehrysarobin  dissolves  in  385  c.e.  of 
alcohol,  12‘5  c.c.  of  chloroform,  16  c.c.  of  ether, 
30  c.e.  of  benzene,  and  180  c.c.  of  carbon  disul- 
phide at  25°. ) Pure  chrysarobin  dissolves  in 
concentrated  sulphuric  acid  with  a yellow 
colour,  and  is  insoluble  in  dilute  sodium  hydr- 
oxide ; eoncentrated  sodium  hydroxide  dissolves 
it  with  a green  colour.  Chrysophanie  acid,  on 
the  other  hand,  yields  a red  solution  with  con- 
centrated sulphuric  acid  and  dilute  sodium 
hydroxide  (Liebermann  and  Seidler,  Ber.  11, 
1603).  Another  method  to  distinguish  chrysa- 
robin from  chrysophanie  acid  is  to  mix  0'05  gram 
with  0'2-0‘3  gram  sodium  peroxide  in  a porcelain 
capsule,  add  5 c.c.  of  alcohol,  and  after  5 minutes 
15  c.c.  of  water.  Chrysarobin  yields  a wine-lees 
colour,  not  destroyed  by  dilution  with  water, 
changing  to  yellow  on  the  addition  of  acetic 
acid.  Chrysophanie  acid  yields  a cherry-red 
colour,  becoming  brighter  on  dilution  (Alvarez, 
Ann.  Chim.  anal.  1907,  9).  G.  B. 

CHRYSATROPIC  ACID  v.  Lactones. 

CHRYSAZIN  V.  Alizarin  and  allied 

COLOURING  MATTERS. 

CHRYSENE  CisHia  or 

This  hydrocarbon  occurs  in  the  highest  boiling 
portions  of  coal  tar,  and  in  the  tarry  products 
obtained  in  the  dry  distillation  of  wood,  fats, 
and  oils  (Laurent,  Ann.  Chim.  Phys.  [2]  66,  136). 
Synthetically,  it  can  be  prepared  by  passing 
through  a red-hot  tube  the  vapour  of  benzyl - 
naphthylmethane  (Graebe  and  Bungener,  Ber. 
12,  1078),  or  those  of  cumarone  and  naphthalene, 
which  condense  with  the  loss  of  a molecule  of 
water  (Kraemer  and  Spilker,  ibid.  23,  84),  or 
by  strongly  heating  indene.  For  a eomplete 
synthesis,  see  Beschke,  Winograd-Finkel  and 
Kohres,  Annalen,  384,  143. 

Purification. — Chrysene  is  extracted  from  the 
mixture  of  solid  hydrocarbons  consisting  chiefly 
of  pyrene  and  chrysene,  which  boil  at  a higher 
temperature  than  anthracene,  and  constitute  the 
last  portions  of  the  distillate  from  coal  tar,  by 
repeated  digestion  with  carbon  disulphide  in  the 
cold.  This  treatment  removes  all  the  hydro- 
carbons in  the  mixture  except  chrysene 
(present  to  the  extent  of  18-19  p.c.),  and  this 
is  further  purified  by  crystallisation  from  coal 
oil  (b.p.  150°),  from  which  it  separates  in 
golden-yellow  scales.  The  yellow  colour,  due 
to  an  impurity,  cannot  be  removed  by  repeated 
crystallisation,  but  is  destroyed  by  boiling  with 
alcohol  and  a small  quantity  of  nitric  acid  (Lie- 
bermann, Annalen,  158,  299),  or  most  simply 
by  the  action  of  perchloric  acid  (K.  A.  Hofmann. 
Ber.  43,  1086). 

A second  method  for  obtaining  chrysene 
from  crude  greenish-yellow  anthracene  (m.p. 
207°-208°)  has  been  described  by  Schmidt  (J. 
pr.  Chem.  [2]  9,  250,  270).  For  this  purpose, 
40-50  grams  of  the  anthracene  are  dissolved  in 
5 litres  of  strong  (95  p.c.)  alcohol,  and  the 
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solution,  after  filtration,  is  boiled  with  30  grams 
of  nitric  acid  (sp.gr.  1-4)  in  a reflux  apparatus 
for  some  time.  On  cooling,  red  needles  of  a 
sparingly  soluble  compound  of  chrysene  and 
dinitroanthraquinone  Ci8Hi2,Ci4H6(N02)202 
separate,  which,  when  treated  with  tin  and 
hydrochloric  acid,  decompose  into  chrysene  and 
reduction  compounds  of  dinitroanthraquinone. 
The  hydrocarbon  is  then  obtained  pure  and 
colourless  by  crystallisation  from  benzene. 

Properties. — Ohrysene  crystallises  in  scales, 
or  in  well-defined,  colourless  rhombic  plates, 
which  show  a violet  fluorescence,  melts  at  250° 
and  boils  at  448°  (Schweitzer,  Annalen,  1891, 
193).  It  is  a sparingly  soluble  substance ; 
for  example,  100  parts  of  absolute  alcohol 
dissolve  0’097  part  at  16°,  and  0*17  part  at 
18°,  and  100  parts  of  toluene  dissolve  0’24 
part  at  18°,  and  5 ’39  parts  at  100°  {v.  Bechi, 
Ber.  12,  1978),  whilst  ether,  carbon  disulphide, 
benzene,  and  acetic  acid  dissolve  it  only  to  a 
slight  extent  at  the  ordinary  temperature,  but 
more  readily  on  boiling.  The  solutions,  like  the 
pure  hydrocarbon,  show  a deep  reddish-violet 
fluorescence.  On  adding  chrysene  to  a solution 
of  formaldehyde  and  sulphuric  acid,  a reddish-  i 
violet  colour  is  produced ; this  is  destroyed  by 
the  addition  of  water  (Ditz,  Chem.  Zeit.  31,  445). 
The  absorption  spectrum  of  chrysene  has  been 
studied  by  Baly  and  Tuck  (Chem.  Soc.  Trans. 
1902,  14).  Chrysene  combines  with  dinitro- 
anthraquinone and  with  picric  acid  (trinitro- 
phenol)  to  form  characteristic  compounds  ; the 
picrate  Ci8Hi2,CgH2(N02)30H,  obtained  by 
adding  chrysene  to  picric  acid  in  benzene  solu- 
tion, crystallises  in  long  red  needles,  and  is 
decomposed  by  alcohol  (Liebermann,  Schmidt). 
When  heated  with  concentrated  sulphuric  acid, 
chrysene  yields  a sulphonie  acid,  and  when 
treated  with  nitric  acid,  under  varying  con- 
ditions, yields  mono-,  di-,  and  tetra-nitro 
derivatives  {ibid.),  whilst  chlorine  and  bromine 
convert  it  into  substitution- derivatives  (Schmidt). 
Aminochrysene  is  obtained  by  the  reduction  of 
nitrochrysene  with  phosphorus  and  hydriodic 
acid  (Abegg,  Ber.  1893,  792),  or  with  tin  and 
hydrochloric  acid  (Bamberger  and  Burgdorf, 
ibid.  1893,  1006).  On  oxidation  with  chromic 
acid  in  acetic  acid  solution,  chrysene  is  converted 
into  chrysoquinone  C18H1QO2,  which  crystallises 
in  yellowish-red  needles,  melts  at  235°,  yields 
azines  on  treatment  with  ortho -diamines  (Lie- 
bermann and  Witt,  ibid.  20,  2242),  and  is 
characterised  by  dissolving  in  concentrated 
sulphuric  acid  with  a blue  colour.  On  oxidation 
with  lead  peroxide  in  alkaline  solution  the 
quinone  is  converted  into  /3-phenyl- a-naphthoic 
acid,  from  which  by  elimination  of  carbon 
dioxide,  )8-phenylnaphthalene  is  obtained. 

CHRYSEOLIN  v.  Azo-  COLOTJE.ING  MATTERS. 

CHRYSIN,  1 : 3-dioxyflavone  0i5Hi(,04,  is 
obtained  from  poplar  buds  (Piccard,  Ber.  1874, 
88  ; and  Darier,  ibid.  1894,  21).  It  has  been 
synthesised  by  treating  phloracetophenone  with 
ethyl  benzoate  in  the  presence  of  sodium, 
when  2:4:  6-trimethoxybenzoylacetophenone  is 
formed ; on  boiling  with  hydriodic  acid,  the 
methyl-  groups  are  eliminated,  condensation 
takes  place  with  the  production  of  1 : 3-dioxy- 
flavones  (Emilewicz,  v.  Kostanecki  and  Tambor, 
ibid.  1899,  2448  ; 1904,  3167).  It  is  a yellow 
crystalline  solid,  melting  at  275°.  By  heating 


it  on  the  water- bath  with  methyl  iodide  and 
potassium  methoxide,  tectochrysin,  which  also 
occurs  in  poplar  buds,  is  formed  (Emilewicz, 
Kostanecki  and  Tambor,  l.c.).  Chrysin  is  a 
member  of  the  quercitin  series  (Perkin,  Chem. 
Soc.  Trans.  1896, 1443),  and  dyes  cloth  mordanted 
with  aluminium  a pure  yellow  ; with  chromium, 
an  orange-yellow  ; and  with  iron,  a pale  choco- 
late (Perkin,  ibid.  1897,  818). 

CHRYSOBERYL.  Aluminate  of  beryllium, 
BeAl204,  crystallising  in  the  orthorhombic 
system,  and  used  as  a gem-stone.  It  is  usually 
met  with  in  well-formed  crystals,  which  as  a 
result  of  twinning  often  simulate  hexagonal 
forms,  or  as  rolled  pebbles  in  river  gravels. 
Sp.gr.  3 ’65-3  "75 ; hardness  8|^,  taking  the 
third  place  amongst  minerals,  being  exceeded 
only  by  diamond  and  corundum.  Few  minerals 
are  so  resistant  to  chemical  reagents  as  chryso- 
beryl ; it  is  not  attacked  by  acids  nor  fusible 
before  the  blowpipe,  and  is  decomposed  only 
by  fused  alkalis.  The  colour  ranges  in  various 
shades  of  yellow  and  green.  The  variety 
alexandrite  is  emerald-green  in  daylight,  but 
violet-red  in  lamp-light.  Another  gem  variety, 

I known  as  cymoplmne  or  ‘oriental cat’s-eye,’  shows 
a bluish  milky  band  of  reflected  light  which 
travels  across  the  convex  polished  surface  as 
the  stone  is  moved  about.  Chrysoberyl  occurs 
embedded  in  granite  and  crystalline  schists. 
Material  of  gem  quality  comes  from  Ceylon, 
Brazil,  and  the  Urals.  By  reason  of  its  high 
degree  of  hardness  it  has  occasionally  been  used 
for  jewelling  watch- bearings.  L.  J.  S. 

CHRYSOCOLLA.  A hydrated  silicate  of 
copper,  sometimes  of  importance  as  an  ore  of 
copper.  The  formula  is  usually  given  as 
CuSi03'2H20,  but  the  composition  is  variable, 
the  mineral  often  being  mixed  with  various 
impurities — silica,  alumina,  copper  carbonate 
or  phosphate,  limonite,  &c.  On  these  differ- 
ences in  composition  several  trivial  varieties 
have  been  distinguished  by  special  names. 
The  mineral  is  of  secondary  origin,  occurring 
in  the  upper  portions  of  deposits  of  copper  ores. 
It  forms  encrusting  or  botryoidal  masses,  which 
may  be  vitreous  and  translucent,  resembling 
opal  or  enamel  in  appearance,  or  dull  and 
earthy.  The  colour  ranges  from  bright  green 
to  bright  blue,  and  there  is  a wide  range  in  the 
sp.gr.  2 *0-2 ’8.  Under  the  microscope  it  some- 
times shows  a minutely  fibrous  structure,  and 
small  acicular  crystals  from  Idaho  have  been 
described  (J.  B.  Umpleby,  1914).  Such  material 
is  optically  uniaxial  and  positive  with  refractive 
indices  U57  and  1*46  ; sp.gr.  2*4.  Interbanded 
with  the  microcrystalline  material  is  often 
some  optically  isotropic  material,  and  for  this 
amorphous  equivalent  of  chrysocolla  the  name 
cornuite  has  been  proposed  (A.  F.  Rogers,  1917). 

A variety  known  as  pitchy  copper -ore  (Ger. 
Kupferpecherz),  dark  brown  or  black  in  colour  and 
with  the  appearance  of  pitch,  is  of  some  impor- 
tance as  an  ore  of  copper,  particularly  in  Chile.  It 
consists  of  a mixture  of  chrysocolla  and  limonite. 
Chrysocolla  of  the  more  ordinary  type  has  been 
mined  for  copper  in  South  Anstralia,  Belgian 
Congo,  Chile,  Arizona,  Idaho,  &c.  The  name 
chrysocolla,  from  ypucros,  gold,  and  KoWa,  glue, 
was  applied  by  the  ancients  to  materials  used 
for  soldering  gold,  and  included,  besides  certain 
copper  minerals,  also  borax.  L.  J.  S. 
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CHRYROFORM. 


CHRYSOFORM.  Trade  name  for  dibromo- 
diiodohexametliylenetetramine. 

CHRYSOGEN.  An  orange-coloured  sub- 
stance, containing  more  than  94  p.c.  of  carbon, 
and  said  to  be  a hydrocarbon,  discovered  by 
Fritzsche  (Zeitsch.  Chem.  1866,  139)  in  crude 
anthracene.  It  is  sparingly  soluble  in  the 
ordinary  organic  solvents.  In  sunlight,  its 
solutions  become  rapidly  bleached,  and  yield  a 
colourless  crystalline  compound  which,  on  fusion, 
becomes  orange-yellow. 

CHRYSOIDINESv.  Azo-  COLOURING  MATTERS. 

CHRYSQIN  ^;.  Azo-  COLOURING  MATTERS. 

CHRYSOLITE  v.  Olivine. 

CHRYSONAPHTHAZINE  v.  Azines. 

CHRYSOPHANIC  ACID  {Chrysophmiol)  v. 
Chrysarobin  ; Rhubarb. 

CHRYSOPHENIN  v.  Azo-  COLOURING  MAT- 
TERS. 

CHRYSOPRASE  t’.  Chalcedony. 

CHRYSOTILE  v.  Asbestos  and  Serpentine, 

CHRYSOTOLUAZINE  v.  Azines. 

CHRYSOTOLUIDINE  C21H21N3.  A yellow 
crystalline  base  of  unknown  constitution  (c/. 
Hofmann,  Ber.  2,  380),  occurring  in  the  residue 
obtained  in  fuchsin  manufacture  by  the  arsenic 
acid  method  (Girard,  De  Laire,  and  Chapoteaud, 
Compt.  rend.  63,  964 ; 64,  416).  The  hydro- 
chloride is  a yellow  dyestuff. 

CHRYSYL.  Trade  name  for  zinc  boropicrate 
obtained  by  boiling  together  solutions  of  boric 
and  picric  acids  with  zinc  oxide  ; used  as  an 
antiseptic. 

CHURCHITE.  A hydrated  phosphate  of 
cerium  (CeaOg  51 ‘87  p.c.)  and  calcium,  occurring 
as  grey  fan-like  aggregates  of  acicular  crystals 
encrusting  quartz  and  slate  in  a Cornish  copper 
lode.  Unfortunately  nothing  is  known  of  the 
exact  locality  of  the  mineral.  L.  J.  S. 

CHYMASE  V.  Fermentation. 

CICATRICINE.  Trade  name  for  a solution 
of  thiosinamine,  antipyrine,  and  lucaine  lactate. 

CICUTOXIN  CigHgeOg,  the  poisonous  prin- 
ciple in  water-hemlock  {Cicuta  vagans)  is  con- 
tained in  the  tubers  to  the  extent  of  0*3-0 ’4 
p.c.  It  is  found  also  in  C.  virosa.  It  is  a 
yellow  resin-like  substance  which  readily  decom- 
poses and  polymerises  above  50°  0*9659 

1*5885.  Unites  energetically  with  bromine 

and  ignites  spontaneously  in  contact  with  strong 
nitric  acid.  On  dry  distillation  it  yields  an  oil 
C13H21O2  of  sp.gr.  0*936  at  20°.  Distilled  in  a 
current  of  steam  it  gives  an  oil  C14H22O,  of  a 
pleasant  odour  ; it  gradually  polymerises  to  a 
transparent  semi-solid  resin.  On  oxidation 
with  nitric  acid  cicutoxin  yields  carbon  dioxide, 
oxalic  acid,  hydrogen  cyanide,  isobutyric  acid, 
and  acetyl-2-cyclopentanone,  b.p.  735°/15  mm.. 
Compounds  of  cicutoxin  with  lead,  barium, 
hydrogen  chloride,  ammonia,  bromine,  and  iodine 
are  known.  Cicutoxin  appears  to  be  a deriva- 
tive of  4-pyrone  (Jacobson,  J.  Amer.  Chem.  kSoc 
1915,37,916). 

CIDER  or  CYDER  is  a vinous  beverage  pro- 
duced by  expressing  and  fermenting  the  juice  of 
apples.  Perry  is  a similar  article  made  from 
pears.  The  two  are  very  much  alike  in  character, 
and,  the  principles  of  manufacture  being 
generally  the  same  for  each,  reference  will  be 
made  to  cider  only  in  this  article,  except  when 
occasion  requires  the  special  mention  of  perry. 


The  largest  cider-producing  country  of  the 
world  is  France,  followed  by  England,  Germany, 
the  United  States  and  Canada,  and  it  is  now 
also  produced  in  increasing  quantities  in  other 
countries,  notably  Ireland  and  Australia.  In 
England  the  principal  cider-growing  districts  are 
the  counties  of  Somerset,  Devon,  and  Hereford, 
smaller  quantities  being  made  in  Gloucester, 
Worcester,  Monmouth,  Kent,  and  Norfolk. 
The  mean  annual  production  of  the  United 
Kingdom  is  estimated  at  60,000,000  gallons,  of 
a value  of  about  3,000,000Z.,  including  the  Excise 
Duty  of  4J.  per  gallon. 

The  ordinary  cider  of  commerce  in  England 
is  a beverage  of  widely  varying  character.  It 
may  contain  as  little  as  2 p.c.  or  as  much  as 
8 p.c.  of  alcohol  by  weight,  depending  on  the 
quality  of  the  apples  from  which  it  is  made,  and 
the  process  of  its  manufacture,  particularly  the 
stage  at  which  the  fermentation  has  been  ‘ 
stopped.  Apart  from  its  characteristics  of 
flavour,  body,  and  colour,  cider  may  be  roughly 
divided  into  three  classes  or  grades,  viz.  : 
sweet,  which  has  been  only  slightly  fermented ; 
dry,  well  fermented  ; and  medium,  between  the 
two.  Apple  juice  of  good  average  quality  has  a 
sp.gr.  of  about  1050  to  1055,  corresponding  to 
10-12  p.c.  of  sugar.  As  the  fermentation  pro- 
duces, roughly,  1 p.c.  of  alcohol  from  every  2 
p.c.  of  sugar,  the  following  table  shows  the 
approximate  comparative  composition  of  apple 
j nice,  and  the  three  grades  mentioned  : — ■ 

Sp.gr.  Sugar  Alcohol 
Apple  juice  . 1050-1055  10-12  p.c.  — 

Sweet  cider  . 1025-1035  6-7  2-3  p.c. 

Medium  cider  1015-1025  4-5  3-4 

Dry  cider  . 1000-1010  0-2  5-6 

It  must  be  understood  that  these  figures  are 
only  approximate,  and  show  the  proportions 
of  alcohol  and  sugar  in  cider  made  from  apples 
of  average  quality,  when  the  fermentation  is 
stopped  at  the  sp.grs.  mentioned  and  no  sugar 
is  added. 

The  rough  cider  of  the  farmhouse,  found  in 
the  south-western  counties,  is  of  a very  dry 
grade,  being  fully  fermented,  no  attempt  being 
made  to  check  the  ‘ working,’  while  the  ordinary 
cider  (bottled  and  draught),  found  in  the  average 
hotel  in  cities,  is  a beverage  which  has  been  but 
slightly  fermented,  and  is  of  the  sweet  to  medium 
grade,  the  greatest  public  demand  being  for 
cider  as  a summer  beverage,  light,  sweet,  and 
refreshing.  It  must  not  be  assumed,  however, 
that  all  bottled  cider  is  sweet,  for  it  is  obtain- 
able from  several  firms  of  repute  in  four  well- 
defined  grades — sweet,  medium,  dry,  and  extra 
dry. 

The  raw  material  from  which  cider  is  made 
varies  in  composition  and  character  as  much 
as  the  cider  itself.  The  majority  of  English 
orchards  were  originally  stocked  with  almost 
innumerable  varieties  of  apples  and  pears,  most 
of  them  of  inferior  quality,  for  either  table  use 
or  for  the  manufacture  of  cider  or  perry ; but 
great  improvements  have  of  late  years  been 
made  in  the  planting  and  cultivation  of  the 
orchards,  with  a corresponding  improvement  in 
the  quality  of  the  beverages  produced.  Speak- 
ing generally,  it  may  be  said  that  good  cider 
cannot  be  made  from  any  but  essentially  vintage 
varieties  of  apples,  most  of  which  are  quite 
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unsuited  for  table  use  because  of  their  astringent  ' 
flavour,  due  to  the  large  proportion  of  tannin  i 
they  contain.  The  majority  of  table  varieties  j 
yield  a juice  deficient  in  sugar  and  tannin,  with 
an  excess  of  acidity,  as  compared  with  the 
vintage  sorts,  which  are  cultivated  specially  for 
the  manufacture  of  cider.  This  is  particularly 
applicable  to  perry  pears,  which  are  almost 
invariably  very  astringent  in  taste,  although  it 
is  curious  to  note  that  the  percentage  of  tannin 
they  contain  is  not  exceptionally  high.  To  make 
good  cider,  the  sp.gr.  of  the  juice  should  not  be 
under  1045,  it  should  contain  at  least  045  p.c. 
of  tannin,  which  gives  keeping  and  clearing 
properties,  with  an  acidity  not  exceeding 
0’5  or  0'6  p.c.  of  malic  acid  for  sweet  cider,  and 
0‘3-0’4  p.c.  for  dry,  while  those  substances 
which  constitute  ‘ body,’  consisting  of  mucilage, 
albumen,  salts,  colouring  matter,  &c.,  are  also 
of  importance ; but,  having  been  very  little 
investigated,  it  is  impossible  to  state  definitely 
what  proportions  of  each  are  necessary.  A 
high  sp.gr.  with  a correspondingly  high  sugar 
content,  is  generally  considered  the  most 
important  quality,  but  some  apples  are  known  to 
yield  a juice  high  in  sp.gr.  but  deficient  in  colour 
and  body  (the  two  are  usually  associated), 
while  others  of  a low  sp.gr.  but  rich  in  colour 
and  body,  may  produce  cider  of  better  quality 
than  the  first-mentioned.  Too  much  reliance, 
however,  must  not  be  placed  on  the  mere 
chemical  composition  of  the  juice  as  indicative 
of  the  value  of  an  apple  for  cider  making,  the 
characteristic  flavour  of  the  variety  and  the 
rate  of  fermentation,  which  varies  greatly  with 
different  juices,  being  at  least  equally  important. 

Vintage  apples  are  roughly  divided  into 
three  classes — sharp,  containing  normally  not 
less  than  0*45  p.c.  malic  acid  ; sweet,  containing 
normally  less  than  0‘45  p.c.  of  malic  acid,  and 
0‘2  p.c.  of  tannin ; bitter  sweet,  containing 
normally  less  than  0 45  p.c.  of  malic  acid  and 
more  than  0‘2  p.c.  of  tannin.  The  following 
table  shows  typical  analyses  of  the  juice  of 
several  of  the  best  of  each  class,  together  with 
that  of  a hitherto  unknown  and  unnamed 
variety  recently  found  in  Somerset  (‘  Butleigh 
No.  14  ’),  which  is  of  outstanding  merit : — 


No.  Variety 

Sp.gr. 

Malic 

acid 

Tannin 

Total 

sugar 

1. 

KingstonBlack 

1060 

0-54 

0-126 

12-66 

2. 

Foxwhelp 

1059 

1-04 

0-270 

13-25 

3. 

Cowarne  Red 

1054 

0-65 

0-230 

12-05 

4. 

Sweet  Alford 

1057 

0-14 

0-120 

12-19 

5. 

White  Jersey 

1060 

0-25 

0-190 

13-33 

6. 

Cherry  Norman 

1055 

0-21 

0-354 

12-25 

7. 

Homer . 

1053 

015 

0-240 

11-89 

8. 

Royal  Jersey 

1065 

0-16 

0-380 

15-00 

9. 

Barland 

1054 

0-62 

0-119 

11-32 

10. 

Butt 

1053 

0-66 

0-270 

11-75 

11. 

Oldfield 

1068 

0-80 

0-128 

14-92 

12. 

‘ButleighNo.  14’ 

1104 

0-24 

0-258 

22-22 

Nos,  I,  2,  and  3 are  sharp  varieties  ; 4 and 
5,  sweet ; 6,  7,  and  8,  bitter-sweet ; 9,  10,  and 
11,  perry  pears  ; 12,  a bitter-sweet  of  unusually 
high  quality. 

The  process  of  cider  making  is  of  very 
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ancient  origin,  but  modern  scientific  cider  making 
may  be  said  to  date  from  the  year  1893,  when 
the  Bath  and  West  of  England  Agricultural 
Society  instituted  some  chemical  and  bacterio- 
logical research  into  the  subject,  a work  which 
was  carried  on  by  Mr.  F.  J.  Lloyd  for  some 
seven  years  in  Somerset,  and  has  subsequent^ 
been  continued  on  a more  ambitious  scale  at  the 
National  Fruit  and  Cider  Institute,  associated 
with  the  University  of  Bristol,  under  the  direction 
of  Prof.  B.  T.  P.  Barker,  The  results  of  these 
investigations  form  the  foundation  of  modern 
cider  making,  and  annual  reports  thereon  con- 
stitute the  most  trustworthy  literature  on  the 
subject. 

Whereas  the  quality  of  the  cider  depends 
primarily  on  that  of  the  apples  used,  the  nature 
of  the  product  is  largely  influenced  by  the 
methods  of  manufacture  and  fermentation,  and 
general  management.  To  ensure  good  quality, 
care  of  the  apples  in  the  orchard  is  essential, 
for  no  good  beverage  can  be  made  from  fruit 
which  has  been  carelessly  gathered  or  stored. 
It  should  be  shaken  from  the  trees  when  just 
ripe,  bruising  being  avoided  as  far  as  possible, 
and  stored  in  heaps  (preferably  under  cover  if 
the  weather  be  wet),  until  it  becomes  soft  and 
mellow,  but  not  over-ripe,  care  being  taken  to 
avoid  either  washing  by  rain,  which  results  in 
the  loss  of  sugar  and  yeast ; or  heating,  which 
produces  fustiness  in  the  cider,  as  well  as  a great 
tendency  to  acetic  fermentation.  When  tho- 
roughly mellow,  the  fruit  is  selected  and 
blended  in  the  proportions  necessary  to  give 
the  degree  of  sweetness,  acidity,  and  astringency 
required  for  the  variety  of  cider  it  is  intended 
to  make.  Sweet  cider  is  best  made  from  a 
blend  of  sweet,  sharp,  and  bitter-sweet  apples  ; 
while  dry  cider  should  be  made  from  a blend 
giving  a minimum  of  acidity,  with  only  a 
moderate  proportion  of  tannin.  Very  few 
varieties  of  apples  are  individually  capable  of 
producing  the  finest  cider,  an  appropriate 
blending  being  necessary.  This  does  not  apply 
to  pears  and  perry  making : single  varieties, 
unblended,  usually  giving  best  results.  In  the 
actual  processes  of  grinding  the  fruit  and 
expressing  the  juice,  steam  or  hydraulic  power 
is  generally  used  in  modern  factory  practice, 
but,  apart  from  economic  reasons,  this  has  no 
advantage  over  the  old-fashioned  hand-power 
machinery  of  former  days.  The  fruit  is  ground 
to  a fine  pulp,  called  ‘ pomace,’  which  falls  upon 
the  press,  is  held  together  in  thin  squares  by 
manilla  or  hempen  cloths,  and  is  usually  pressed 
at  once.  In  some  places,  however,  the  pomace 
is  allowed  to  remain  in  tubs  for  12  to  24  hours 
before  pressing,  which  is  said  to  improve  the 
quality  of  the  resulting  liquor,  but  there  seems 
to  be  no  scientific  reason  for  this  custom,  and 
investigations  have  failed  to  show  that  sufficient 
advantages  are  gained  to  compensate  for  the 
work  it  entails.  With  efficient  presses,  about 
75-80  p.c.  of  the  weight  of  apples  is  obtained 
as  juice,  and  about  80  p.c.  in  the  case  of  pears. 
The  most  profitable  means  of  utilising  the  dry- 
pressed  pomace  is  as  cattle  food.  In  France  the 
juice  is  sometimes  extracted  by  the  ‘ diffusion  ’ 
process  in  use  in  the  beet-sugar  industry,  but 
this  does  not  meet  with  general  approval,  and 
has  not  been  adopted  in  this  country.  The 
fresh  juice  is  run  into  casks  or  open  vats  called 
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‘ keeves,’  to  undergo  the  important  process  of 
fermentation,  which  commences  spontaneously 
in  a few  days,  the  time  depending  on  the 
character  of  the  juice  and  the  temperature.  An 
important  question  here  arises  : Shall  the  cider 
be  allowed  to  undergo  a natural  fermentation, 
or  shall  a pure  culture  of  yeast  be  added  to 
dominate  it  ? At  the  present  time  this  is  a 
debatable  point.  While  in  France  and  Germany 
it  is  generally  acknowledged  that  the  use  of 
pure  cultures  improves  the  quality  of  the  liquor, 
and  they  are  largely  used,  in  this  country  and 
America  it  seems  doubtful  whether  the  advan- 
tages of  their  use  are  sufficient  to  compensate 
for  the  extra  expense  and  trouble  involved. 
Pure  yeasts,  isolated  from  the  best  growths  of 
cider  and  wine,  have  been  cultivated  and  added 
in  sufficient  quantity  to  dominate  the  fermenta- 
tion and  prevent  the  various  wild  races  from 
exercising  much  influence.  (Owing  to  the 
difficulty  of  avoiding  a cooked  taste,  sterilisa- 
tion of  the  apple  juice,  even  at  comparatively 
low  temperatures,  is  rather  impracticable.)  The 
general  results  tend  to  show  that  fermentation 
by  suitable  yeasts  give  a somewhat  superior 
product  to  that  obtained  by  natural  fermenta- 
tion ; but  the  full  advantages  are  not  apparent 
until  the  cider  is  about  a year  old,  whereas, 
in  general  practice,  it  is  usual  for  it  to  be  con- 
sumed before  it  attains  that  age.  The  use  of 
pure  cultures  in  the  cider  industry  in  this 
country  is,  for  that  reason,  far  from  general,  and 
it  does  not  seem  likely  to  make  much  head- 
way in  the  present  state  of  our  knowledge  of 
the  subject.  Little  is  known  of  the  various 
species  of  yeasts  naturally  occurring  on  the 
skin  of  the  apple,  which  subsequently  develop 
in  the  cider,  forming  the  ‘ lees  ’ at  the  bottom, 
and  conducting  the  fermentation,  but  the 
largest  number  consist  of  forms  allied  to  the 
Saccharomyces  ElUpsoideus,  S.  Pastorianus,  and 
S.  apiculatus  types.  A fairly  slow  fermenta- 
tion is  generally  desirable,  but,  on  the  other 
hand,  it  is  one  of  the  most  important  points 
in  the  whole  process  that  the  primary  alcoholic 
fermentation  be  vigorous  enough,  and  is  not 
checked  too  soon,  otherwise  the  cider  is  laid 
open  to  the  attacks  of  numerous  undesirable 
organisms,  which  will  show  their  effects  in 
various  ‘ diseases  ’ during  the  following  summer. 
The  ‘ keeving  ’ system  of  fermentation,  in  open 
vats  with  loose  covers,  is  preferable  to  that  in 
closed  casks,  as  the  ‘ head,’  which  is  soon 
thrown  up,  consisting  of  yeasts  and  light 
portions  of  tissue,  can  be  skimmed  off  from  time 
to  time.  It  is  not  advisable,  however,  to  keep 
the  cider  in  the  keeves  longer  than  about  a week, 
lest  incipient  acetic  fermentation  set  in,  and,  as 
soon  as  no  further  head  is  thrown  up,  it  is 
racked  into  closed  casks  to  complete  the  primary 
fermentation.  The  subsequent  conduct  of  this 
important  process  is  governed  by  the  grade  of 
cider  it  is  desired  to  make,  the  hydrometer  being 
in  regular  use  for  watching  the  fall  of  the 
sp.gr.  The  rate  of  fermentation  depends 
partly  on  the  character  and  composition  of  the 
juice,  and  partly  on  the  temperature  ; but  these 
conditions  are  practically  beyond  control. 
Blending  the  apples  to  ensure  the  requisite 
degrees  of  sweetness  and  acidity  in  the  juice  will 
comply  with  one  condition  of  a moderate  rate, 
but  as  the  proportion  of  nitrogenous  matter  is 


of  still  greater  importance,  and  is  a subject  on 
which,  strangely  enough,  little  is  known,  and  no 
reliable  figures  obtainable,  blending  to  ensure 
the  proper  percentage  cannot  be  scientifically 
done  at  present.  Regulating  the  temperature  is 
also  impracticable,  for  a large  quantity  of  cider 
would  have  to  be  handled  in  a very  short  space 
of  time,  and  this  would  be  too  expensive  a 
process.  A large  plant  would  have  to  be  fixed 
up,  which  could  only  be  in  use  a few  weeks  each 
year,  and  possibly  it  might  not  be  required 
at  all.  Whenever  the  sp.gr.  approaches  the 
point  at  which  it  is  desired  to  stop  the  fermen- 
tation, the  cider  is  racked  off  into  clean  casks, 
with  or  without  sulphuring  or  the  use  of  other 
preservative.  This  alone,  however,  is  not 
usually  sufficient  to  stop  fermentation,  unless 
an  excessive  quantity  of  preservative  be  used,  or 
racking  into  sulphured  casks  be  repeated  several 
times.  The  best  known  means,  which  has  the 
advantage  of  adding  no  materials  of  a question- 
able nature  to  the  liquor,  is  to  Alter  it  through 
one  of  the  many  useful  cotton-pulp  filters  now 
on  the  market.  Even  the  use  of  a Alter  is  open 
to  some  objections,  for  it  removes  some  of  the 
body  (probably  of  a colloid  nature)  and  flavour 
from  the  cider.  The  clarification  also  presents 
great  difficulty  with  many  ciders,  neither 
isinglass  finings  nor  boiled  apple  pulp,  which 
are  commonly  used  for  the  purpose,  having  any 
effect,  so  that  the  Alter,  which  clarifies  the  cider, 
and  at  the  same  time  stops  the  fermentation, 
is  preferred,  in  the  absence  of  anything  better,  for 
this  purpose.  Depending  on  various  circum- 
stances, the  cider  is  filtered  and  stored  away  to 
mature  in  casks,  at  any  time  from  two  to  four 
or  even  six  months  from  the  time  of  making. 
If  filtered  perfectly  bright,  and  stored  in  clean 
casks,  kept  well  filled,  it  will  ‘ keep  its  sweets  ’ 
for  a whole  season  or  longer,  with  the  loss  of 
only  a few  degrees  of  sp.gr.,  even  though  it 
may  contain  as  much  as  6 or  7 p.c.  of  ferment- 
able sugar.  During  this  period  of  storage,  it 
mellows  and  develops  its  fragrant  aroma  and 
delicate  flavour,  and  also  loses  a certain  pro- 
portion of  its  acidity  and  astringency.  The 
strongest  and  best  cider  will  keep  in  cask  for 
some  years,  but  that  of  average  quality  is  at  its 
best  within  the  first  year.  It  keeps  best  and 
improves  most  in  bottle,  but  only  cider  of  good 
and  sound  quality  should  be  bottled  ; it  should 
have  an  original  gravity  of  at  least  1050,  should 
undergo  a vigorous  primary  fermentation,  and 
be  perfectly  brilliant  when  bottled.  The  best 
age  for  bottling  is  from  four  to  six  months,  and 
if  not  more  than  a year  old  at  the  time,  it  will 
develop  sparkling  condition  like  champagne 
after  a few  weeks’  storage.  The  carbonating 
process  of  bottling  is  becoming  more  general, 
and  there  seems  to  be  no  objection  whatever 
to  its  use,  some  of  the  best  brands  on  the 
market  having  been  treated  in  this  way. 

Matured  cider  is  liable  to  several  disorders 
or  ‘ diseases,’  the  principal  being  acetification, 
‘ sickness,’  ropiness,  and  blackening.  Like  all 
liquors  of  low  alcoholic  strength,  it  is  particularly 
apt  to  acetify  on  very  slight  provocation,  and 
for  this  reason,  exposure  to  air  at  all  stages  of 
manufacture  is  to  be  avoided.  ‘ Sickness  ’ is 
a recommencement  of  alcoholic  fermentation, 
which  is  set  up  during  the  summer  following 
its  manufacture,  and  may  occur  in  cask  or 
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bottle.  The  cider  becomes  very  turbid,  and 
the  production  of  alcohol  is  accompanied  by 
the  development  of  a most  disagreeable  smell 
and  flavour,  due,  it  is  thought,  to  formation 
of  acetaldehyde,  together  with  an  increase  in 
acidity,  partly  lactic  and  partly  acetic,  which 
renders  the  liquor  quite  undrinkable.  It  is  a 
source  of  great  loss,  for  it  usually  attacks  the 
richest  and  most  fruity  ciders,  and  is  due  to  the 
action  of  several  special  organisms,  contributing 
causes  being  a deficiency  of  malic  acid  in  the 
j uice,  and  a weak  primary  fermentation.  Hopi- 
ness  is  not  so  frequently  met  with,  and  little  is 
known  of  its  causes  in  cider ; but  it  is  generally  I 
found  where  there  is  a deficiency  of  tannin. 
Home  ciders  turn  dark  very  quickly  on  exposure 
to  air,  some  almost  black  in  less  than  half  an 
hour.  This  may  be  due  either  to  an  excess  of 
iron  acquired  from  the  soil  on  which  the  apples 
are  grown,  but  more  often  from  .the  utensils 
used  in  the  making,  or  to  enzymic  action ; the 
use  of  a httle  preservative  often  prevents  its 
development. 

A standard  of  chemical  composition  for 
what  is  sold  as  cider  has  been  formulated  in 
some  countries,  but  not  in  Great  Britain.  Owing  j 
to  the  extreme  variations  in  the  character  and  ! 
composition  of  genuine  cider,  it  is  almost,  if  j 
not  quite,  impossible  to  fix  a definite  chemical 
composition  and  say  that  it  represents  what  i 
should  be  considered  a standard  cider.  For  i 
this  reason,  the  standard  fixed  in  foreign  countries 
is  necessarily  very  low,  but  while  it  probably 
admits  of  a certain  amount  of  adulteration,  it 
no  doubt  acts  as  a check.  It  can  hardly  be 
contended  that  nothing  should  be  sold  as  cider 
wliich  is  not  the  pure  juice  of  apples.  Brewers, 
wine  makers,  and  distillers  are  not  restricted  by 
law  to  the  use  of  malt  and  hops,  grape  juice  and 
malt  respectively,  in  the  making  of  their  pro- 
ducts, so  that  a law  to  limit  cider  makers  to 
the  use  of  apples  only  would  operate  unfairly 
against  them  as  compared  with  the  other  trades 
mentioned.  It  has  been  stated  that  many 
varieties  of  cider  apples  grown  in  this  country 
are  not  capable  of  making  first-class  cider,  and 
the  better  sorts  are  in  too  small  a minority  to 
meet  the  demand.  In  poor  vintage  seasons, 
also,  the  general  quality  is  low,  sugar  being 
deficient  and  acidity  excessive.  It  is  also 
undoubtedly  true  that  cider  made  from  the 
poorer  varieties  of  apples,  and  in  poor  vintage 
years,  is  capable  of  great  improvement  by  the 
addition  of  a certain  proportion  of  cane-sugar 
syrup,  as  is  done  in  the  process  of  ‘ gallisising  ’ 
wines,  to  obtain  the  correct  proportion  of  acidity 
to  sugar.  It  is  difficult  to  say  what  maximum 
proportion  of  this  syrup  should  be  allowed,  but 
there  is  seldom  any  occasion  for  the  use  of 
more  than  10  p.c.  to  make  the  cider  suitable 
for  the  English  market.  The  fact  that  there 
are  so-called  ‘ ciders  ’ on  the  market,  which  are 
innocent  of  a drop  of  apple  juice,  shows  the 
necessity  for  some  sort  of  standard.  Generally 
speaking,  it  may  be  concluded  that  no  cider 
can  be  considered  genuine  which  does  not 
contain  at  least  2 p.c.  of  alcohol  by  weight,  or 
which  does  not  show  an  original  gravity  of 
1045  or  upwards.  Another  vexed  question  is 
that  of  the  use  of  preservatives,  some  people 
contending  that  it  is  impossible  to  do  without 
them,  and  others  that  they  are  not  necessary  if 


the  cider  be  well  and  carefully  made.  There 
is  much  to  be  said  on  both  sides.  Some  makers 
sulphur  their  casks,  thus  adding  a certain 
quantity  of  sulphurous  acid  to  the  cider ; but 
it  is  generally  considered,  though  very  strangely, 
that  this  does  not  constitute  the  addition  of  any 
‘ chemicals.’  Others  use  sulphites  or  salicylic 
acid,  and  justify  their  use  by  the  argument  that 
all  cider,  no  matter  how  carefully  made,  is 
peculiarly  susceptible  to  the  various  ‘ diseases  ’ 
previously  mentioned,  and  has  often  to  be  kept 
under  conditions  which  render  them  unprevent- 
able  by  any  other  known  means,  for  example, 
on  draught  in  a warm  bar,  perhaps  for  some 
weeks.  There  is  certainly  a great  deal  of 
reason  in  this,  and  it  would  probably  be  a 
hardship  to  absolutely  prolubit  the  use  of  any 
preservative ; but,  on  the  other  hand,  they  are 
sometimes  used  in  needlessly  excessive  quanti- 
ties, which,  in  the  interest  of  the  public  health, 
should  be  avoided.  The  consumption  of  cider 
is  rapidly  increasing,  due  partly  to  its  being 
recommended  by  medical  men,  and  if  it  is  to 
hold  its  own  as  a popular,  and  above  all  as  a 
healthful,  drink,  it  must  be  kept  free  from  any 
ingredients  of  doubtful  physiological  effects. 

Appended  are  analyses  of  a few  typical 
ciders  of  well-known  makes  : — 


Description 

Sp.gr. 

Alcohol 

by 

weight 

Total 

acid 

Total 

solids 

Ash 

Sweet  sparkling  . 

1025 

3-65 

0-24 

5*98 

0-245 

Standard  dry 

1006 

4'90 

0-31 

3-25 

0-314 

Standard  sparkling 

1015 

3-90 

0-53 

6-00 

0-360 

Champagne  perry. 

1013 

3-75 

0-35 

4-80 

0-390 

W.  D.  McC. 

CIGNOLIN.  Trade  name  for  1 'S-dihydroxy- 
anthranol.  Used  as  a remedy  for  psoriasis. 
Has  a more  energetic  action  upon  the  skin  than 
its  3-methyl  derivative,  chrysarobin  (q.v.), 
(Unna,  Dermatol.  Wochenschr.  1916,  62, 

Nos.  6-8). 

CINCHOMERONIC  ACID  v.  Bone  oil. 
CINCHONA  ALKALOIDS.  The  Cinchona 
Barks.  1.  Their  Discovery. — The  febrifuge 
properties  of  the  bark  of  the  cinchona  trees 
growing  on  the  slopes  of  the  Andes  was  probably 
known  to  the  native  Incas  long  before  its  cura- 
tive properties  became  known  to  their  Spanish 
conquerors.  The  earliest  mention  of  a ‘ cure  ’ 
is  by  Jussieu  in  1600.  The  introduction  of  the 
bark  to  European  countries  was  due  to  the 
Countess  of  Chinchon,  wife  of  the  Viceroy  of 
Peru,  who  having  been  cured  of  an  attack  of 
fever  at  Lima  in  1638,  on  her  return  to  Madrid 
in  1640,  brought  with  her  some  of  the  precious 
bark,  and  administered  it  to  fever-stricken 
patients  on  her  Spanish  estates.  It  is  in  her 
honour  that  Linnaeus  named  the  species 
‘cinchona.’  For  nearly  200  years  the  drug  was 
administered  in  the  form  of  a decoction  of 
powdered  bark,  and  the  alkaloids  in  it  were 
not  isolated  till  1816,  when  Gomez  discovered 
the  alkaloid  cinchonine,  followed  by  Pelletier 
and  Caventou,  who  isolated  quinine. 

2.  The  natural  Cinchona  Trees  occur  in  a 
long  but  very  narrow  belt  on  the  slopes  of  the 
Andes,  stretching  from  Columbia  in  the  north, 
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through  Ecuador  and  Peru  to  Bolivia  on  the 
south.  For  the  greater  part  of  the  last  century 
the  trees  were  ruthlessly  cut  down  and  the  bark 
stripped  from  them  by  the  Indian  collectors, 
no  attempt  being  made  to  replace  them  or 
cultivate  seedlings,  and  consequently  the 
species  was  being  rapidly  exterminated  when 
more  scientific  methods  were  gradually  intro- 
duced. 

The  trees  were  first  classified  botanically 
by  Weddell,  in  1849,  and  in  1860  John  Eliot 
Howard,  E.B.S.,  brought  up-to-date  and  trans- 
lated the  notes  of  the  Spanish  botanist  Pavon 
(compiled  in  1800),  under  the  title  of  the 


‘ Nueva  Quinologia  of  Pavon,’  and  these  two 
books  still  maintain  their  position  as  the 
standard  works  on  the  subject.  In  1880  Sir 
Clements  Markham  published  a most  compre- 
hensive work  entitled  ‘ Peruvian  Bark,’  and  it 
is  from  this  book  that  the  compilers  of  these 
notes  have  obtained  much  of  their  information. 
The  following  table  shows  the  locality  and  the 
botanical  species  of  the  various  commercial 
barks  on  the  London  market  in  about  1870, 
and  the  analyses  given,  except  when  otherwise 
stated,  were  made  by  the  present  authors,  of 
typical  commercial  samples  which  had  been 
preserved  in  a collection  of  that  date. 


TABLE  I. — The  Natueal  Baeks  of  Commeece  of  1870. 


Typical  analyses 

Percentage  of  alkaloids  present 

Commercial 

Botanical 

Localitv 

Discoverer 

<V 

CO 

name 

name 

•f— M 

PI 

PI 

•1^ 

P3 

‘i-H 

X o 

_o 

'B 

a 

XI 

o 

"3 

PI 'PS 

3 

a =« 

O' 

o 

O' 

o 

H 

Crown 

Cinchona 

Loxa  (S. 

Caldas,  1803 

3-09 

1-34 

0T4 

0-32 

0-59 

5-48 

Barks 

officinalis 

Ecuador) 

J.  E.  H.  (1870) 

Quinine 

. 1-90 

Red 

Cinchona 

Chimborazo 

Condamine, 

Cinchonidine  and  quinidine  P22 

Barks  * 

succirubra 

(Central 

1738 

Cinchonine 

• • 

• • 

. 1-25 

Ecuador) 

Total  alkaloids  . 

. 4*37  p.c. 

Columbian 

Cinchona 

Pitayo 

Mutis,  1772 

Barks 

pitayensis 

(Columbia) 

Hard 

?? 

?? 

2-42 

0-19 

0-82 

0-98 

2-25 

6-66 

Pitayo 

Soft 

?? 

P91 

016 

0-77 

1-28 

1-50 

5-62 

Pitayo 

Soft 

Cinchona 

Santa  Ee 

1-42 

0 36 

0-09 

0-35 

0-65 

2-87 

Colum- 

lancifolia 

and  New 

b i a n 

Grenada 

W.  Coast 

Carthagena 

Cinchona 

Carthagena 

P3I 

0-41 

0-03 

0-07 

0*40 

2 '23 

cordifolia 

and  Gui- 

aquil 

Grey 

Cinchona 

Huanuco 

Renquifo, 

J.  E.  H.  (1862)  ‘ Nearly  2 p.c.  of 

Barks 

nitida 

(N.  Peru) 

1776 

cinchonine 

1 

Cinchona 

J.  E.  H.  (1862)  Cinchonine  2 p. 

c. 

j 

micrantha 

Total  alkaloid  2 '7  p.c 

Cinchona 

J.  E.  H.  (1862)  Quinine  0'45  p.c. 

Peruviana 

Cinchonine  0’9 

p.c. 

Yellow 

Cinchona 

Bolivia  and 

Haenke  and 

2-00 

0‘46 

0-20 

0*56 

0-90 

4T2 

Barks 

calisaya 

S.  Peru 

Cells,  1776 

Note. — The  analyses  marked  J.  E.  H.  are  from  records  of  John  Eliot  Howard.  The  results  must 
be  accepted  with  reserve,  as  at  the  date  mentioned,  the  methods  of  separation  of  the  different 
alkaloids  were  very  rudimentary. 


3.  Transplantation  and  Cultivation.- — In  the 
middle  of  the  last  century  the  necessity  of 
dealing  adequately  with  the  devastations  of 
malaria  in  India  and  the  diminishing  supply  of 
natural  cinchonas,  directed  attention  to  the 


importance  of  their  cultivation  in  suitable 
districts  in  that  country. 

In  1859  Sir  Clements  Markham  organised 
expeditions  to  South  America  for  the  purpose  of 
securing  seeds  of  all  the  cinchonas  then  of 
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commercial  importance.  He  himself  headed 
a search  for  calisaya  seeds  in  Peru  and  Bolivia. 
Spruce  collected  succhubra  in  Ecuador,  while 
Pritchett  was  responsible  for  the  grey  barks  of 
Huanuco  in  Peru.  In  order  to  complete  the 
series  further  expeditions  under  Cross  were 
carried  out  in  1861  for  officinalis  bark  from 
Loxa  (S.  Ecuador),  in  1868  for  Pitayo  bark  from 
Columbia,  and  a final  search  in  1877  for  soft 
Columbian  and  Carthagena  barks. 

Markham’s  narrative  of  these  expeditions 
tells  of  the  immense  difficulties  which  were 
surmounted  by  these  public-spirited  pioneers, 
not  only  from  the  actual  hardships  of  the  expedi- 
tions, but  also  from  the  suspicious  and  often 
actively  hostile  attitude  of  the  Indians,  and  to 
crown  all,  the  problem  of  transporting  the 
collections  to  the  coast,  and  carrying  them 
alive  to  England,  and  subsequently  through  the 
Red  Sea  to  India. 

All  these  difficulties  were,  however,  overcome, 
and  a large  proportion  of  the  seedlings  survived 
the  ordeal  and  were  successfully  planted  in  the 
Nilgiri  Hills  in  1861,  under  the  superintendence 
of  Macivor.  The  cultivation  of  cinchona  in 
India  from  Macivor’s  seedlings  rapidly  spread, 
and  plantations  were  established  by  private 
owners  in  the  Nilgiris,  and  in  the  Palnai  Hills 
of  Travancore.  In  1865  plantations  were 
estabhshed  at  Hakgala  in  Ceylon  and  in  Coorg, 
followed  shortly  after  by  further  enterprises 
at  Wainad,  Mysore  ; Darjiling  in  Sikkim  ; and 
the  Karen  HiUs  in  Burmah.  Macivor  intro- 
duced two  methods  of  harvesting  the  bark  : — 

1.  Coppicing  and  allowing  the  tree  to  shoot 
again  from  the  same  trunk  ; and 

2.  ‘ Renewing  ’ by  mossing.  In  the  latter 
process  the  bark  was  removed  in  longitudinal 
strips  about  an  inch  wide,  leaving  a space 
untouched  between  each  strip  denuded  of  bark. 
The  tree  was  then  bound  round  with  moss  and 
the  bark  allowed  to  ‘ renew  ’ and  cover  the 
wounds.  This  method,  although  more  laborious 
than  coppicing,  largely  increased  the  yield  of 
each  tree.  David  Howard  (J.  Soc.  Chem.  Ind. 
1906,  26,  97)  states  that  renewed  bark  is  richer 
in  alkaloids  than  the  original,  and  that  the 
proportion  of  quinine  to  other  alkaloids  is 
increased. 

In  1880,  when  Markham’s  book  was  pub- 
lished, the  Indian  plantations  gave  every 
promise  of  becoming  the  main  source  of  supply 
for  the  markets  of  the  world.  The  fact  that 
India  does  not  find  herself  to-day  in  that 
fortunate  position  is  shown  in  the  following- 
table,  and  the  cause  in  the  next  paragraph. 

A summary  of  sources  of  bark  sold  in 
European  markets  : — 


Columbia 
Bolivia,  Peru, 
Ecuador  . 
India  . 

Java  . 

J amaica 
Africa 


In  1880 
6,000,000  lbs. 

960,000  lbs. 
1,170,000  lbs. 

70.000  lbs. 

21.000  lbs. 
nil. 


In  1911 

35,200  lbs. 

458,600  lbs. 
19,778,000  lbs. 
nil. 

25,400  lbs. 


The  explanation  obviously  rests  on  the  rise 
of  Java  as  the  greatest  cinchona  producer,  and 
it  is  therefore  necessary  to  sketch  briefly  the 
history  of  this  wonderful  success  of  the  Dutch 
in  their  principal  colony. 


The  first  attempt  at  cultivation  in  Java  in 
1852  ended  in  complete  failure  through  the 
poor  alkaloid-producing  characteristics  of  the 
varieties  of  einchonas  of  which  seedlings  were 
secured  from  South  America  ; the  only  trees  pro- 
ducing a tolerable  yield  being  a small  number 
obtained  from  Macivor’s  plantations  in  the 
Nilgiris.  In  1855,  however,  Charles  Ledger 
secured  some  seeds  of  Cinchona  calisaya,  half  of 
which  were  planted  in  India  and  half  in  Java. 
Those  in  India  failed,  owing  either  to  the 
climatic  conditions  or  the  mismanagement  of  the 
plantations  after  Macivor’s  death.  Those  in 
Java,  however,  flourished  exceedingly,  and  have 
produced  a wonderful  strain  of  trees,  which,  by 
skilful  scientific  cultivation,  have  produced,  and 
are  producing,  bark  containing  up  to  10  p.c.  of 
quinine,  and  which  have,  therefore,  far  surpassed 
any  other  variety  in  its  market  value  from  a 
manufacturing  standpoint. 

4.  Hybridisation  and  Grafting,  — David 
Howard  (J.  Soc.  Chem.  Ind.  1906,  25,  97)  deals 
with  the  effect  of  hybridisation  (partly  deliberate 
and  partly  accidental)  on  Java  barks,  and 
mentions  a very  common  hybrid  of  commerce 
known  as  Robusta,  a hardy  growth,  which 
nearly  rivals  Ledgeriana  in  its  alkaloid  value. 
Regarding  grafting,  he  states  that  the  ‘ Enten 
Baast’  of  commerce,  from  Java,  is  the  result  of 
grafting  Ledgeriana  on  to  a Succirubra  stock, 
the  bark  from  branches  giving  the  characteristics 
of  Ledgeriana,  while  the  root  bark  retains  the 
proportion  of  alkaloids  common  to  Succirubra. 

From  a large  experience  of  analysis  of 
samples  from  different  parts  of  the  same  cinchona 
trees,  he  found  that  the  elaboration  of  alkaloid 
takes  place  solely  in  the  downward  course  of 
the  sap,  and  that  the  percentage  of  alkaloid 
increases  in  the  bark  from  the  twigs  down  the 
stem  to  the  ground  ; in  the  less  flourishing  trees 
the  root  bark  being  richest  in  alkaloid  value, 
but  of  this  alkaloid,  the  proportion  of  quinine 
and  cinchonidine  is  lower,  while  that  of  cincho- 
nine and  quinidine  is  higher. 

5.  The  Commercial  Aspect. — In  the  same 
paper  David  Howard  shows  that  the  conquest 
of  the  world’s  markets  by  the  Java  planters 
was  due  to  the  careful  and  scientific  work  of 
Moens  and  others  in  the  cultivation  of  the 
phenomenally  rich  Ledgeriana  to  the  exclusion 
of  the  lower  alkaloid-producing  varieties,  which 
enabled  the  Dutch  growers  to  hold  on  during  a 
period  of  about  20  years  of  bitter  competition 
and  low  prices,  which  gradually  ousted  a large 
number  of  the  older  established,  but  less  scienti- 
fically managed,  Indian  plantations  from  the 
market. 

To  emphasise  the  effect  of  successful  Java 
cultivation  the  table  given  below  shows  two 
analyses  : A,  typical  of  the  very  best  natural 
Calisaya  bark  produced  from  wild  trees  in 
about  1865  ; and  B,  of  a typical  good  quality 
cultivated  Ledgeriana  bark  sold  in  Amsterdam 
in  May,  1914  : — 

Cincho-  Quini-  Cincho- 

Quinine  nidine  dine  nine  Amor-  Total 

p.c.  p.c.  p.c.  p.c.  phous'  alkaloids 

A 3-615  0-75  0-165  0-34  0-93  5-80 

B 7-92  0-105  0-08  0-085  0-91  9-10 

This  shows  the  triumph  of  skilful  cultivation 
in  producing  an  enormous  alkaloid  yield  of 
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almost  pure  quinine,  over  the  best  unaided 
efforts  of  nature, 

6.  Other  Bark-producing  countries  only  re- 
quire a passing  mention.  The  barks  formerly 
produced  by  Jamaica  and  Mexico  have  dis- 
appeared from  the  market.  The  Portuguese 
possessions  in  West  Africa  produce  bark  regu- 
larly, the  best-known  source  being  the  island 
of  St.  Thome.  South  America  still  produces  a 
considerable  amount  of  bark,  presumably  now 
entirely  from  cultivated  and  not  natural 
sources.  A start  was  made  shortly  before  the 
war  in  German  East  Africa,  and  although  the 
plantations  are  at  present  small,  the  analysis 
of  the  samples  shown  below,  if  they  can  be 
regarded  as  typical,  indicate  very  promising 
conditions,  being  in  quality  well  up  to  the  best 
Java  production. 

Percentages  oe  Alkaloids  Present. 


Samples  from 
German  East 
Africa 

Quinine 

Cinchonidine 

Cinchonine 

Quinidine 

Amorphous 

alkaloid 

Total 

alkaloids 

Ledgeriana 

3-81 

0-00 

0 04 

0-00 

115 

5-00 

Hybrid 

8-41 

0-00 

0*97 

0-00 

1-92 

11-30 

Succirubra 

2-54 

2-05 

2-14 

0 00 

1-59 

8-32 

Bobusta  . 

2-66 

3*51 

0-28 

0-00 

1-16 

7-61 

7.  Other  Trees  producing  Cinchona  Alkaloids. 
— Two  other  varieties  of  trees  must  be  mentioned 
which,  although  belonging  to  the  Pemijia 
species,  and  not  being  botanically  cinchonas  at 
all,  yet  contain  alkaloids  of  the  cinchona  group, 
which  will  be  mentioned  below. 

Bark  of  the  Pemijia  pedunculata,  known  as 
‘ Cuprea  Bark,’  was  sold  in  considerable  quanti- 
ties on  the  London  market  in  the  early  'eighties, 
and  its  analysis  is  interesting,  as  being  the  only 
natural  bark  known  which  contains  quinine  | 
and  other  alkaloids  (including  the  rare  alkaloid  I 
cupreine),  but  absolutely  no  cinchonidine. 

The  Pemijia  Purdieana  contains  interesting 
but  rare  members  of  the  family  of  cinchona 
alkaloids,  viz.  cinchonamine,  chairamine,  con- 
chairamine,  chairamidine,  and  conchairamidine, 
the  peculiar  properties  of  which  will  be  mentioned 
later. 


Pemijia  Pedunculata  ( ‘Cuprea’)  Bark. 


Sample  A 

B 

c 

Quinine  alkaloid 

1-38 

1-27 

1 1 *90 

Cupreine 

Oil 

0-05 

Quinidine 

0-40 

0-41 

0-25 

Cinchonine 

0-22 

0-26 

0-27 

Cinchonidine 

nil 

nil 

nil 

Amorphous  . 

1-31 

1-01 

M7 

Total  alkaloid 

3-42 

3-00 

2-89 

Pemijia  Purdieana  Bark. 

Cinchonamine  nitrate  . . 0'30  p.c. 

Nitrate  of  other  paricine  bases  3 '30  „ 


There  is  one  variety  of  cinchona  which, 
although  valueless  from  a commercial  point  of 
view,  since  it  contains  none  of  the  four  alkaloids 
of  commerce,  has  yet  provided  a considerable 
field  for  research,  as  several  rare  members  of 
the  cinchona  alkaloid  family  have  been  extracted 
from  it.  It  is  described  by  Markham  under  the 
name  of  Pubescens,  but  was  also  called  Pelle- 
teriana  (after  the  discoverer  of  the  quinine 
base)  affd  Cusco  bark  in  commerce. 

It  would  appear  to  have  been  widely  dis- 
tributed over  the  forests  of  Peru,  and  was  found 
to  be  growing  freely  by  Markham  in  the  Caia- 
vaya  district.  The  alkaloids  isolated  from  it 
are  cusconine,  cusconidine,  cuscamine,  cuscami- 
dine  and  aricine  (called  after  Arica,  the  coast 
town  from  which  it  was  exported). 

Before  leaving  the  subject  of  barks,  the  tree 
Aspidosperma  Quebracho,  a member  of  the 
Apocynaceee,  must  be  mentioned.  This  was 
considered  by  Hesse  (Annalen,  1870,  154,  287) 
to  be  identical  with  the  Quina  Blanca  of  Mutis, 

Two  alkaloids  have  been  extracted  from  it, 
Paytine  and  Paytamine  (so  called  from  the 
port  Payta  in  North  Peru),  which  although  not 
actually  classified  under  any  group  of  cinchona 
alkaloids,  have  a very  similar  empirical  formula, 
and  possess  certain  febrifuge  properties  which 
justify  their  inclusion  under  this  heading. 

Principles  of  Cinchona  Barks. — The  following 
are  the  names  and  formulse  of  the  alkaloids 
occurring  naturally  in  these  barks,  isomeis 
being  bracketed  together  : — 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 


Cinchonine 
Cinchonidine 

Cinchonicine  (cinchotoxin) 

Hydrocinchonine  (cinchotine)  ] 
Hydrocinchonidine  (cinchami- 1. , tt  nxi 
dine) 

Cinchonamine  j 

Cupreine  CjgHgaOgNa 
Quinamine  \n  xr  n m 

Conquinamine  / 2 

Quinine  I 

Quinidine  >C2nH2402N2 

Quinicine  (quinotoxin)  ) 

Hydroquinine  u O N 

Hydroquinidinej  ^ ^ 

Chairamine  i 

Conchairamine  (n  xr  n m 
Chairamidine  | ^ ^ 

Conchairamidine  j 
Aricine  ) 

Cusconine  [C23H26O4N2 
Concusconine ) 

Dicinchonicine  C38H42ON4 
Diquinicine  (diconquinine)  C4oH4g03N4 
Javanine  1 

Cusconi^ne  (fQ^jj^ultB  not  determined 
Cuscamine  j 

Cuscamidine  j 

Paricine  CigHigONa 


These  are  combined  in  the  bark  mainly  as 
quinates  and  cinchotannates  with  quinic  acid 
C7Hi20g,  and  cinchotannic  acid  C14H18O9 ; 
the  former  occurring  to  the  extent  of  5-8  p.c., 
and  the  latter  3-4  p.c.  in  the  barks.  Quinovic 
acid  C32H40O6  and  oxalic  acid  (as  the  calcium 
salt)  are  also  present  in  small  amounts.  The 
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qiiinates  are  soluble  in  water,  but  the  cinchotan- 
nates  only  slightly  soluble,  dilute  acids,  however, 
decomposing  them  and  effecting  solution. 
The  colouring  matter  in  the  bark  is  cinchona- 
red  C12H14O7,  occurring  to  as  much  as  10  p.c. 
It  is  soluble  in  alkalis,  being  reprecipitated  by 
acids.  Two  glucosides,  a-quinovin  and  )8- 
quinovin,  are  usually  present  in  all  cinchonas, 
and  give  on  hydrolysis  quinovic  acid  and 
quinovose,  a sugar  isomeric  with  rhamnose 
(Liebermann  and  Giesel,  Ber.  1883,  16,  926). 
The  neutral  bodies,  cinchocerotine,  and  the 
isomers,  cupreol  and  cinchol  C20H34O  + H2O 
(Hesse,  Annalen,  1884,  228,  288 ; 1886,  234, 
375),  together  with  cholestol  (Thoms,  Arch. 
Pharm.  1897,  235,  39),  appear  to  be  constant 
constituents  of  cinchona  barks. 

The  ash  of  these  barks  falls  usually  between 
3 p.c.  and  4 p.c.,  a curious  fact  being  that  the 
greater  the  altitude  at  which  the  bark  is  grown 
the  higher  is  the  ash.  In  Indian  barks  the 
highest  ash  is  found  in  Crown  barks  grown  at 
7000-8000  feet  above  the  sea,  falling  in  red 
barks  grown  at  5000-6000  feet,  a minimum  ash 
being  found  in  Ledger  bark,  which  grows  at  an 
altitude  of  3000-5000  feet  (Hooper,  Pharm.  J. 
1886,  17,  545). 

ConstMution  of  the  Cinchona  Alkaloids. — 
Only  a short  account  of  the  great  amount  of 
work  done  on  this  subject  can  be  given  here  ; 
for  fuller  details,  consult  ‘ Vegetable  Alkaloids,’ 
by  Pictet  (Biddle,  1904),  ‘ Die  Konstitution  der 
Chinaalkaloide,’  by  Comanduci  (Sammlung 
chem.  u.  chem.  Vortrage,  1911,  16  ; Bande,  4-7), 
and  Babe’s  and  Kaufmann’s  articles  in  the 
Berichte  and  Annalen  since  1907. 

The  constitution  of  cinchonine  has  been  the 
most  fully  investigated  of  these  alkaloids,  and 
its  relation  to  the  other  common  alkaloids  being 
simple,  it  is  an  easy  matter  to  deduce  their 
constitution  from  that  of  cinchonine. 

Cinchonine  C19H22ON2  is  a ditertiary  base 
forming  dAalkyl  iodide  addition  products.  On 
distillation  with  potassium  hydroxide  it  gives, 
as  the  main  product,  quinoline,  and  a smaller 
amount  of  lepidine  (4-methylquinoline),  showing 
that  cinchonine  has  a methylquinoline  nucleus. 
Cinchonine  may  therefore  be  written 

CgHeN-CjoHieON 

On  treatment  with  the  halogens,  or  haloid  acids, 
it  forms  addition  products,  taking  up  2 atoms 
of  halogen  or  1 molecule  of  acid,  a fact  pointing 
to  the  presence  of  a vinyl  group.  By  the  action 
of  permanganate  in  the  cold,  a body,  cinchote- 
nine,  which  does  not  contain  the  vinyl  group, 
is  formed,  and  an  atom  of  carbon  is  split  off 
as  formic  acid,  thus  : 

C9H6N-C8Hi30N(CH  : CH2)+40 
Cinchonine 

CgHfiN-CsHigON-COOH+H-COOH 

Cinchotenine  Formic  acid 

The  vinyl  group  probably  exists,  therefore,  in  a 
side  chain.  Cinchonine  and  cinchotenine  both 
contain  a hydroxyl  group,  giving  mono-acetyl 
derivatives.  This  completes  the  knowledge  of 
the  simpler  groups  in  cinchonine,  which  can  now 
be  written  C9HgN’C8Hi2(OH)(CH  : CH2)N.  There 
remains  the  constitution  of  the  CgH^g  portion 
to  be  elucidated,  together  with  the  positions  of 
the  hydroxyl  and  vinyl  groups. 

VoL.  II.— T, 


I Now,  on  oxidising  cinchonine  with  chromic 
acid,  the  molecule  is  split  in  two,  yielding  about 
one-half  its  weight  of  cinchonic  acid  C40H7O2N 
(4-carboxyquinoline)  ; and  about  half  its  weight 
of  a syrupy  mass  consisting  of  a primary  body, 
meroquinene  C8Hi4‘COOH-N,  and  its  secondary 
oxidation  products,  cincholoiponic  acid 

CeH44(COOH)2N 

and  loiponic  acid  C5H9(COOH)2N.  Cinchoninic 
acid  is  evidently  the  product  of  the  methyl- 
quinoline nucleus,  and  the  other  three  acids  the 
product  of  the  ‘ second  ’ half  of  cinchonine. 
The  primary  oxidation  product  of  the  ‘ second  ’ 
half,  meroquinene,  throws  much  light  on  the 
constitution  of  this  portion  of  the  cinchonine 
molecule,  and  is  known  to  have  the  formula  : 

CH-CH2-COOH 
CH2/\cH-CH  : CH2 

CH2L  JcH, 


NH 

Now  meroquinene  is  a secondary  base,  but  as 
cinchonine  is  ditertiary,  meroquinene  must  be 
derived  from  a portion  of  the  ‘ second  ’ half, 
having  the  formula  : 

CH-CH2-C= 

CH2/\cH-CH  : CH2 

CH2l^yCH2 

N 

This  and  the  quinoline  portion  account  for 
C48H49N2  of  the  cinchonine  molecule,  and  there 
remains  but  CH2(OH),  for  which  positions  must 
be  found. 

On  heating  cinchonine  with  acetic  acid  it 
undergoes  isomeric  transformation  into  cinchoni- 
cine,  a molecular  rearrangement  in  which  the 
hydroxyl  group  vanishes,  and  a carbonyl  group 
appears,  the  tertiary  character  of  the  ‘ second  ’ 
half  becoming  secondary  at  the  same  time. 
This  is  a change  which  Babe’s  researches  have 
shown  to  be  effected  by  this  grouping  : — 


-CH(OH)— CH— N- 


— CO— CH,  NH 


This  supplies  the  last  link  required  in  the 
cinchonine  molecule,  which  may  now  be  formu- 
lated as  the  basis  of  the  cinchona  alkaloids  : — 


(2)  (1) 


X 


CH2— CH— CH-B 


CH. 


N 


CH. 


CH(OH)— CH— N 
(4)  (3) 


-CH. 


In  cinchonine,  cinchonidine,  cinchonicine, 
quinine,  quinidine,  and  quinicine  B=;  — CH  : CHg. 

In  hydrocinchonine,  hydrocinchonidine,  hy- 
droquinine, and  hydroquinidine  B= — CHg'CHg. 

In  cinchonine,  cinchonidine,  cinchonicine, 
hydrocinchonine,  and  hydrocinchonidine  X=H. 

In  quinine,  quinidine,  quinicine,  hydroqui- 
nine, and  hydroquinidine  X=OCH3. 

In  cupreine  X = OH  (with  phenolic  proper- 
ties). 
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Cinchonicine  and  quinicine  have  the  ketonic 
grouping  at  carbon  4,  as  indicated  aboye. 

The  numbered  carbon  atoms  are  asym- 
metric ; and  the  isomerism  among  these  alkaloids 
is  frequently  due  to  the  spatial  arrangement 
around  the  carbon  atom  3,  since  the  asymmetry 
of  the  other  three  carbon  atoms  1,  2,  and  4 may  be 
destroyed  without  interfering  with  the  isomerism 
of  the  products  (Rabe,  Annalen,  1910,  373, 
85). 

It  may  be  noted  here  that  in  the  d^tertiary 
bases  fluorescence  only  occurs  in  those  in  which 
X= OCH3,  or  a higher  alkyl  group.  The  toxicity 
of  these  alkaloids  also  appears  to  increase  as 
the  alkyl  group  in  the  X position  increases  from 
methyl  to  octyl. 

The  known  conversions  of  one  alkaloid  into 
another  may  be  given. 

Cinchonine  or  cinchonidine  on  heating  with 
moderately  strong  sulphuric  acid  is  converted 
to  cinchonicine ; quinine  or  quinidine  yielding 
on  similar  treatment  quinicine  (Pasteur,  Compt. 
rend.  1853,  37,  110,  166). 

By  heating  cinchonine  in  amyl  alcohol 
solution  with  potassium  hydroxide  part  is 
converted  to  cinchonidine  (Kbnigs  and  Husman, 
Ber.  1896,  29,  2185). 

Cupreine  is  converted  to  quinine  by  heating 
at  100°C.  under  pressure  with  sodium  and 
methyl  chloride  in  methyl  alcohol  solution 
(Grimaux  and  Arnaud,  Compt.  rend.  1891,  112, 
776,  1364).  Similarly,  higher  alkylated  bodies 
may  be  prepared.  Hydroquinine,  when  heated 
under  pressure  to  140°  with  hydrochloric  acid, 
sp.gr.  1*125,  or  boiled  with  hydrobromic  acid 
sp.gr.  1*49,  or  hydriodic  acid  sp.gr.  1*7  is  con- 
verted to  hydrocupreine,  its  methoxyl  group 
being  replaced  by  —OH  (Hesse,  Annalen, 
1887,  241,  255 ; Pum,  Monatsh.  1895,  16, 
73). 

The  hydro-  bases  (in  which  R = — CH.,*CH3) 
may  be  prepared  from  their  respective  un- 
saturated alkaloids,  dissolved  in  dilute  sulphuric 
acid,  by  the  action  of  hydrogen  under  pressure 
in  the  presence  of  palladium  black  (Eng.  Pat. 
3948,  Feb.  16,  1912).  Cinchonicine  has  been 
converted  to  cinchonine  by  Rabe  (Ber.  1908,  41, 
67;  1911,44,2088). 

Kaufmann  and  Huber  have  converted 
hydrocinchonicine  into  a mixture  of  hydro- 
cinchonine and  hydrocinchonidine  (Ber.  1913, 
46,  2913). 

No  comj)lete  synthesis  of  any  of  the  cinchona 
alkaloids  has  been  effected,  although  bodies 
very  closely  related  to  them  both  in  structural 
formulae  and  medicinal  properties  have  been 
obtained  (Ber.  1913,  46,  1032  and  1823  ; 1917, 
50,  144).  Robinson  has  suggested  by  an 

ingenious  method  a possible  phytosynthesis  of 
these  bases  from  formaldehyde,  ammonia,  and 
an  acetone  derivative.  It  is  interesting  to  note 

O 

that  Perkin  discovered  the  aniline  dyes  whilst 
trying  to  synthesise  these  bases. 

Therapeutic  Value. — The  first  work  of 
importance  on  the  comparative  therapeutic 
effect  of  the  various  alkaloids  was  in  1868, 
when  an  Indian  medical  commission  reported 
on  the  relative  efficiency  of  the  four  principal 
alkaloids  then  commercially  obtainable  in 
the  treatment  of  malaria.  This  commission 
placed  the  alkaloids  in  the  following  order  of 
efficiency  : 


. , j Quinine. 

\ Quinidine. 

3rd  Cinchonidine. 

4 th  Cinchonine. 

At  about  the  same  time,  J.  E.  Howard 
reported,  as  a result  of  his  administration  to 
patients  suffering  from  the  mild  English  malaria 
or  ague  still  common  at  that  time  in  the  Essex 
marshes,  that  he  considered  quinine  and  cincho- 
nine equally  effective,  and  cinchonidine  and 
quinidine  somewhat  less  satisfactory.  Of  late 
years  the  researches  establishing  the  constitu- 
tional formulae  of  these  alkaloids  has  led 
pharmacologists  to  study  the  particular  arrange- 
ment of  the  groups  in  the  molecule  which  has 
the  greatest  effect  in  malaria  prophylaxis  and 
other  uses  of  quinine,  and  these  researches, 
though  at  present  incomplete,  are  being  actively 
pursued  in  various  directions. 

The  modem  uses  of  the  cinchona  alkaloids 
may  be  divided  roughly  under  four  headings. 

1.  In  small  doses  as  a tonic  and  stomachic. 

2.  As  an  antimalarial  remedy,  acting  as  an 
agent  that  will  destroy  the  malaria  parasite. 
The  most  comprehensive  work  hitherto  published 
is  that  of  Major  A.  C.  MacGilchrist  (Indian 
Journal  of  Medical  Research,  1914,  2,  315  and 
516  ; 1915,  3,  1). 

About  one-third  of  the  quinine  ingested 
undergoes  cleavage  of  the  molecule  in  the  body, 
but  whether  it  is  this  decomposed  portion  or 
the  remaining  two-thirds  of  the  dosage  which 
possesses  its  antimalarial  properties  appears 
not  as  yet  to  have  been  determined.  The 
cleavage  would  appear  to  be  the  breaking  off  of 
the  ‘ loiponic  ring  ’ (or  second  half)  from  the 
quinoline  ring  portion  of  the  molecule,  the  former 
yielding  some  such  nucleus,  as  is  described  by 
Koenigs  under  the  name  of  ethyl- quinuclidine 

CH 

HaC^H^  CHC2H5 

I 

CH2 


It  would  appear  that  the  methoxy  group 
or  — OCH3  side  chain  of  quinine  and  hydro- 
quinine render  the  specific  action  greater  than 
those  alkaloids,  such  as  cinchonine  and  cupreine, 
which  do  not  possess  it.  Following  up  this 
side  chain  theory,  efforts  have  been  made  to  prove 
that  by  increasing  the  value  of  this  group  as  in 
ethyl  hydrocupreine,  or  its  more  highly  alkylated 
homologues,  the  antimalarial  effect  is  still 
further  increased.  Results  have  not  so  far  been 
very  conclusive,  and  the  point  remains  to  be 
established  in  the  future. 

Another  channel  in  which  much  investiga- 
tion has  recently  been  conducted  is  in  the 
quinotoxin  group  of  compounds.  These  have 
for  many  years  been  administered  as  a febrifuge 
under  the  name  of  quinoidine,  which  is  really  a 
mixture  of  quinicine,  cinchonicine,  diquinicine, 
and  dicinchonicine.  The  present  researches, 
which  are  being  carried  out  with  the  individual 
bases  obtained  in  as  pure  a state  as  possible, 
depend  upon  the  theory  that  the  quinicine  or 
quinotoxin  molecule,  for  instance,  owing  to 
the  opening  up  of  the  ‘ loiponic  ring,’  possesses 
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a greater  specific  action  than  the  corresponding 
‘ saturated  ’ molecule. 

These  researches  are  still  incomplete,  but  if 
the  fact  were  established  that,  owing  to  its 
increased  specific  action,  quinotoxin  could  be 
administered  in  a very  much  reduced  dosage  as 
compared  with  quinine,  then  owing  to  the  com- 
parative simplicity  of  its  preparation,  it  might 
well  form  a formidable  rival  to  the  natural 
alkaloids  of  commerce. 

3.  In  treatment  of  Pneumonia. — Most  of  the 
work  in  this  direction  appears  to  have  followed 
the  ‘ side-chain  theory,’  and  to  have  been  carried 
on  with  ethyl  hydrocupreine  which  was  before 
the  war  manufactured  in  Germany  and  sold 
in  small  quantities  on  this  market  under  the 
registered  name  of  ‘ Optochin.’  No  work  has, 
up  to  the  present,  been  published  to  show 
whether  a further  increase  in  the  side  chain  to 
the  higher  homologues  renders  this  treatment 
more  effective. 

Apparently  the  results  obtained  up  to 
August,  1918,  do  not  show  any  marked 
superiority  over  the  ordinary  commercial 
alkaloids. 

4.  As  an  Antiseptic  in  the  treatment  of  Wounds. 
— A considerable  amount  of  work  has  been 
done  in  Germany  on  the  use  of  the  higher 
alkylated  homologues  of  the  hydrocupreine 
series  as  a wound  treatment  in  war  surgery. 
Prof.  Klapp,  following  on  the  work  of  Morgenroth 
and  Tugendreich  (Pharm.  Zeit.  Nov.  7,  1917, 
603  ; and  Deut.  Med.  Woch.  1917,  44),  claims 
that,  by  lengthening  the  side  chain  as  far  as  the 
isoctyl  member  of  the  hydrocupreine  series,  he 
ha^  obtained  an  antiseptic  superior  to  any 
known  wound  dressing.  He  claims  that  this 
compound  has  20  times  the  power  of  quinine, 
and  10  times  that  of  ethyl- hydrocupreine,  in  the 
destruction  of  streptococci. 

These  comparative  results  are  quoted  as 
having  been  obtained  ‘ in  vitro,’  and  must 
therefore  be  accepted  with  reserve  ; and  time 
alone  will  show  whether  this  treatment  will 
really  be  found  to  be  superior  to  the  far  simpler 
and  cheaper  Dakin’s  solution  or  the  highly 
satisfactory  ‘ chloramine-T  ’ treatment. 

Although  the  precise  relation  between  the 
constitution  of  the  alkaloids  and  their  thera- 
peutic value  has  clearly  not  been  established, 
enough  work  has  been  done  to  indicate  a possible 
future  for  derivatives  of  cinchona  alkaloids 
either  of  the  ‘ unsaturated  ’ (quinotoxin)  or 
of  the  ‘ increased  side  chain  ’ type,  which  from 
the  purely  scientific  and  medical  point  of  view, 
might  be  of  even  greater  importance  than  the 
present  universal  use  of  the  parent  alkaloids  as 
one  of  our  few  standard  remedies. 

General  Properties  of  the  Cinchona  Alkaloids. 
— These  bases  are  mostly  white  crystalline  non- 
odorous  bodies,  with  a bitter  flavour  and  strong 
basic  properties,  some  being  sufficiently  powerful 
to  displace  ammonia  from  its  salts.  On  heating 
strongly  they  decompose,  evolving  fumes  of  a 
colour  resembling  iodine  vapour,  and  with  a 
quinolinic  odour.  They  are  very  slightly 
soluble  in  water,  but  are  fairly  readily  soluble 
in  organic  solvents,  there  being,  however, 
notable  exceptions.  Acids  dissolve  these  alka- 
loids forming  two  series  of  salts,  neutral  and 
acid,  of  the  general  types  B2H2SO4  and  B’HgSO^. 
Even  more  acid  salts  of  the  type  B‘2H2S04  are 


obtainable  in  some  cases.  These  salts  are 
generally  white  crystalline  bodies,  of  very 
varying  solubility  in  solvents  generally,  and 
with  a very  bitter  taste.  Solutions  of  the  salts 
in  water  when  treated  with  alkalis  precipitate 
the  alkaloid,  with  the  exception  of  cupreine, 
which,  being  phenolic  in  character,  is  soluble 
in  alkalis. 

A strong  blue  fluorescent  solution  is  obtained 
with  many  of  these  alkaloids  when  dissolved  in 
dilute  sulphuric  acid,  viz.  quinine,  quinidine, 
hydroquinine,  hydroquinidine,  diquinicine.  This 
is  a very  delicate  test  which  is  best  seen  by 
reflected  light.  The  haloid  salts  do  not  show 
this  fluorescence,  which  is  also  destroyed  by 
adding  a haloid  salt  or  hyposulphite  to  the 
sulphuric  acid  solution. 

All  the  cinchona  alkaloids  have,  in  solution,  a 
marked  rotatory  influence  on  polarised  light, 
which  is  affected  by  the  temperature  of  the 
solution,  the  solvent  employed,  the  concentra- 
tion, and  the  amount  of  acid  present.  With 
mineral  acids  the  maximum  rotation  is  observed 
when  the  acid  is  present  in  little  more  than  the 
amount  to  form  the  acid  salt ; but  with  organic 
acids  a much  greater  amount  of  free  acid  is 
required. 

When  certain  of  these  bases  are  treated  in 
dilute  solution  with  chlorine-  or  bromine-water, 
followed  by  ammonia  added  drop  by  drop,  a 
deep  green  colouration  or  precipitate  is  obtained. 
This  is  known  as  the  thalleioquin  test  {thallos, 
a young  twig),  and  is  given  by  quinine,  quinidine, 
quinicine,  hydroquinine,  hydroquinidine,  cup- 
reine, and  diquinicine. 

The  cinchona  bases  are  di-tertiary  amines 
forming  mono-  and  di-alkyl  iodide  additive 
compounds. 

The  hydrochlorides  of  the  bases  form  double 
compounds  with  several  metallic  chlorides,  of 
which  the  chief  are  : {a)  the  chlorozincates  of 
the  general  formula  B,2HCl,ZnCl2 ; {h)  the 

chloromercurates  B,2HCl,HgCl2 ; (c)  the  chloro- 
aurates  B,2HCl,AuCl3  ; (d)  the  platinochlorides, 
of  which  there  are  two  types,  B,2HCl,PtCl4  and 
B2,2HCl,PtCl4.  Of  these  (c)  and  {d)  have 
been  much  used  in  the  determination  of  the 
molecular  weights  of  the  bases. 

The  cinchona  affialoids  are  nearly  completely 
precipitated  from  solution  by  tannic,  picric, 
or  phosphotungstic  acid,  potassium  mercuric 
iodide  (Mayer’s  reagent),  and  potassium  bismuth 
iodide  (Dragendorff’s  reagent). 

Methods  of  Extracting  the  Alkaloids  of 
Cinchona  Barks. — Before  extracting  the  bark  it 
must  be  treated  in  such  a manner  as  will  ensure 
the  alkaloids  being  in  a suitable  condition  for 
extraction.  For  this  purpose  the  bark  must 
be  in  a finely  powdered  condition,  the  finer  the 
powder  the  more  rapid  and  thorough  being  the 
extraction.  The  whole  of  the  bark  should  be 
ground  to  pass  a sieve  with  at  least  forty  meshes 
to  the  linear  inch.  This  point  is  of  special 
importance  in  assaying,  as  cases  are  known  in 
which  the  harder  portions  of  the  bark  (which 
might  be  rejected  as  gruffs  if  the  whole  were  not 
finely  ground)  are  richer  in  alkaloids  than  the 
softer  parts.  The  next  stage  in  the  process 
is  that  of  liberating  the  alkaloids  from  their 
combinations  with  the  natural  acids  of  the  bark, 
in  order  to  render  them  soluble  in  the  solvent 
employed.  This  is  effected  by  moistening  the 
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bark  with  a dilute  alkali,  or  by  mixing  it  with 
lime  and  damping  with  water,  and  allowing  to 
stand  for  some  hours.  The  whole  may  then 
be  dried,  powdered,  and  extracted  with  chloro- 
form, ether,  petroleum  spirit,  or  a mixture  of 
these ; or  the  damp  bark  may  be  extracted 
direct  with  petroleum,  amyl  alcohol,  benzene, 
naphtha,  or  mixtures  of  these.  Thus  Landrin 
(Compt.  rend.  1889,  108,  750)  and  Zebel  (Chem. 
Zeit.  1891,  15,  735)  describe  processes  using 
petroleum ; the  Brit.  Pharm.  1914,  directs  the 
use  of  a mixture  of  3 volumes  of  benzene  and 
1 of  amyl  alcohol ; while  the  U.S.  Pharm.  1916, 
employs  a mixture  of  2 volumes  of  ether  and 
1 volume  of  chloroform.  On  the  large  scale 
the  solvent  employed  will  naturally  be  the 
cheapest,  while  on  the  small  scale,  where  an 
efficient  reflux  extraction  apparatus  can  be 
used,  chloroform  or  ether  are  convenient. 

Zebel  {l.c.)  describes  the  commercial  process 
thus  : The  finely  powdered  bark  is  ground  to  a 
thin  paste  with  lime,  sodium  hydroxide,  or 
sodium  carbonate,  and  extracted  with  warm 
paraffin  oil.  On  standing  the  oil  separates, 
when  it  is  run  ofl  and  shaken  with  sulphuric 
acid ; this  acid  solution  is  boiled,  and  while 
boiling  is  neutralised  (to  litmus  paper)  with 
sodium  carbonate  and  allowed  to  cool.  Quinine 
sulphate  crystallises  out  on  cooling,  while 
cinchonidine,  cinchonine,  and  quinidine  remain 
in  solution  as  sulphates.  The  quinine  sulphate 
is  purified  by  recrystallisation  from  water  after 
treating  with  animal  charcoal.  The  mother- 
liquor  containing  the  other  alkaloids  is  treated 
with  sodium  hydroxide  and  the  precipitate 
treated  with  dilute  alcohol.  Of  the  three  bases 
precipitated,  quinidine  and  cinchonidine  are 
dissolved  by  the  alcohol,  while  cinchonine  is  left 
behind  ; the  two  former  can  then  be  separated 
by  means  of  their  neutral  tartrates,  that  of 
quinidine  being  considerably  the  more  soluble. 

Landrin  {l.c.)  gives  this  description  of  the 
small  scale  extraction  : 300  grams  of  bark  are 
powdered  and  passed  through  a No.  40  sieve, 
then  mixed  thoroughly  with  1 litre  of  milk  of 
soda-lime  containing  75  grams  of  quicklime  and 
75  grams  of  solution  of  sodium  hydroxide 
(sp.gr.  L375).  To  this  mixture,  diluted  if 
necessary  by  adding  a little  water,  2 litres  of 
petroleum  are  added,  heated  to  100°  for  20 
minutes,  with  constant  agitation ; the  oil  is 
then  decanted,  and  the  extraction  repeated 
with  a second  2 litres.  The  4 litres  of  extract 
are  washed  twice  with  75  c.c.  of  10  p.c.  sulphuric 
acid  added  to  150  c.c.  of  water  ; and  a third 
time  with  one-third  of  these  quantities. 

The  British  Pharmacopoeia,  1914,  method  is 
as  follows  : 10  grams  of  the  bark  in  No.  60  powder 
are  mixed  with  6 grams  of  slaked  lime,  and  the 
whole  moistened  with  22  c.c.  of  water  and 
allowed  to  stand  for  2 hours.  This  is  transferred 
to  a flask  provided  with  a reflux  condenser 
and  boiled  with  130  c.c.  of  benzolated  amylic 
alcohol  (benzene,  3 volumes ; amyl  alcohol, 

1 volume)  during  30  minutes.  The  liquid  is 
filtered  off  and  the  treatment  repeated  twice, 
the  mixture  of  bark  and  lime  being  finally 
transferred^to  the  filter  and  washed  with  the 
solvent  till  exhausted. 

The  U.S.  Pharmacopoeia  (9th  revision,  1916) 
process  is  : Introduce  5 grams  of  cinchona  in 
No.  40  powder  into  a 500  c.c.  flask,  and  add 


200  c.c.  of  a mixture  of  chloroform  and  ether 
(1  : 2).  Stopper  the  flask,  shake  it  well,  and 
let  it  stand  10  minutes.  Then  add  5 c.c.  of 
ammonia  water,  shake  the  flask  frequently  for 
1 hour,  and  let  it  stand  from  8 to  10  hours. 
Now  add  10  c.c.  of  distilled  water,  shake  the 
mixture  thoroughly,  and  when  the  di'ug  has 
settled  decant  160  c.c.  of  the  solution,  represent- 
ing 4 grams  of  cinchona.  Filter  through  a 
pledget  of  purified  cotton  into  a separator,  and 
rinse  both  cylinder  and  cotton  with  ether. 
Completely  extract  the  alkaloids  from  the 
chloroform-ether  solution  by  shaking  out 
repeatedly  with  weak  sulphuric  acid. 

An  older  method  of  extracting  the  bark, 
due  to  de  Vrij,  was  that  of  treating  the  powdered 
bark  with  a large  excess  of  milk  of  lime,  drying 
down  and  extracting  with  alcohol.  But  this 
has  been  entirely  given  up  owing  to  the  great 
amount  of  colouring  matter  extracted  with  the 
alkaloids,  and  the  consequent  difficulty  in 
purification. 

Assay  of  Cinchona  Barks. — The  accurate 
assay  of  a bark  is  much  more  difficult  than 
appears  at  first  sight  owing  to  the  obstinacy 
with  which  one  alkaloid  will  form  more  or  less 
definite  compounds  with  the  others  when  crystal- 
lising as  alkaloid  or  salt,  and  also  on  account 
of  the  changes  in  its  solubility  in  solvents  when 
varying  quantities  of  other  alkaloids  are  present. 
For  these  reasons  a process  of  assay  giving  good 
results  when,  for  instance,  a Ledger  bark,  in 
which  quinine  is  the  main  constituent  is 
tested,  will  not  be  accurate  for  a Succirubra 
bark  in  which  the  cinchonidine  and  cinchonine 
usually  exceed  the  quinine  in  amount.  A 
knowledge  of  the  type  of  bark  being  assayed, 
and  of  its  alkaloidal  contents,  is  therefore  of 
great  importance,  the  experienced  analyst 
being  able  to  foretell  the  state  of  purity  of  his 
various  precipitates  and  so  regulate  his  analysis. 

A ‘ full  ’ analysis  of  a bark  usually  consists 
of  the  estimation  of  the  quinine,  quinidine, 
cinchonidine,  cinchonine,  and  total  amorphous 
alkaloids.  To  obtain  satisfactory  results  a 
quantity  of  alkaloid  of  about  5 grams  should  be 
available.  It  is  desirable  to  start  the  assaj?^ 
with  the  estimation  of  the  total  alkaloids,  as 
the  subsequent  work  is  simplified  by  so  doing 
and  the  result  is  a useful  check  on  the  estimation 
of  the  individual  alkaloids.  For  this  purpose 
it  is  only  necessary  to  evaporate  the  extract 
obtained  by  any  of  the  methods  described  under 
the  previous  heading  to  constant  weight ; or, 
in  the  case  of  the  paraffin  and  sulphuric  acid 
extraction,  to  make  alkaline  with  sodium 
hydroxide,  wash  out  with  chloroform,  and 
evaporate  to  dryness.  Dry  to  constant  weight 
at  100°- 110°.  Having  obtained  the  weight  of 
total  alkaloids,  add  3 c.c.  of  10  p.c.  sulphuric 
acid  for  every  gram  of  alkaloid,  and  w^arm  on 
the  steam-bath  till  completely  dissolved.  Then 
add  80  c.c.  of  distilled  water  for  every  gram  of 
alkaloid,  boil,  and  while  boiling  neutralise 
exactly  to  litmus  paper  with  dilute  ammonia 
solution  (10  p.c.).  On  cooling  for  2 or  3 hours 
with  occasional  stirring  practically  the  whole  of 
the  quinine  will  crystallise  out  as  sulphate, 
owing  to  it  being  almost  insoluble  in  ammonium 
sulphate  solution.  Filter  through  counter- 
poised filter  papers  on  the  filter-pump,  press  the 
crystals  down  well,  pumping  as  dry  as  possible. 
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and  following  with  two  washes  of  cold  water 
each  about  equal  in  volume  to  the  bulk  of  the 
precipitate.  The  filter  papers  and  crystals  are 
now  dried  to  constant  weight  at  100°.  The 
weight  of  anhydrous  quinine  sulphate  found 
multiplied  by  ITS  gives  the  amount  of  rough 
hydrated  quinine  sulphate,  or  by  0'868  the 
amount  of  rough  quinine  alkaloid.  This  quinine 
sulphate  is  neither  white  nor  pure,  being  usually 
contaminated  with  colouring  matter  and  cin- 
chonidine  sulphate,  and  requires  further  treat- 
ment, for  which  see  under  ‘ Quinine  Sulphate.’ 
But  with  the  present-day  pure  Ledgeriana  barks 
the  weight  may  be  taken  as  representing  the 
true  amount  of  quinine  sulphate,  as  in  some 
thousands  of  analyses  of  this  bark  by  the 
present  writers  the  amount  of  quinine  sulphate 
left  in  the  mother  liquor  almost  exactly  com- 
pensates for  the  impurities  in  the  crystals  weighed. 
It  is,  however,  a safeguard  in  all  cases  to  test 
for  any  undue  amount  of  cinchonidine  as 
described  under  ‘ Quinine  Sulphate.’ 

To  the  mother  liquor  and  washings  from  the 
crystals  add  about  20  grams  of  Rochelle  salt, 
dissolved  in  30  c.c.  of  hot  water,  and  stir 
occasionally  during  2 or  3 hours.  Cinchonidine 
is  completely  precipitated  as  tartrate.  This  is 
collected  on  counteriDoised  filter  papers  at  the 
pump,  washed  with  three  lots  of  cold  water 
each  about  equal  in  bulk  to  the  precipitate, 
which  is  then  dried  and  weighed.  This  weight 
multiplied  by  0’797  gives  the  cinchonidine 
alkaloid.  Should  the  bark  contain  very  little 
cinchonidine,  and  no  tartrate  be  obtained  in  the 
3 hours’  standing,  it  is  best  to  leave  the  solution 
for  a full  24  hours  to  ensure  complete  precipita- 
tion. The  filtrate  from  the  cinchonidine  tartrate 
is  now  evaporated  to  one-half,  half  its  volume  of 
methylated  spirit  and  5 grams  of  neutral 
potassium  iodide  dissolved  in  5 c.c.  of  water 
are  added,  and  the  liquid  left  for  at  least  2 
hours  with  frequent  stirring.  The  quiniduie  i 
hydriodide  is  filtered  off  at  the  pump  on  a 
counterpoised  filter  paper,  washed  with  a little  50  j 
p.c.  methylated  spirit,  dried  and  weighed.  0'0008 
gram  is  added  to  this  weight  for  each  1 c.c.  of 
filtrate  and  washings,  which  total  multiplied 
by  0'7186  gives  the  quinidine  alkaloid.  The 
filtrate  is  made  alkaline  with  sodium  hydroxide 
and  shaken  with  ether  (free  from  alcohol)  in  a 
separator,  the  aqueous  portion  drawn  off  and 
twice  again  shaken  with  small  quantities  of 
ether,  the  ether  extracts  bulked,  allowed  to 
stand  1 hour,  and  the  cinchonine  filtered  off  on 
counterpoised  papers  at  the  pump,  two  small 
washes  with  ether  being  given.  The  einchonine 
is  dried  and  weighed,  and  to  its  weight  is  added 
0'0027  gram  for  each  1 c.c.  of  filtrate  and 
washings.  The  ether  evaporated  to  dryness 
and  constant  weight  gives  the  total  amorphous 
alkaloids,  from  which  should  bo  subtracted 
the  weights  added  on  as  corrections  for  quinidine 
and  cinchonine. 

The  above  method  is  made  up  of  the  best 
points  of  the  many  published  methods  of  assay, 
and  will  be  found  to  give  good  results  in  inex- 
perienced hands.  For  other  methods,  see 
Allen’s  Commercial  Organic  Analysis,  1912, 
vol.  vi.  490-495. 

The  British  Pharmacopoeia,  1914,  specifies 
that  the  bark  (C.  succirubra)  ‘ when  used  for 
official  purposes  other  than  the  preparation  of 


alkaloids  or  their  salts,  shall  yield  5-6  p.c.  of 
total  alkaloids,  of  which  not  less  than  half  shall 
consist  of  quinine  and  cinchonidine.  The 
method  used  is  that  of  extracting  the  amylated 
benzene  solution  of  alkaloids  {see  above)  with 
dilute  hydrochloric  acid,  neutralising  the  acid 
solution  with  ammonia,  and  precipitating  the 
quinine  and  cinchonidine  together  as  tartrates 
by  the  addition  of  Rochelle  salt.  The  remaining 
alkaloids  are  then  precipitated  from  the  filtrate 
by  ammonia. 

The  United  States  Pharmacopoeia,  1905,  pre- 
scribes 5 p.c.  of  total  alkaloids  and  4 p.c.  of 
ether-soluble  alkaloids  (^.e.  quinine,  quinidine. 
and  cinchonidine).  This  is  carried  out  by 
dividing  the  acid  solution  of  the  alkaloids  into 
two  equal  portions,  shaking  one  with  ammonia 
and  chloroform-ether  mixture  to  obtain  total 
alkaloids,  and  the  other  with  ammonia  and 
ether  for  ether-soluble  alkaloids.  The  U.S.P., 
1916,  omits  the  ‘ ether-soluble  alkaloid  ’ test. 

The  German  Pharmacopoeia  (1910)  method 
consists  of  estimating  the  total  alkaloids  by 
extracting  the  chloroform-ether  mixture  (1:3) 
with  decinormal  acid  in  excess,  and  titrating 
back  the  excess  of  acid  over  the  neutral  point 
with  decinormal  alkali,  using  alcoholic  heema- 
toxylin  solution  as  indicator.  6 '5  p.c.  of  total 
alkaloids  are  required. 

Titration  methods  are  liable  to  serious 
errors  and  cannot  be  recommended,  but  can 
be  employed  as  useful  rough  checks  on  analysis. 
Generally  speaking,  the  free  alkaloids  are  neutral 
to  phenol-phthalein,  the  neutral  sulphates 
(B2'Il2S04)  are  neutral  to  litmus,  brazil  wood, 
lacmoid,  cochineal,  and  haematoxylin,  but 
alkaline  to  methyl- orange,  which  roughly  indi- 
cates the  bisulphate  point  1[B'H2S04)  (Allen, 
Analyst,  1896,  21,  85 ; f arr  and  Wright, 
Pharm.  J.  1894,  25,  124 ; Messner,  Zeitsch. 
angew.  Chem.  1903,  16,  444 ; Engelhardt  and 
! Jones,  Pharm.  J.  1910,  30,  236 ; Katz,  Ber. 
Deut.  pharm.  Ges.  1910,  20,  316). 
j Oudemans  (Annalen,  1876,  182,  33)  has 
strongly  recommended  the  polarimetric  assay 
of  the  cinchona  alkaloids,  and  a good  deal  of 
controversy  has  raged  around  the  subject ; 
the  majority  of  the  evidence  appears  to  be 
against  the  method,  owing  to  the  difficulty  of 
obtaining  the  bases  in  a pure  enough  condition 
for  accurate  polarimetric  reading  (Hesse, 
Annalen,  1875,  176,  205;  1876,  182,  128; 

Koppeschar,  Zeitsch.  anal.  Chem.  1885,  24, 
362  ; Leger,  J.  Pharm.  Chim.  1904,  19,  427). 

Quinine  and  its  Derivatives  and  Salts. 
— Quinine  alkaloid  is  usually  prepared  by  pre- 
cipitating a solution  of  quinine  hydrochloride 
with  an  alkali  or  ammonia,  washing  free  from 
chloride  and  drying  at  a low  temperature. 
The  commercial  article  is  a soft  white  granular 
odourless  powder  with  micro- crystalline  struc- 
ture, and  contains  up  to  11  p.c.  H2O  (dihydrate). 
It  crystallises  from  ethereal  solution  below  10° 
with  3H2O  (14-3  p.c.  HgO),  but  the  ethereal 
solution  evaporated  gives  a resinoid  mass  con- 
taining IH2O  (most  other  cinchona  alkaloids 
give  crystalline  residues  from  ether).  Alcoholic 
or  ammoniacal  solutions  deposit  needles  with 
3H2O,  which  rapidly  effloresce  in  the  air  above 
15°  giving  a dihydratc.  This  is  the  composition 
of  the  commercial  article,  although  most 
pharmacopoeias  require  the  trihydrate.  The 
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trihydrate  loses  all  its  water  over  sulphuric  acid. 
It  melts  at  57°,  and  in  estimating  the  moisture 
it  is  therefore  best  to  dry  for  some  hours  at 
40°-50°,  then  gradually  raise  the  temperature 
to  100°.  In  this  way  no  melting  takes  place, 
and  the  dehydration  is  rapid.  Other  hydrates 
containing  1,  8,  and  OHgO  have  been  described. 
Anhydrous  pure  quinine  melts  at  174’9°.  It 
is  a strong  base  displacing  ammonia  from  its 
salts  in  hot  solution,  and  neutralising  the 
strongest  acids.  The  pure  base  has  a bitter 
taste,  which  develops  slowly ; the  commercial 
article  is  more  bitter  on  account  of  the  presence 
of  impurities  which  give  more  rapid  solution. 
Ammonium  and  calcium  salts  notably  increase 
the  solubility  of  the  alkaloid  in  water,  while  the 
alkalis  render  it  less  soluble.  The  anhydrous 
alkaloid  is  soluble  in  1750  parts  of  water,  in 
3450  parts  of  potassium  hydroxide  (5  p.c.),  and 
in  1890  parts  of  ammonia  (10  p.c.)  at  25°C. 
The  trihydrate  is  soluble  in  0'8  parts  of  alcohol, 
I’l  parts  of  chloroform,  L9  parts  of  ether, 
212  parts  of  glycerin,  and  166  parts  of  benzene 
at  25°C.  Quinine  is  leevorotatory,  the  trihydrate 

having  in  97  p.c.  alcohol  — 145 •2°H‘0 '6570. 

1 er 

The  anhydrous  alkaloid  in  ether  has  [a]^ 
= — 158‘7°+L911c,  where  c=L5-6‘0. 

The  chief  impurities  likely  to  be  met  with 
in  the  commercial  article  are  chlorides  and 
sulphates  of  the  alkalis  or  ammonia,  lime  salts, 
hydroquinine,  cinchonidine,  and  cinchonine. 

1 gram  should  dissolve  in  a mixture  of  6 c.c. 
absolute  alcohol  and  3 c.c.  ether  to  give  a solu- 
tion remaining  bright  on  cooling  (absence  of 
cinchonidine  and  cinchonine,  and  inorganic 
salts).  Hydroquihine.  which  is  liable  to  occur 
up  to  2 p.c.,  may  be  tested  for  as  given  under 
‘ Quinine  Sulphate.’ 

Quinine  is  distinguished  from  the  other  alka- 
loids by  its  ready  solubility  in  ether,  fluorescent 
solution  in  dilute  sulphuric  acid  (detectable 
to  the  extent  of  1 part  in  500,000),  by  the 
thalleioquin  test,  its  insoluble  neutral  sulphate, 
tartrate  and  chromate,  and  by  its  rotation. 

The  following  are  the  more  important 
derivatives  of  quinine  : — 

Quitenine  CJ9H22O4N2  or 

Ci7H480-0CH3-C00HN2 

(Skraup,  Annalen,  1879,  199,  348).  This  feeble 
base,  together  with  formic  acid,  is  obtained 
when  quinine  is  oxidised  with  permanganate  in 
acid  solution  at  0°,  and  bears  the  same  relation 
to  quinine  as  cinchotenine  does  to  cinchonine 
{see  ‘ Constitution  ’).  The  quitenine  is  carried 
down  by  the  oxide  of  manganese,  from  which  it 
may  be  extracted  with  40  p.c.  alcohol.  On 
concentration  and  filtration  quitenine  comes  out 
in  rhombic  prisms  containing  4H2O,  slightly 
soluble  in  water,  insoluble  in  ether,  but  dissolves 
in  acids  and  alkalis.  Quitenine  is  identical 
with  Kerner’s  dihydroxy  quinine  (Zeitsch.  Chem. 
1869,  5,  593).  It  gives  the  thalleioquin  reaction, 
and  dissolves  in  dilute  alcoholic  sulphuric  acid 
with  fluorescence.  It  is  leevorotatory,  giving 
[a]jj=  — 142°;  m.p.  of  anhydrous  base  228°. 

It  gives  a sulphate  B3‘2H2S04,15H20  in  fine 
needles.  Heated  with  sulphuric  acid  it  is 
converted  into  an  isomeric  amorphous  dark  red 
base,  quitenicine,  very  soluble  in  water.  Its 


constitution  is  that  of  quinine  in  which  the  vinyl 
is  replaced  by  a carboxyl  group.  Heated  with 
hydriodic  acid  (sp.gr.  1-7)  its  methyl  group  is 
eliminated,  and  a new  base,  quitenol,  is  obtained. 

Quitenol  Ci7Hi80-0H-C00H-N2  crystal- 
lises in  fine  needles  containing  IH2O,  very 
slightly  soluble  in  water,  alcohol,  or  ether. 
It  dissolves  readily  in  acids  and  alkalis,  being 
precipitated  from  the  latter  by  CO 2.  It  gives 
the  thalleioquin  reaction,  and  a red  colouration 
in  hydrochloric  acid  solution  with  ferric  chloride. 
Quitenol  bears  the  same  relation  to  quitenine, 
that  cupreine  does  to  quinine  (Bucher,  Monatsh. 
1893,  14,  598). 

Quininic  acid  CgHg-OCHg-COOH  N (6-meth- 
oxy-4-carboxyquinoline).  This  acid  is  obtained 
on  oxidising  quinine  with  chromic  acid,  being 
the  p-methoxy  derivative  of  cinchoninic  acid 
derived  from  cinchonine  under  similar  treat- 
ment (Skraup,  Ber.  1879,  12,  1104  ; Comstock 
and  Konigs,  Ber.  1884,  17,  1984 ; 1886,  19, 

2853).  It  forms  yellowish  prisms,  almost 
insoluble  in  water,  very  soluble  in  acids  and 
alkaloids.  It  is  slightly  soluble  in  absolute 
alcohol,  giving  a beautiful  blue  fluorescence, 
which  is  destroyed  by  water  or  acids.  Heated 
with  fuming  hydrochloric  acid  under  pressure  it 
loses  its  methyl  group,  yielding  a phenolic  body 
xanthoquininic  acid  CgHg’OH’COOH'N. 

Meroquinene  CgHio  CH  : CHg-COOH-NH  (v. 

‘ Constitution  ’ (Skraup,  Monatsh.  1903,  24, 
298)).  This  body  forms  small  colourless  needles, 
m.p.  223°-224°,  very  soluble  in  water  and  acids, 
almost  insoluble  in  alcohol.  It  is  an  interesting 
example  of  a body  in  which  the  acidity  of  the 
carboxyl  group  is  neutralised  by  the  alkaline 
properties  of  the  remainder  of  the  molecule. 
[a]D  in  10  p.c.  aqueous  solution  +27 '9°.  It 
readily  forms  esters.  On  oxidation  with  chromic 
acid  it  gives  cincholoiponic  and  loiponic  acids. 

Cincholoiponic  acid  C6Hio(COOH)2NH.  This 
acid  is  derived  from  meroquinene  by  the  oxida- 
tion of  the  vinyl  group.  It  combines  both  with 
acids  and  alkalis.  It  forms  rhombic  prisms 
containing  IH2O,  melting  at  126°-127°,  and 
when  anhydrous,  at  225°-226°.  It  is  a dibasic 
acid  and  a secondary  base  (Skraup,  Monatsh. 
1896,  17,  372  ; 1900,  21,  879).  When  the  hydro- 
chloride of  this  acid  is  heated  with  resorcin 
and  concentrated  sulphuric  acid,  or  zinc  chloride, 
a fluorescein  is  formed,  which  indicates  that  the 
two  carboxyls  are  in  an  ortho  position  to  each 
other  (Muller  and  Rohde,  Ber.  1894,  27,  1188). 
A great  deal  of  work  has  been  done  on  the  con- 
stitetion  of  this  acid,  for  upon  it  depends  the 
proof  of  the  constitution  of  the  ‘ second  ’ half 
of  the  molecule  of  the  cinchona  alkaloid.  For 
later  work  on  its  stereoisomerides,  see  Konigs, 
Ber.  1901,  34,  4336;  Wohl,  Ber.  1907,  40, 
4693,  4711  ; 1909,  42,  627. 

Loiponic  acid  C5H8(COOH)2NH  (hexahydro- 
pyridine-3  : 4-dicarboxylic  acid)  v.  ‘ Constitution.’ 
Prismatic  crystals,  m.p.  259°-260°,  fairly  soluble 
in  water,  easily  soluble  in  alkalis  and  mineral 
acids  (Skraup,  Monatsh.  1896,  17,  366). 

Quinine  chloride  C20H23ON2CI.  This  body  is 
formed  when  dry  quinine  hydrochloride  is 
treated  with  phosphorus  pentachloride  in 
chloroform  solution,  the  hydroxyl  group  of  the 
quinine  being  replaced  by  clilorine.  It  has 
basic  properties,  melts  at  151°,  gives  the  thalleio- 
quin reaction,  but  does  not  fluoresce  in  acid 
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solution  (Comstock  and  Konigs,  Ber.  1884,  17, 
1984;  1885,  18,  1219;  1892,  25,  1545).  On 
treatment  with  alcoholic  potash  hydrochloric 
acid  is  eliminated  with  the  formation  of  quinene. 

Quinene  C2oH220N2,2H20  forms  large  rhom- 
bic crystals  melting  at  81°-82°.  On  hydrolysis 
with  25  p.c.  phosphoric  acid  it  yields  meroqui- 
nene  and  p-methoxylepidine  (Konigs,  Ber.  1890, 
23,  2069;  1894,  27,  900;  1895,  28,  3143; 

1896,  29,  372).  On  heating  with  HBr  (sp.gr. 
1'49)  quinene  yields  apoquinene  (p-oxyapocin- 
chene),  thus  : 

C2oH220N2+HBr-]-H20 

=Ci9Hi902N+CH3Br+NH3 

Apoquinene  C19H19O2N  forms  crystals  melt- 
ing at  246°,  very  slightly  soluble  in  water, 
benzene,  or  ether,  readily  soluble  in  alcohol. 
Its  solutions  in  sodium  hydroxide  or  dilute 
hydrochloric  acid  are  yellow  (Konigs  and 
Comstock,  Ber.  1885,  18,  1226  ; 1886,  20,  2675). 

Quininone  C20H22O2N2  (p-methoxycinchoni- 
none)  is  obtained  by  carefully  oxidising  quinine 
(or  quinidine)  with  chromic  acid  in  the  presence 
of  acetic  acid.  Treated  with  nitrous  acid  it 
yields  quininic  acid,  and  an  oxime  which  splits 
up  on  hydrolysis  into  meroquinene  and  hydroxyl- 
amine  (Babe,  Ber.  1907,  40,  3655  ; 1908,  41, 
62  ; Annalen,  1909,  365,  353  ; 1910,  373,  85  ; 
1911,  382,  365).  Upon  this  hydrolysis  Babe  has 
based  his  formula  for  the  cinchona  alkaloids 
(see  p.  89). 

Dihydroquinine  C20H26O2N2.  Schiitzenberger 
(Annalen,  1858,  108,  348)  obtained  an  oily 
body  by  the  action  of  zinc  and  sulphuric  acid  on 
quinine,  which  he  named  dihydroquinine.  This 
is  not  the  dihydro  quinine  of  commerce,  v. 
Hydroquinine  (Hesse,  Ber.  1882,  15,  854  ; Bum, 
Monatsh.  1895,  16,  72). 

Tetrahydroquinine  C20H28O2N2  is  obtained 
by  the  action  of  sodium  and  alcohol  on  quinine 
(Lippmann  and  Fleissner,  Monatsh.  1895,  16, 
630)  ; also  by  electrolytic  reduction  (Freund 
and  Bredenberg,  Annalen,  1914,  407,  43). 

Dichlorquinine  C2oH24N202‘Cl2  is  formed 
when  quinine  hydrochloride,  dissolved  in  a 
mixture  of  acetic  and  hydrochloric  acids,  is 
treated  with  1 molecule  of  chlorine.  It  is  a 
colourless  amorphous  compound,  melting  at 
97°,  and  closely  resembles  Cj[uinine  in  its  chemical 
behaviour.  Treated  with  alcoholic  potash  it 
loses  2HC1,  yielding  deliydroqiiinine  C20H22O2N2. 
By  the  further  action  of  chlorine  on  dichlor- 
quinine, a tetra- chlorinated  body  C19H20O2N2CI4 
is  obtained  (Christensen,  Ber.  Deut.  pharm. 
Ges.  1915,  25,  256). 

Hydroxychlorquinine  C20H24O2N2CIOH  is 
obtained  as  an  amorphous  colourless  powder, 
m.p.  110°,  when  quinine  dissolved  in  cold  dilute 
hydrochloric  acid  is  treated  with  1 molecule 
of  chlorine  dissolved  in  water  (Christensen, 
ibid.).  When  3 molecules  of  chlorine  are  ! 
employed  a tri- chlorinated  body  Ci9H2i03N2'Cl3 
is  obtained. 

Tetrabromquinine  C2oH2402N2-Br4,  obtained 
by  treating  quinine  chssolved  in  sulphuric  acid 
with  excess  of  bromine -water.  It  is  a yellow 
amorphous  body  with  an  odour  of  bromine. 

Tribromquinine  C2oH2402N2,Br3,  obtained  by 
treating  an  alcoholic  solution  of  tetrabrom- 
quinine with  HgS. 

Dibromquinine  C2oH2402N2Br2+2H20  is 
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obtained  from  the  mother  liquor  of  tribrom- 
quinine by  precipitation  with  ammonia.  Another 
anhydrous  dibromquinine  is  obtained  by  acting 
on  a chloroform-alcohol  solution  of  quinine 
hydrochloride  with  bromine  dissolved  in  chloro- 
form (Comstock  and  Konigs,  Ber.  1892,  25, 
1500). 

lodoquinines.  By  the  action  of  iodine  dis- 
solved in  alcohol  or  potassium  iodide  many 
badly  defined  iodoquinines  have  been  obtained, 
e.g.  4B-3I2,  4B-5I,  B-HId,  B-2HI,  B-HI-I4 
(Bauer,  Arch.  Pharm.  1874,  5,  392). 

Hydrochloroquinine  C20H25CIO2N2,  obtained 
by  treating  quinine  at  low  temperature  with 
HCl  saturated  at  —17°;  m.p.  186°-187°.  In- 
soluble in  water,  soluble  in  ether  or  methyl 
alcohol.  It  shows  fluorescence  and  gives  the 
thalleioquin  reaction.  Quinine  is  regenerated 
on  treatment  with  alcoholic  potash  (Comstock 
and  Konigs,  Ber.  1887,  20,  2510 ; 1892,  25, 

1539).  Hesse  obtained  this  body  by  heating 
quinine  with  HCl  (sp.gr.  Id89)  at  85°  (Annalen, 
1868,  147,  241). 

Hydrobromoquinine  CaoHggBrOaNa  is  ob- 
tained by  treating  qumine  hydrobromide  with 
HBr  saturated  at  — 17°C.  at  a low  temperature 
for  5 days.  It  is  soluble  in  ether,  but  its 
sulphuric  • acid  solution  does  not  fluoresce 
(Comstock  and  Konigs,  Ber.  1896,  29,  803). 

Hydroiodoquinine  C20H25IO2N2,  obtained  by 
treating  quinine  with  HI  (sp.gr.  1'9)  on  the 
water-bath  for  1 hour.  Crystals  melt  at  150°- 
155°.  Soluble  in  ether,  from  which  crystals 
containing  1(C2H5)20  are  obtained.  Its  solu- 
tion in  sulphuric  acid  is  fluorescent,  and  gives 
the  thalleioquin  test.  Heated  with  alcoholic 
potash  it  yields  a mixture  of  quinine,  pseudo- 
quinine, isoquinine,  and  niquine  (Skraup, 
Monatsh.  1893,  14,  431,  446 ; Lippmann  and 
Fleissner,  ibid.  1891,  12,  327,  372;  1892,  13, 
429  ; 1893,  14,  553). 

Apoquinine  CieH2o(OH)2N2  is  obtained  by 
heating  quinine  under  pressure  to  145°  with  HI 
(sp.gr.  1*25-1*35).  It  is  an  isomeride  of  cup- 
reine, which  is  also  converted  to  apoquinine  by 
heating  under  pressure  with  HCl  (sp.gr.  1*125). 
It  crystallises  in  large  needles  of  m.p.  210°,  and 

[a]^^=  — 178*1°  for  a 2 p.c.  solution  in  97  p.c. 

alcohol.  The  acid  oxalate  B2*3C2H204  and 
iodohydrate  B*2HI  crystallise  readily.  It  gives 
similar  addition  products  to  quinine  with  the 
haloid  acids,  hydroiodoapoquinine  yielding  on 
treatment  with  alcoholic  potash  the  isomer 
isoapoquinine  melting  at  176°  (Lippmann  and 
Fleissner,  Monatsh.  1891,  12,  332 ; 1893,  14, 
553  ; 1895,  16,  33;  Mauther,  Ber.  1895,  28, 
1972). 

Derivatives  Isomeric  with  Quinine. — Niquine 
CigH2402N2  {see  Hydroiodoquinine).  This 
alkaloid  behaves  very  similarly  to  quinine, 
forming  similar  salts,  addition  products,  &c. 
Its  sulphuric  acid  solution  fluoresces,  and  it 
gives  the  thalleioquin  reaction.  It  is  soluble  in 
alcohol,  ether,  chloroform,  or  benzene  ; slightly 
soluble  in  boiling  water,  from  which  crystals 
containing  2H2O  are  obtained;  [a]j)=  — 129*2° 
for  a 1 p.c.  solution  in  98  p.c.  alcohol  (Skraup, 
Ber.  1892,  25,  2911;  Monatsh.  1893,  14,  428; 
Lippmann  and  Fleissner,  Monatsh.  1893,  14, 
553).  By  treating  the  bihydriodide  of  hydro- 
iodo-niquine  with  alcoholic  potash  niquine  is 
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in  part  reformed  together__g_with  an  isomer 
isoniquine. 

Isoniquine  G19H24O2N2  crystallises  from 
alcohol  in  the  form  of  benzoic  acid  and  melts  at 
208°-209°.  It  shows  fluorescence  in  sulphuric 
acid,  and  gives  the  thalleioquin  reaction  (Skraup, 
Lippmann  and  Fleissner,  l.c.). 

Pseudoquinine  C20H24O2N2,  an  isomer  of 
quinine  {v.  hydriodoquinine),  forms  prisms 
melting  at  190°-191°.  It  is  not  very  soluble 
in  ether,  readily  soluble  in  alcohol ; [a]]j=  — 164 ’4° 
for  a 1 p.c.  solution  in  98  p.c.  alcohol. 

Isoquinine  C20II24O2N2,  an  isomer  of  quinine 
{v.  hydroiodoquinine),  crystallises  in  needles, 

melting  at  185°-186°,  and  having  [a]^^=  — 186 '8° 

for  0‘9  p.c.  solution  in  97  p.c.  alcohol.  It  is 
readily  soluble  in  ether  and  benzene,  very  slightly 
soluble  in  boiling  water,  and  reacts  generally 
like  quinine  (Skraup,  Monatsh.  1893,  15,  433  ; 
1894,  16,  37).  Hesse  has  also  named  a base 
isoquinine,  which  he  obtained  by  the  action  of 
concentrated  H2SO4  on  quinine  at  120°-130°, 
or  by  heating  with  glycerin  at  180°-210°  (Anna- 
len,  1874,  174,  340;  1875,  178,  253  ; 1888, 
243,  149  ; 1893,  276,  103). 

Quinicine  (quinotoxin)  C20H24O2N2,  an  isomer 
of  quinine,  was  first  prepared  by  Pasteur  in 
1853  by  heating  quinine  bisulphate  with  a little 
water  at  160°,  and  afterwards  isolated  from 
quinine  tails  by  Howard  (Chem.  Soc.  Trans. 
1871,  24,  61  ; 1872,  25,  1011).  It  forms  a 

reddish -yellow  amorphous  mass  melting  at 
about  50°,  nearly  insoluble  in  water,  soluble  in 
chloroform,  ether,  and  alcohol,  the  latter  solu- 
tion rapidly  absorbing  CO 2 from  the  air.  It 
forms  salts  of  which  the  oxalate  B2'C2H204,9H20 
bitartrate  B'C4Hg06,6H20,  sulphocyanide 

B-HCNS,iH20 

hydriodide  B’HI,H20,  chloroplatinate 
B-H2PtCl6,2H20 

and  aurichloride  are  crystalline.  Hesse  also  ob- 
tained a crystalline  sulphate  B2’H2S04,8H20. 
It  is  completely  precipitated  from  its  solutions 
by  excess  of  potassium  thiocyanate  as  an  oil 

rapidly  becoming  crystalline,  [a]^  = + 44d°  for 

a 2 p.c.  solution  in  CHCI3.  It  gives  the  thalle- 
ioquin reaction,  but  does  not  show  fluorescence 
in  sulphuric  acid  solution.  It  is  soluble  in 
ammoniacal  salt  solutions,  from  which  ether 
extracts  it  (separation  from  other  cinchona 
alkaloids).  ( Hesse,  Annalen,  1875,  178,  213 ; 
Miller  and  Rohde,  Ber.  1895,  28,  1058  ; Skraup, 
Monatsh.  1899,  20,  573  ; Howard  and  Chick, 
J.  Soc.  Chem.  Ind.  1909,  28,  53 ; Pharm.  J. 
1917,  99,  143.) 

Quinine  Salts. — Quinine  sulphate 

B2-H2S04,71H20 

This  salt  occurs  as  white  light  silky  needles, 
odourless,  but  with  an  intensely  bitter  taste. 
The  hydration  is  rather  indefinite,  being  recog- 
nised as  8H2O  by  the  French  Pharmacopoeia 
( = 1647  p.c.),  7IH2O  by  the  B.P.  ( = 15'3  p.c.), 
and  7H2O  by  the  U.S.P.  ( = 14'5  p.c.).  It  is 
completely  dehydrated  at  100°.  Exposed  to  the 
air  it  loses  water  until  2H2O  remain  (=4‘8  p.c.), 
the  same  amount  being  absorbed  if  the  fully 
exsiccated  salt  is  exposed  to  moist  air.  The 
chemically  pure  salt  crystallises  in  large  heavy 
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needles,  the  lighter  character  of  the  commercial 
article  being  due  to  the  presence  of  a little 
hydroquinine  and  cinchonidine,  or  by  being 
crystallised  slightly  alkaline  or  from  solutions 
containing  ammonium  sulphate.  It  is  soluble 
in  740  parts  of  water  at  15°,  in  30  parts  at  100°  ; 
in  65  parts  of  alcohol  at  15°,  in  6 parts  at 
boiling-point ; in  24  parts  of  glycerin  at  15°, 
1000  parts  of  chloroform  at  15°  ; readily  soluble 
(1  in  7)  in  a mixture  of  chloroform,  2 parts, 
absolute  alcohol,  1 part.  The  sulphates  of  the 
other  cinchona  bases  and  inorganic  impurities 
are  insoluble  in  this  mixture,  which  is  therefore 
a good  test  for  the  purity.  It  is  much  less 
soluble  in  water  containing  magnesium,  sodium, 
or  ammonium  sulphate,  but  more  soluble  if 
calcium,  sodium,  or  ammonium  chloride,  or 
potassium  nitrate  or  chlorate  be  present.  Quinine 

sulphate  has  \_cS^ ~ — 157'4°  in  absolute  alcohol 

at  a concentration  of  2 ’2  p.c.  of  the 
salt.  A 1 p.c.  solution  of  the  anhydrous  sulphate 

in  excess  of  dilute  H2SO4  has  235°.  A 

dilute  H2SO4  solution  shows  a strong  blue 
fluorescence,  detectable  with  about  I part  of 
quinine  in  500,000.  On  treating  a neutral 
solution  of  the  sulphate  in  cold  water  with  a 
slight  excess  of  chlorine-  or  bromine-water 
added  drop  by  drop,  agitating  for  20  seconds, 
and  then  adding  ammonia  drop  by  drop  until 
faintly  alkaline,  a deep  green  colour  is  pro- 
duced ; or  if  more  than  I in  1000  of  quinine  is 
present  a green  precipitate  is  obtained  (thalle- 
ioquin reaction).  On  neutralising  the  alkaline 
solution  with  dilute  acid  the  colour  changes  to 
blue,  which  with  more  acid  becomes  red, 
reverting  to  green  on  again  making  alkaline. 
By  a modified  procedure  Rams  den  and  Lip  kin 
(Annals.  Trop.  Med.  1918,  11,  443)  are  able  to 
detect  1 part  of  quinine  in  400,000.  Neutral 
solutions  of  quinine  sulphate  in  water  give  the 
following  almost  insoluble  precipitates  ; with 
potassium  chromate  B2‘H2Cr04,2H20,  soluble 
1 in  3150  ; with  potassium  oxalate 

B2,C2H204,6H20 

soluble  1 in  1400 ; with  ^ potassium  picrate 
B2,C6H3N207,  soluble  1 in  3400  ; with  sodium 
salicylate  B,C7Hg03,H20,  soluble  1 in  2100  ; with 
tannic  acid  B,(Ci4Hio09)3,8H20,  soluble  1 in 
2000 ; with  Rochelle  salt  B2,C4Hq06,H20, 
soluble  1 in  950 ; all  at  25°.  These  are  the 
solubilities  of  the  respective  precipitates  in 
water;  the  solubility  is  less  in  excess  of  the 
reagent. 

On  adding  alcoholic  iodine  solution  to  an 
alcoholic  solution  of  quinine  acidified  with 
sulphuric  acid  an  iodosulphate  of  quinine 
B4(H2S04)3(HI)2l4,6H20,  called  after  its  dis- 
coverer, Herepathite,  is  thrown  down  as  a 
reddish  precipitate  (Ann.  Chim.  Piiys.  1854, 
40,  249).  It  crystallises  from  strong  alcohol  in 
tabular  crystals,  green  by  reflected  light,  and 
red  by  transmitted  light ; almost  insoluble  in 
cold  water  or  dilute  alcohol,  soluble  1 in  1000 
of  hot  water,  but  much  more  soluble  in  acidified 
alcohol.  By  a special  method  of  concentration, 
Ramsden  and  Lipkin  have  been  enabled  to 
identify  as  little  as  1 part  of  quinine  in  4,000,000 
of  urine,  or  in  20,000,000  of  water  by  the 
herepathite  reaction  under  the  micropolariscope 
(Annals.  Trop.  Med.  1918,  11,  444).  Jorgensen 
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(J.  pr.  Cliem.  3,  145;  14,  213,  256;  15,  65) 
has  prepared  whole  series  of  salts  similar  to 
lierepathite,  having  varying  quantities  of  acid, 
iodine,  and  water. 

Most  of  the  above-mentioned  insoluble  salts 
have  been  proposed  as  means  for  the  estimation 
of  quinine  in  mixtures  of  the  cinchona  alkaloids, 
but  none  have  stood  the  test  of  time  on  account 
of  the  separations  not  being  at  all  perfect, 
others  of  the  alkaloids  being  co-precipitated. 

Estimation. — Two  classes  of  products  will  be 
dealt  with  here  : (a)  the  rough  quinine  sulphate 
obtained  as  described  under  ‘ Assay  of  Cinchona 
Barks,’  and  (6)  commercial  quinine  sulphate. 
The  only  alkaloidal  impurities  likely  to  occur 
in  either  are  cinchonidine  and  hydroquinine. 
Of  these  two,  hydroquinine  is  easily  and  rapidly 
estimated,  but  the  estimation  of  cinchonidine 
is  a much  more  difficult  matter.  For  instance, 
it  might  be  thought  that  advantage  might  be 
taken  of  the  different  solubilities  of  quinine 
sulphate  (1  in  740)  and  cinchonidine  sulphate 
(1  in  92)  in  water  at  15°.  But  it  is  found  that 
on  dissolving  a quinine  sulphate  containing 
cinchonidine  in  water  at  100°,  and  allowing 
the  solution  to  cool  to  15°,  the  majority  of  the 
cinchonidine  will  crystallise  out  again  with  the 
quinine.  As  many  as  four  recrystallisations 
will  be  necessary  to  remove  the  whole  of  the 
cinchonidine  from  the  quinine.  If  now  the 
mother  liquors  be  combined  and  evaporated  to 
dryness  on  the  steam-bath  a product  is  obtained 
containing  about  one-fifth  of  the  original  quinine 
together  with  all  its  impurities.  If  this  salt  be 
now  shaken  into  purified  ether  and  aqueous 
ammonia  (sp.gr.  0'959)  and  cooled  down  to 
0°  for  24  hours,  most  of  the  cinchonidine  will 
crystallise  out  at  the  layer  of  the  two  liquids, 
and  may  be  filtered  off,  dried,  and  weighed. 
A modified  form  of  this  test,  due  to  Prunier 
(J.  Pharm.  Chim.  1891,  [v.]  23,  163  and  265), 
was  the  official  method  of  the  B.P.  1898, 
but  being  a very  tedious  process  is  no  longer 
employed.  Another  method  consists  in  pre- 
cipitating a neutral  solution  of  the  quinine 
sulphate  with  Bochelle  salt,  drying  and  weighing 
the  combined  quinine  and  cinchonidine  tartrates, 
and  taking  the  polarimetric  reading.  This  is 
still  employed  in  some  laboratories,  and  usually 
gives  fairly  accurate  results  in  experienced 
hands.  But  it  must  be  remembered  that  as 
the  optical  relations  of  the  alkaloids  are  so 
diverse  that  should  even  a small  percentage  of 
hydroquinine  tartrate  be  co-precipitated  it  will 
lead  to  inaccurate  results.  The  temperature 
of  the  reading  is  also  very  important,  as  well  as 
the  concentration  of  the  solution  (Oudemans, 
Annalen,  1876,  182,  33 ; Hesse,  ibid.  128 ; 
Koppeschar,  Zeitsch.  anal.  Chem.  1885,  24, 
362  ; Hooper,  Pharm.  J.  1886,  17,  61  ; Jung- 
fleisch,  J.  Pharm.  Chim.  1887,  15,  5 ; Leger, 
ibid.  1904,  19,  427  ; Montemartini  and  Bovini, 
Gazz.  chim.  ital.  1916,  46,  153). 

De  Vrij  proposed  a method  of  precipitating 
the  quinine  as  neutral  chromate  (Arch.  Pharm. 
1887,  24,  1073),  which  was  severely  criticised 
by  Hesse  (Pharm.  J.  1887,  17,  585,  665  ; see 
also  Paul,  ibid.  585,  footnote). 

Schaefer  (Arch.  Pharm.  1887,  25,  64)  pro- 
posed a separation  by  means  of  the  insoluble 
neutral  oxalate  of  quinine,  but  the  separation 
is  not  complete. 


A better  method  is  that  proposed  by  De 
Vrij  (Chem.  Zeit.  1885,  968),  and  recommended 
by  Hesse  (Pharm.  J.  1886,  17,  486)  and  D. 
Howard  (Pharm.  J.  1896,  3,  505),  which  takes 
advantage  of  the  fact  that  when  5 grams  of 
quinine  sulphate  are  dissolved  in  12  c.c.,  of 
N/IH2SO4,  and  allowed  to  crystallise,  80-90  p.c. 
of  the  quinine  crystallises  out  as  bisulphate, 
the  whole  of  the  cinchonidine  remaining  in  the 
mother  liquor.  The  crystal  is  filter-pumped 
and  washed  with  3 c.c.  of  cold  water,  and  the 
filtrate  shaken  into  16  c.c.  ether  (sp.gr.  0*721- 
0*728)  and  3 c.c.  of  ammonia  (sp.gr,  0*959),  and 
left  to  stand  for  24  hours,  preferably  at  0°. 
The  cinchonidine  crystallises  out  and  may  be 
filtered  off,  washed  with  a little  water  saturated 
with  ether,  dried,  and  weighed.  Hesse  points 
out  that  this  cinchonidine  is  not  pure,  but 
consists  of  a double  compound  of  quinine  and 
cinchonidine  (C2oH2402N2'2Ci9H220N2) ; and  a 
portion  of  the  cinchonidine  is  also  soluble  in 
the  ethereal  quinine  liquor,  these  errors  almost 
exactly  compensating  each  other  (Howard,  l.c.). 
However,  should  quite  accurate  results  be 
desired,  the  process  may  be  modified  by  evapor- 
ating the  first  bisulphate  mother  liquor  until  it 
will  again  crystallise  (sp.gr.  1*100),  filter-pump 
the  crystals  and  wash  as  before,  and  shake  this 
more  concentrated  cinchonidine  liquor  into 
ether  and  ammonia  solution.  The  impure 
cinchonidine  obtained  is  dried  and  weighed, 
then  dissolved  in  hot  absolute  alcohol,  and  2*1 
c.c.  of  50  p.c.  H2SO4  added  for  each  gram,  and 
allowed  to  cool  and  stand,  when  the  cinchonidine 
crystallises  out  entirely  as  tetrasulphate.  This 
is  filtered  off  on  the  pump,  washed  with  a little 
alcohol,  dissolved  in  water,  precipitated  with 
sodium  hydi’oxide,  filtered,  washed  with  water, 
dried,  and  weighed  as  alkaloid.  The  alcohol 
mother  liquor  is  diluted  with  water,  the  alcohol 
evaporated  off  on  the  water- bath,  the  two  lots 
of  bisulphate  crystals  added,  and  the  solution 
diluted  and  neutralised  with  ammonia,  when, 
on  cooling,  the  pure  quinine  sulphate  crystallises 
out  and  may  be  filtered  off,  dried,  and  weighed. 

For  rough  quinine  sulphate  products  (a)  it 
is  best  to  dissolve  them  in  40  times  their  weight 
of  boiling  water  in  a flask,  add  10  p.c.  of  animal 
black  and  a fev/  drops  of  dilute  sulphuric  acid, 
boil  for  20  minutes,  filter,  and  allow  to  crystal- 
lise. Filter  off  the  quinine  sulphate  and  return 
the  mother  liquor  to  the  flask,  together  with  the 
filter-paper  and  animal  black ; boil  for  20  minutes, 
filter  at  the  pump,  wash  the  filter-paper  with 
two  or  three  lots  of  boiling  water,  evaporate  down 
to  about  one-sixth  of  its  bulk  and  neutralise  with 
ammonia  to  litmus  paper.  Allow  to  cool  and 
crystallise,  filter  off  the  quinine  sulphate,  and 
add  this  to  the  first  crystals.  Dry  and  weigh 
the  decolourised  quinine  sulphate.  This  should 
then  be  put  through  one  of  the  tests  for  cinchoni- 
dine given  above,  for  preference  De  Vrij’s 
bisulphate  test.  The  mother  liquor  from  the 
decolourised  sulphate  is  added  to  the  mother 
liquor  from  which  the  original  impure  sulphate 
was  obtained,  and  is  put  through  tests  for  other 
alkaloids  described  under  the  ‘ Assay  of  Cinchona 
Barks.’  It  should  be  noted  here  that  neutral 
quinine  sulphate  is  absorbed  from  its  solutions 
by  animal  black  (up  to  15  p.c.  of  the  weight 
of  black  used),  and  for  that  reason  ‘ blacking  ’ 
in  neutral  solution  is  not  permissible. 
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For  commercial  quinine  sulphates  (6)  similar 
methods  to  the  above  may  be  employed,  but 
as  no  (or  infinitesimal)  colouring  matter  is 
present  the  first  decolourising  process  is  not 
required.  But  as  the  above  methods  take 
considerable  time  to  carry  out  the  pharmacopoeias 
adopt  a qualitative  test,  in  various  forms, 
suggested  by  Kerner  (Zeitsch.  anal.  Chem. 
1862,  150  ; Arch.  Pharm.  1878,  14,  438  ; ibid. 
1887,  25,  712,  749).  This  test  depends  upon  the 
fact  that  quinine  sulphate  is  the  least  soluble 
of  the  sulphates  of  the  cinchona  bases  ; and 
that  quinine  is  the  most  soluble  of  the  common 
bases  in  dilute  ammonia.  When  2 grams  of 
pure  quinine  sulphate  is  shaken  with  20  c.c. 
of  water  at  60°  for  some  time,  and  then  cooled 
to  15°  for  at  least  half  an  hour  (to  prevent  super- 
saturation), it  gives  a filtrate  which  precipitates 
with  aqueous  ammonia  (sp.gr.  0'959),  the  pre- 
cipitate just  redissolving  when  4 ‘3  c.c.  ammonia 
have  been  added.  Now,  quinine  sulphate  con- 
taining any  of  the  other  cinchona  sulphates 
when  treated  in  this  manner  takes  more  ammonia 
to  give  a clear  solution ; and  by  this  means 
some  idea  of  the  purity  of  the  quinine  sulphate 
is  obtained.  This  test  has  been  universally 
adopted  by  the  pharmacopoeias,  to  which 
reference  should  be  made  for  full  details,  as  the 
directions  vary  in  the  different  pharmacopoeias. 
Quinine  sulphate  containing  about  5 p.c.  total 
of  cinchonidine  and  hydroquinine  sulphates 
will  require  between  6 and  7 c.c.'  of  ammonia, 
while  one  containing  about  10  p.c.  of  these 
impurities  will  require  alfout  10  c.c.  Points  to 
be  noticed  in  applying  the  test  are  that  the 
weights  of  quinine  sulphate  and.  water  taken  do 
not,  within  reasonable  limits,  affect  the  result ; 
the  solution  should  be  cooled  gradually  to  15° 
(never  below),  and  retained  at  that  temperature 
for  not  less  than  30  minutes ; the  filtration 
should  be  rapid  and  the  mixing  very  carefully 
done  by  gently  rotating  and  tilting  the  testing 
tube,  otherwise  clotting  of  the  precipitate  may 
take  place  and  a false  result  obtained.  This 
test  is  greatly  influenced  should  the  quinine 
sulphate  have  an  alkaline  reaction  (presence  of 
free  quinine),  when  the  result  is  much  in  excess 
of  that  required  for  a neutral  sulphate  of  the 
same  degree  of  purity  (D.  Howard,  Pharm.  J. 
1896,  iv.  3,  505)  ; and  also  by  the  presence  uf 
alkaline  sulphates,  which  make  it  appear  purer 
than  it  is  (Tutin,  Pharm.  J.  1909,  iv.  29,  606). 
These  points  should  be  ascertained  by  testing 
the  filtrate  for  neutrality  with  litmus  paper ; 
and  by  evaporating  5 c.c.  to  dryness  and  constant 
weight,  when  the  residue  should  not  weigh 
more  than  0’008  gram,  showing  the  absence  of 
soluble  inorganic  salts  (Biginelli,  Monit.  Scient. 
1908,  22,  175).  Should  the  cooling  of  the 
mixture  be  carried  out  above  15°  a larger 
amount  of  ammonia  will  be  required,  and 
between  15°  and  20°  a correction  of  0'5  c.c.  of 
ammonia  for  each  degree  above  15°  may  be 
applied. 

Hydroquinine  is  best  tested  for  by  dis- 
solving the  quinine  sulphate  in  dilute  H2SO4, 
cooling  to  0°,  and  adding  4 p.c.  permanganate 
solution  with  constant  stirring,  so  long  as  it  is 
rapidly  decolourised.  The  solution  is  then 
warmed,  the  coagulated  manganese  dioxide 
filtered  off,  the  filtrate  made  alkaline  with 
ammonia  and  shaken  out  with  ether.  The  ether 


solution  filtered  and  dried  to  constant  weight 
will  give  the  amount  of  hydroquinine  present. 

Quinidine,  cinchonine,  and  amorphous  alka- 
loid, which  are  seldom  met  with  except  in  very 
rough  quinine  sulphate,  are  best  estimated  by 
recrystallising  the  salt  and  putting  the  mother 
liquor  through  the  process  given  under  the 
‘ Assay  of  Cinchona  Barks.’ 

Cupreine,  never  present  now  in  commercial 
barks,  may  be  estimated  by  shaking  the  re- 
crystallised quinine  sulphate  into  ether  and 
sodium  hydroxide,  running  off  the  aqueous 
portion,  and  washing  it  twice  with  more  ether. 
The  aqueous  liquor  is  then  run  into  a basin, 
acidified  with  sulphuric  acid,  and  neutralised 
with  ammonia.  On  cooling  any  cupreine  sul- 
phate present  crystallises  out. 

For  the  estimation  and  examination  of 
quinine  sulphate,  see  Hille,  Arch.  Pharm.  1903, 
241,  54 ; and  Lenz,  Zeitsch.  anal.  Chem.  1888, 
27,  549. , 

Kerner’s  test  is  recommended  also  for  the 
other  salts  of  quinine  by  all  the  pharmacopoeias, 
but  Tutin  (Z.c.)  has  pointed  out  that  the  results 
obtained  are  quite  useless  ; this  is  confirmed 
by  the  present  writers’  experience.  The  best 
method  of  examination  of  quinine  salts,  other 
than  sulphate,  is  that  of  obtaining  the  alkaloid 
by  putting  through  ether  and  ammonia,  and 
following  the  procedure  given  under  ‘ Assay  of 
Cinchona  Barks.’ 

Quinine  disulphate  B-H2S04,7H20  crystal- 
lises out  in  white  rhombic  prisms  when  the 
normal  sulphate  is  dissolved  in  an  equivalent 
of  5 p.c.  H2SO4.  The  salt  effloresces  readily, 
losing  6H2O  over  sulphuric  acid,  and  becoming 
anhydrous  at  100°.  When  fully  hydrated  the 
salt  softens  at  60°,  and  as  it  melts  gradually 
decomposes  into  quinicine  bisulphate  (Howard 
and  Chick,  Pharm.  J.  1917,  99,  143).  The  de- 
hydrated salt  melts  at  160°.  It  has  an  intensely 
bitter  taste  and  the  aqueous  solution  is  strongly 
fluorescent.  It  is  soluble  in  10  parts  of  water 
and  in  45  parts  of  alcohol  at  15°  ; in  18  parts  of 
glycerin,  920  parts  of  chloroform,  and  in  1770 
parts  of  ether  at  25°  ; in  1 part  of  water,  and 
0'5  part  of  alcohol  at  60°.  On  exposure  to 
light  it  turns  yellow  to  brown  on  the  surface 
of  the  crystals.  This  salt  is  usually  very  pure 
on  account  of  the  bi-sulphates  of  the  other  bases 
being  much  more  soluble. 

Quinine  tetrasulphate  B2H2S04,7H20  is  ob- 
tained by  dissolving  the  bisulphate  in  excess  of 
strong  sulphuric  acid  and  concentrating  over 
H2SO4.  It  is  very  soluble  in  water,  less  so  in 
alcohol  (Hesse,  Annalen,  1873,  166,  222). 

Quinine  hydrochloride  B'HC1,2H20  is  ob- 
tained by  decomposing  a solution  of  quinine 
sulphate  with  barium  chloride.  It  forms  long 
needles,  which  become  anhydrous  at  100°,  and 
melt  at  158°-160°  without  decomposition. 
The  commercial  salt  contains  about  8 p.c.  H2O, 
and  is  usually  very  pure.  It  is  soluble  in  40  parts 
of  water,  in  9 parts  of  chloroform,  and  in  3 parts 
of  alcohol  at  15°  ; in  1 part  of  boiling  water 
or  90  p.c.  alcohol.  It  is  largely  replacing  the 
sulphate  in  medicine  on  account  of  its  superior 
solubility. 

Quinine  dihydrochloride  B-2HC1,  made  by 
adding  an  equivalent  of  hydrochloric  acid  to 
the  normal  hydrochloride  and  carefully  drying. 
It  is  a white  crystalline  powder  containing 
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2-3  p.c.  HgO.  Soluble  in  0’75  part  of  water, 

5 parts  of  alcohol,  or  7 parts  of  chloroform,  at 
15°  ; insoluble  in  ether. 

Quinine  hydro  bromide  B-HBr,H20,  made 
similarly  to  the  hydrochloride,  or  by  dissolving 
q uinine  alkaloid  in  one  equivalent  of  HBr. 
Long  white  silky  needles,  soluble  in  50  parts  of 
water,  7 parts  of  alcohol,  or  10  parts  of  chloro- 
form at  15° ; in  1 part  of  boiling  water.  It 
fuses  at  152°,  melting  completely  at  200°. 

Quinine  dihydrobromide  H-2HBr,3H20,  made 
by  adding  one  equivalent  of  HBr  to  the  normal 
hydrobromide.  Large  yellowish  prisms,  melting 
at  81°-82°,  and  soluble  in  7 parts  of  water  at 
15°.  Very  soluble  in  hot  water  or  alcohol, 
insoluble  in  ether. 

Other  salts  of  quinine  in  use,  with  their 
solubilities  in  water,  and  the  amount  of  alkaloid 
they  contain  are  : — 

Acetate  B’CHgCOOH,  1 in  30  at  15°  (84‘4 
p.c.) ; arsenate  B2H3As04,8H20,  1 in  650  at 
25°  (69'4  p.c.) ; bi-arsenate  B'H3As04,2H20 

(64  5 p.c.)  ; arsenite  B3'H3As03,4H20,  1 in  150 
hot  (83’1  p.c.) ; arrhenalate  B2‘AsCH30  (86’4 
p.c.)  ; arsanilate  (p-amidophenylarsenate) 
B’NH2*C6H4*As02H,  1 in  635  at  15°  (61 ’8  p.c.)  ; 
benzoate  B-C7He02,  1 in  350  at  25°  (72-6  p.c.)  ; 
bimurcarbamide  B'C0(NH2)2‘2HC1,5H20,  1 in  1 
at  15°  (59’3  p.c.) ; camphorate 

B2’C4oHjg04,4H20, 

insoluble  (70-4  p.c.) ; carbonate  B"H2C03,H20, 
soluble  (73-7  p.c.) ; carbolate  B-CgHgOH  (77’5 
p.c.) ; chlorate  (B“HC103)4,7H20  (73-6  p.c.)  ; 
chloromercurate  B’2HCl'HgCl2  (48-5  p.c.) ; 

chloroplatinate  B2’H2PtClg,3H20  (58-3  p.c.); 
bichloroplatinate  B-HaPtClgjHgO  (43*1  p.c.)  ; 
chromate  B2’H2Cr04,2H20,  1 in  3150  at  25°, 
(80’8  p.c.)  ; bichromate  B*H2Cr04,8H20  (55’3 
p.c.)  ; cinnamate  B-C9H802  (68’6  p.c.)  ; citrate 
(basic)  B2’CgH807,3H20,  1 in  1200  at  15° 
(72-5  p.c.)  ; citrate  (neutral)  B3(C6H807)2, 

1 in  890  at  17°  (71 ‘7  p.c.)  ; citrate  (acid) 
B'CgHgO^,  1 in  640  at  17°  (62‘8  p.c.)  ; ethyl- 
sulphate  B-H-C2H5S04  (71-2  p.c.);  bi-ethyl- 
sulphate  B'(H'C2H5-S04)2  (56‘2  p.c.)  ; formate 
(quinoform)  B-CH202,H20,  1 in  19  at  15° 
(83*5  p.c.)  ; bi-formate  B-(CH202)2  (77'9  p.c.)  ; 
glycerophosphate  (‘  Kineurine  ’) 

B2-C3H703-H2P04,4H20 

1 in  850  at  25°  (72'6  p.c.) ; bi-glycerophosphate 
B’C3H703'H2P()4,10H20  (46‘8  p.c.)  ; hydro- 
chlorophosphate  B-HCP(H3P04)2,3H20,  1 in  2 
at  15°  (53*0  p.c.) ; hydrochlorosulphate 

B2-2HCPH2S04,3H20 

1 in  2 at  15°  (74*4  p.c.)  ; hydrofluoride  B-HF 
(insoluble)  (94 ‘2  p.c.)  ; hydriodide  B'Hl,  1 in 
205  at  25°  (71-7  p.c.)  ; bi-hydriodide  B-2H1,5H20 
1 in  20  at  15°  (48 ’4  p.c.)  ; hypophosphite 
B*H3P02,  1 in  250  at  15°  (834  p.c.) ; isobutyl- 
formate  B'CgHjgOg  (764  p.c.)  ; isovalerianate 
B-C5Hjg02  (764  p.c.) ; lactate  B'CgHgOg,  1 in  6 
at  15°  (78-3  p.c.)  ; methylsulphate  B-HCH3S04 
(74-3  p.c.) ; nitrate  B-HN03,H20,  1 in  70  at 
25°  (80-0  p.c.)  ; oxalate  B2*C2H204,6H20,  1 in 
1400  at  25°  (76 '6  p.c.)  ; binoxalate 

BC2H204,H20 

(75-0  p.c.)  ; perchlorate  B-2HC104.,7H.,p  (49  8 
p.c.)  ; periodide  B-HIg  (insoluble)  (45-9  p.c.)  ; 
phosphate  B2'H3P04,8H20,  1 in  800  at  25° 


(72-8  p.c.) ; quinate  B'C7Hj20g,2H20,  1 in  7 at 
15°  (58-7  p.c.) ; salicylate  B-C^HgOg,  1 in  230 
at  15° (70*2 p.c.);  bi-salicylate B(C7Hg03)2,2^H20 
(50 ’2  p.c.) ; acetyls  alley  late  (aspirin-quinine  or 
‘ xaxaquin  ’)  B-C6H40C0,CH3C00H,  1 in  33  at 
15°  (64 ‘3  p.c.) ; dibromsalicylate  (‘  bromo- 

chinal  ’)  B-C7H403Br2  (52-3  p.c.)  ; succinate 
B2‘C4Hg04,8H20  (7L2  p.c.);  sulphocyanide 

B’HCNJ8,H20  (80 "8  p.c.) ; bi-sulphocyanide 

B'2HCNS,|^H20  (71‘8  p.c.);  tannate  (very 

varied  composition),  about  1 in  2000  at  15°  ; 
(20-30  p.c.) ; tartrate  B2‘C4Hg0g,H20.  1 in 
1000  at  15°  (79'4  p.c.)  ; bitartrate  B‘C4Hg0g,H20 
(65 '8  p.c.)  ; urethane-hydrochloride 

B(C3Hg02NH2)2-HCl 
very  soluble  (604  p.c.) ; valerianate 
B-CgH4o02,H20 

1 in  120  at  15°  (73-0  p.c.).  There  are  three 
general  methods  employed  in  making  quinine 
salts  : (1)  to  decompose  as  aqueous  solution  of 
quinine  sulphate  with  the  barium  salt  of  the 
acid ; (2)  to  dissolve  quinine  alkaloid  in  a 

dilute  aqueous  solution  of  the  acid ; and  (3) 
to  dissolve  quinine  alkaloid  and  the  acid  in 
separate  portions  of  anorganic  solvent  by  heating, 
mix  the  solutions,  and  allow  to  cool  and  crystal- 
lise, or  evaporate  off  the  solvent. 

Quinine  Esters. — The  following  esters  of 
quinine  are  also  in  use  : — 

Acetylquinine  C20H23O2N2  COCH3,  made  by 
heating  quinine  alkaloid  with  acetic  anhydride 
at  60°-80°  for  several  hours.  The  product  is 
diluted  with  water,  precipitated  with  ammonia, 
the  acetylquinine  collected,  dried,  and  recrystal- 
lised from  petroleum  ether;  m.p.  116°-117°. 
Anisylquinine 

C20H23ON2— 0— CO  •CgH4-OCH3 
made  by  heating  quinine  alkaloid  with  phenyl- 
anisate  at  120°- 130°  for  several  hours.  The 
warm  melted  mass  is  treated  with  benzene  and 
the  free  phenol  removed  with  dilute  NaOH. 
The  ester  is  shaken  out  with  dilute  acid.  Fine 
white  needles.  M.p.  87°-88°. 

Benzoyl-quinineCgoHagONa -0  CO •C6H5,made 
in  a similar  way  to  the  above,  by  heating 
together  quinine  alkaloid  and  phenyl  benzoate 
for  several  hours  at  130°-140°. 

Cinnamyl-quinine  C20H23ON2 '0  COCgH,, 
made  by  treating  quinine  suspended  in  benzene 
wdth  a solution  of  cinnamyl  chloride  in  benzene. 
Tasteless  needles,  soluble  in  hot,  sparingly 
soluble  in  cold,  water.  M.p.  235°-236°. 
Diquinine  carbonate  (‘ Aristoquinine ’) 

(C2oH230N2-0).2CO 

made  by  adding  ■ quinine  alkaloid  to  a solution 
of  phosgene  in  benzol,  washing  the  resulting 
mass  with  water,  and  recrystallising  the  rough 
aristoquinine  from  alcohol.  It  forms  crystalline 
groups  of  needles  of  m.p.  189°.  It  is  an  im- 
portant ester  on  account  of  its  tastelessness  and 
its  high  percentage  of  quinine  —964  p.c. 

Quinine  ethyl  carbonate  (Euquinine) 

C2oH230NoO,CO-OC2H5 

is  similarly  made  by  adding  quinine  to  a benzol 
solution  of  ethylchloroformic  ester.  It  occurs 
as  white  needles,  tasteless ; m.p.  95°.  Easily 
soluble  in  alcohol,  ether,  and  chloroform,  not 
in  water.  It  gives  the  thalleioquin  reaction  and 
fluoresces  in  dilute  H2SO4.  It  forms  similar 
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salts  to  qainiiie,  but  does  not  give  the  here- 
pathite  reaction.  Its  salicylate,  a white  taste- 
less crystalline  powder,  m.p.  195°,  is  the  only 
commercial  salt. 

Salicylquinine  (‘  Saloquinine  ’) 

CaoHagONa-O-COCgH^OH 
made  by  heating  quinine  alkaloid  with  salol 
for  several  hours  at  140°- 150°.  It  crystallises 
from  ether  in  large  colourless  crystals  insoluble 
in  water ; m.p.  140°.  Its  salicylate  is  known 
as  ‘ Rheumatine.  ’ 

Quinine  carbophenetidide  (‘ Chinaphenine ’) 
C2oH230N2'0’CONHC6H40C2H5  occurs  as  a 
white  tasteless  powder,  slightly  soluble  in 
water,  easily  soluble  in  organic  solvents. 

Hydroquinine,  its  derivatives  and  salts. 

Hydroquinine  C20H26O2N2  is  invariably 
present  in  commercial  quinine  sulphate  to  the 
extent  of  1-2  p.c.  It  may  be  prepared  (and 
estimated)  by  converting  the  quinine  sulj)liate 
into  bisulphate  by  the  addition  of  12  c.c.  of 
N/IH2SO4  for  each  5 grams  of  salt  taken, 
filtering  off  the  crystals,  evaporating  the  mother 
liquor  again  to  crystallising-point,  filtering  off 
the  second  crystals,  adding  ice  to  the  mother 
liquor  till  cooled  to  0°  and  then  adding  ice-cold 
permanganate  solution  drop  by  drop  with 
constant  stirring  until  the  colour  of  the  per- 
manganate is  no  longer  rapidly  discharged. 
The  liquor  is  now  warmed  until  the  manganese 
oxide  coagulates,  when  it  is  filtered  and  shaken 
with  ammonia  and  ether.  The  aqueous  portion 
is  given  two  more  washes  with  ether,  the  ethereal 
solutions  bulked  and  evaporated  to  dryness, 
the  hydroquinine  alkaloid  being  obtained  as 
a pale  yellow  crystalline  mass. 

Commercially,  hydroquinine  is  now  pre- 
pared by  the  hydrogenisation  of  quinine  sulphate 
in  dilute  acid  solution  in  the  presence  of  (a) 
spongy  metals  of  the  platinum  group  (D.  R.  P. 
252136,  1912) ; (b)  palladium  black  (Eng.  Pat. 
3948,  1912)  ; (c)  palladium  coated  on  barium 
sulphate  (D.  R.  P.  234137,  1911);  or  (d)  by 
the  action  of  2 p.c.  formic  acid  in  the  presence  of 
palladium  (D.  R.  P.  267306,  1913).  In  the 
last  process  the  formic  acid  decomposes  into 
carbon  dioxide,  which  escapes,  and  hydrogen, 
which  enters  the  quinine  molecule  at  the  vinyl 
group. 

Hydroquinine  crystallises  in  fine  anhydrous 
needles  from  chloroform  or  ether,  readily  soluble 
in  most  organic  solvents,  sparingly  in  water,  but 

more  soluble  in  dilute  ammonia,  rap  = — 142 ‘2° 

in  95  p.c.  alcohol  (c=2‘4  p.c.),  m.p.  172°.  In 
physical  and  chemical  properties  it  closely 
resembles  quinine,  forming  similar  crystalline 
salts  of  like  solubility. 

The  chief  salts  of  hydroquinine  are  : acetate 
B'C2H49255H20,  needles,  soluble  in  water  and 
alcohol;  arsenate  B2’H3As04,10H20 ; ben- 
zoate B'CyHgOg,  soluble  in  alcohol;  chromate 
B2'H2Cr04,6H20,  yellow  needles,  soluble  1 in 
663  of  water  at  15°  ; eitrate  B2’C6H8O7,10H2O, 
sparingly  soluble  in  water ; hydrobromide 
B-HBr,2H20,  needles,  freely  soluble  in  water; 
dihydrobromide  B’2HBr,3H20,  needles,  very 
soluble  in  water;  hydrochloride  B'HC1,2H20, 
long  fiat  prisms,  freely  soluble  in  water  and 
alcohol ; dihydrochloride  B'2HC1,  very  soluble 
in  water;  herepathite,  4B-3H2S04'2HI-l4,6H20, 


insoluble ; hydriodide  B’HI,  amorphous,  freely 
soluble  in  water;  dihydriodide  B’2H1,4H20, 
yellow  crystals,  soluble  in  hot  water ; iodo- 
hydriodide  B’2HI  •I4,  dichroic  needles  ; hypo- 
sulphite B2'H2S203,2H20,  small  prisms,  sparingly 
soluble  in  water;  oxalate  B2'C2H204,6H20, 
sparingly  soluble  in  water ; phosphate 
B2*H3P04,7H20,  needles,  sparingly  soluble  in 
water  ; platinochloride  B2’H2PtCl8,3H20,  amor- 
phous, sparingly  soluble  in  water ; diplatino- 
chloride  B‘H2PtCl6,2H20,  amorphous,  sparingly 
soluble  in  water;  salicylate  B’C7Hg03,  needles, 
soluble  in  alcohol ; sulphate  B2 '142804,  6 or 
8H2O,  needles,  soluble  in  348  of  water  at  15°  ; 
disulphate  B'H2S04,3H20,  long  thin  needles, 
very  soluble  in  water  ; tetrasulphate  B'2H2S04, 
amorphous,  very  soluble  in  water ; tartrate 
B2'04HgOg,2H2O,  prisms,  soluble  in  545  parts 
of  water  at  17°. 

Hydroquinine  unites  with  1 moleeule  of 
cupreine,  quinidine,  or  hydro  quini  dine,  and  with 
2 and  3 molecules  of  cinchonidine  or  hydro- 
cinchonidine  to  form  crystalline  compounds 
(Hesse,  Ber.  1882,  15,  854 ; Annalen,  1887, 
241,  255  ; Pum,  Monatsh.  1895,  16,  72). 

Hydroquinicine.  On  heating  hydroquinine 
disulphate  to  140°  it  is  converted  into  its  isomer 
hydroquinicine.  The  pure  base  is  obtained 
by  pouring  the  melted  mass  into  water,  and 
shaking  the  solution  with  NaOH  and  ether. 
The  residue  left  on  evaporation  when  dissolved 
in  alcohol  and  neutralised  with  H2SO4  yields 
the  crystalline  sulphate,  which  is  filtered  off 
from  the  thick  brown  mother  liquor  and  re- 
crystallised  to  give  the  pure  salt,  in  delicate 
acicular  colourless  needles  readily  soluble  in 
water  and  in  alcohol.  A solution  of  the  sulphate 
in  water  is  pale  yellow,  which  on  acidification 
assumes  an  intense  yellowish-green  colour. 
Alkaline  hydroxides  precipitate  the  free  alkaloid 
as  a resinoid  mass  which  gradually  dissolves  in 
ammonia  or  ammonium  salts  solutions,  but  not 
in  the  fixed  alkalis.  The  hydrochloride  is 

150 

amorphous  and  gives  [a]^  = — 17°,  c=3  in 

excess  of  dilute  HCl.  It  yields  a platino- 
chloride B'H2PtClg,H20,  as  a pale-yellow  floccu- 
lent  precipitate  changing  to  orange -coloured 
crystals,  insoluble  in  water  and  sparingly  soluble 
in  dilute  HCl.  An  ethereal  solution  of  oxalic 
acid  produces  in  an  ethereal  solution  of  the 
alkaloid  an  amorphous  brown  precipitate, 
soluble  in  chloroform.  This  distinguishes  it 
from  quinicine,  which  yields  a voluminous  pre- 
cipitate of  minute  needles  under  similar  condi- 
tions. 

Hydro  cupreine  C19H24O2N2  is  derived  from 
hydroquinine  by  heating  it  with  8 parts  of 
HCl  (sp.gr.  1'125)  at  150°  in  sealed  tubes.  The 
unchanged  hydroquinine  is  removed  by  shaking 
the  acid  solution  with  NaOH  and  ether,  the 
hydrocupreine  being  obtained  as  sulphate  by 
neutralising  the  alkaline  layer  with  dilute 
H2SO4.  The  free  alkaloid  forms  a crystalline 
powder  Ci9H2402N2,2H20,  freely  soluble  in 
organic  solvents,  slightly  soluble  in  ammonia. 
It  melts  at  168°- 170°,  is  strongly  basic,  forming 
crystalline  salts,  but  is  also  phenolic,  dissolving 
in  alkalis.  Its  sulphate  B2'H2S04  is  sparingly 
soluble  in  water  and  in  alcohol,  the  dihydro- 
chloride B'2HC1,H20  being  freely  soluble.  It 
forms  a sparingly  soluble  crystalline  tartrate 
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B2‘C4Hg06,2H20,  and  an  orange-red  crystalline 
platinochloride  B*H2PtCl2,  insoluble  in  water 
and  dilute  HCl.  Hydrocupreine  is  important 
as  it  is  the  source  of  the  alkyl-hydrocupreines 
of  which  ethyl-hydrocupreine  hydrochloride 
^211^2802^2 ‘HCl  {optochin)  has  been  tried 
recently  as  a specific  for  pneumonia  (Morgenroth, 
Berk  Klin.  Woch.  1911,  34,  44;  ihid.  1914, 
47-48  ; Sir  Almroth  Wright,  Lancet,  1912,  1633, 
1705 ; Pyman,  Chem.  Soc.  Trans.  1917,  662, 
1127)  ; and  the  isoctyl  derivatives  as  a wound 
disinfectant  (Morgenroth  and  Tugendreich, 
Biochem.  Zeitsch.  1917,  79,  257  ; Schaeffer, 
ibid.  1917,  83,  269  ; Bieling,  ibid.  1918,  85,  188). 

Ethyl-hydrocupreine  hydrochloride  occurs  as 
a white  crystalline  powder,  m.p.  242°,  soluble  in 
10  parts  of  water,  giving  a blue  fluorescence  with 
dilute  H2SO4,  and  having  a bitter  flavour.  Soluble 
in  90  p.c.  alcohol.  The  free  alkaloid  is  precipi- 
tated by  NaOH,  and  is  soluble  in  chloroform. 

The  hydrochlorides  of  the  higher  alkyl- 
hydrocupreines  are  insoluble  in  water,  the 
dihydrochlorides,  which  are  soluble  in  30-40 
parts  of  water,  being  the  salts  prepared  for  use. 
Iso-octyl-hydrocupreine  dihydrochloride  (‘Vu- 
zin  ’)  occurs  a-s  a greenish-yellow  amorphous 
powder  giving  a milky  solution  in  30-40  parts  I 
of  water,  which  at  higher  dilution  is  merely 
opalescent. 

Quinidine,  its  Derivatives  and  Salts. — Quinidine 
(originally  called  ‘ conquinine ’)  (C20H24O2N2), 
the  only  known  natural  stereo -isomer  of  quinine, 
occurs  in  most  cinchona  barks,  especially  C. 
pitayensis,  and  also  in  cuprea  bark.  It  was 
not  prepared  commercially  at  one  time,  but 
was  precipitated  with  the  amorphous  alkaloids 
in  the  quinine  tails,  the  whole  being  termed 
‘ quinoidine.’  This  was  then  a convenient 
source  of  quinidine,  which  could  be  extracted 
from  the  powdered  quinoidine  by  means  of 
ether  (Hesse,  Annalen,  1868,  146,  357  ; 1873, 
166,  232).  However,  quinidine  is  now  extracted 
and  purified  on  the  commercial  scale,  only  a 
small  amount  being  precipitated  with  the 
amorphous  quinoidine.  It  is  most  conveniently 
isolated  from  the  quinine  mother  liquor  as 
hydriodide,  as  given  under  the  ‘ Assay  of 
Cinchona  Barks,’  being  the  least  soluble  of  the 
cinchona  hydriodides  in  neutral  aqueous  solution. 
It  crystallises  from  dilute  alcohol  in  large  pris- 
matic crystals  containing  2^H20,  losing  IH2O 
on  exposure  to  air.  From  ether  rhombohedra 
containing  2H2O  are  obtained,  and  from  boiling 
water  plates  containing  1|^H20.  From  benzene 
anhydrous  needles  separate  which  melt  with 

decomposition  at  17L5°  (corr.)  \a]^  =+236*5°- 

3*0c  in  97  p.c.  alcohol,  c = l-3.  It  is  soluble 
in  6900  parts  of  water  at  25°,  750  parts  at  100°, 
26  parts  of  alcohol  at  20°,  and  in  22  parts  of 
ether  at  20° ; slightly  soluble  in  chloroform, 
benzene,  amyl  alcohol,  and  carbon  disulphide. 

Chemically,  quinidine  behaves  similarly  to 
quinine,  yielding  salts  which,  however,  with 
the  exception  of  the  hydriodide,  are  more  soluble 
than  those  of  quinine.  Its  decomposition  pro- 
ducts are  also  the  same  as,  or  isomeric  with, 
those  of  quinine.  The  disulphate  on  heating 
with  acid  gives  quinicine.  Treated  with  fuming 
sulphuric  acid  the  alkaloid  yields  quinidine 
isosulphonic  acid  C2oH2302N2*HS03,|  identical 
with  the  product  obtained  from  quinine  under 


similar  treatment  (Hesse,  Annalen,  1892,  267, 
141).  By  the  action  of  permanganate  in  the 
cold  a base  quitenidine,  isomeric  with  quitenine 
(q.v.)  is  obtained. 

Quitenidine  C19H22O4N2  forms  thin  plates 
from  dilute  alcohol,  m.p.  246°,  soluble  in 
ammonia,  from  which  solution  it  crystallises 
in  large  prisms  on  evaporation.  It  is  readily 
soluble  in  boiling  water,  acids,  and  alkalis,  less 
so  in  alcohol.  Its  H2SO4  solution  is  fluorescent 
and  it  gives  the  thalleioquin  reaction,  which  on 
adding  ferrocyanide  turns  violet- black.  It 
yields  a sulphate  B*H2S04,3H20,  colourless 
prisms  ; and  a platinochloride  B*H2PtCl6,3H20, 
large  orange-yellow  crystals. 

Apoquinidine  C19H22O2N2,  isomeric  with 
apoquinine,  is  formed  similarly  by  heating  the 
base  in  a sealed  tube  to  140°  -vvith  HCl  (sp.gr. 
1*125).  It  is  a white  amorphous  powder, 
readily  soluble  in  alcohol  and  ether,  giving  the 
thalleioquin  reaction,  but  not  showing  fluores- 
cence with  H2SO4.  It  melts  at  137°  (uncorr.), 

and  has  [a]^^  = + 153*3°  in  97  p.c,  alcohol, 

c=2.  It  yields  a hydrochloride  in  needles 
easily  soluble  in  water.  Its  acetyl  derivative, 
unlike  the  base,  fluoresces  in  H2SO4  solution. 

Chloroquinidine  C20H23ON2CI  is  obtained 
similarly  to  its  isomer,  chloroquinine.  It  is 
readily  soluble  in  alcohol,  benzene  or  chloroform  ; 
m.p.  131°- 132°.  On  treatment  with  alcoholic 
potash  it  gives  the  same  product  as  chloro- 
quinine, i.e.  quinene, 

Hydrochloroquinidine  CaoHggClOaNg  is  ob- 
tained similarly  to  its  isomer,  hydrochloro- 
quinine.  It  forms  large  crystals  soluble  in 
alcohol  and  in  excess  of  ammonia.  It  gives  the 
thalleioquin  reaction.  By  longer  heating  methyl 
chloride  is  eliminated  and  hydrochlorapoquini- 
dine  results. 

a-Isoquinidine  C2oH.2402N2,2H20  is  formed 
together  with  hydrochloroquinidine  by  heating 
quinidine  with  HCl  (sp.gr.  1*189)  at  85°.  It 
forms  fine  rhombohedra  soluble  in  ether. 

Hydroiodoquinidine  C20H25IO2N2  is  obtained 
when  quinidine  is  dissolved  in  10  times  its 
weight  of  HI  (sp.gr.  1*9)  and  left  for  3 days 
in  the  dark.  Its  dihydriodide  crystallises 
in  large  yellow  tables,  m.p.  230°,  soluble  in 
alcohol.  Ammonia  liberates  the  base,  which  is 
recrystallised  from  alcohol  as  colourless  trans- 
parent prisms,  m.p.  205°-206°,  slightly  soluble 
in  water.  It  gives  the  thalleioquin  reaction 
and  yields  a crystalline  sulphate,  nitrate,  hydro- 
chloride, hydriodide,  and  platinochloride. 

Quinidine  Salts. — Sulphate  B2*H2S04,2H20 
crystallises  as  white  needles  or  long  hard 
prisms,  soluble  in  100  parts  of  water  at  15°,  or 
7 parts  at  100°,  20  of  chloroform  at  15°,  insoluble 
in  ether.  The  salt  requires  a temperature  of 
120°  for  dehydration,  and  reabsorbs  2H2O  on 

exposure  to  air,  =+211*5°  in  absolute 

alcohol,  c=l*94  p.c.  of  hydrated  salt.  A 
chloroform  solution  gradually  assumes  a 
yellow  colour  with  slight  green  fluorescence. 
On  shaking  this  solution  with  water  the  aqueous 
portion  acquires  a beautiful  green  fluorescence. 

Commercial  quinidine  sulphate  is  usually 
fairly  pure  ; cinchonine  is  the  most  frequent 
impurity,  cinchonidine  and  quinine  being  rarely 
found.  To”' test  for  other  alkaloids  dissolve 
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0‘5  gram  in  20  c.c.  of  warm  water,  add  0*5  gram 
of  KI,  and  stir  vigorously  for  a few  minutes. 
After  half  an  hour  hlter  off  the  insoluble  hydr- 
iodide  and  add  ammonia  to  the  filtrate.  If 
any  decided  precipitate  occurs  (none  with  the 
pure  salt)  shake  with  chloroform,  evaporate 
the  extract  to  dryness,  and  weigh.  Test  the 
residue  for  quinine,  cinchonidine,  and  cinchonine. 
Should  the  two  latter  be  present  the  precipitated 
hydriodide  will  tend  to  be  resinous  instead  of 
sandy  (De  Vrij,  Pharm.  J.  1877,  8,  745). 

Disulphate  B'H2S04,4H20  occurs  in  long 
asbestos  dike  prisms,  soluble  in  7 parts  of 
water  at  15°,  giving  a beautiful  blue  fluorescence. 

Other  salts  met  with  are : benzoate 
B-C7Hg02,H20,  soluble  in  alcohol;  chromate 
B’H2Cr04,6H20,  large  yellow  tables ; hydro- 
bromide B'HBr,  soluble  in  200  of  water  at  14° ; 
hydrochloride  B‘HC1,H20,  asbestos-like  needles, 
soluble  in  75  parts  of  water  at  15°,  [a]j3=  4-212° 
— 2‘56c  in  alcohol;  dihydrochloride  B‘2HC1,H20, 
very  soluble  in  water ; hydriodide  B ‘HI,  short 
prisms,  soluble  in  1250  of  water  at  15°,  very 
slightly  soluble  in  alcohol ; dihydriodide 
B'2HI,3H20,  large  golden  prisms,  soluble  in 
90  of  water  at  15°  ; hyposulphite 

B2'H2S203,2H20 

short  prisms,  soluble  in  415  of  water  at  10°  ; 
oxalate  B2'G2H204,H20,  soluble  in  151  of 
water  at  15°;  nitrate  B'HNOg,  small  prisms, 
soluble  in  85  of  water  at  15° ; phosphate 
B-H3P04,  short  prisms,  soluble  in  31  of  water 
at  10°  ; platinochloride  B2’H2PtCle,3H20,  orange 
needles  ; diplatinochloride  B‘H2PtCl6,H20,  yel- 
low amorphous  precipitate,  insoluble  in  water ; 
salicylate  B-C^HgOg,  soluble  in  1650  of  water 
at  25°;  succinate  B'C4Hg04,2H20,  fine  prisms,  j 
soluble  in  41  of  water  at  10°,  very  soluble  in  : 
alcohol;  sulphocyanide  B'HCNS,  colourless 
prisms,  soluble  in  1477  of  water  at  20° ; disul- 
phocyanide,  B’2HCNS,H20,  long  yellow  prisms  ; 
tannate,  indefinite  composition,  soluble  in  about 
1 in  2000  of  water  at  20°  ; tartrate 

B2'C*4H606,H20 

silky  prisms,  soluble  in  39  of  water  at  15°  ; 
bitartrate  B'C4Hg0e,3H20,  short  prisms,  soluble 
in  350  of  water  at  15°. 

Hydroquinidine  C20H26O2N2  usually  occurs 
in  commercial  quinidine  sulphate  sometimes  to 
the  extent  of  20  p.c.  It  may  be  separated  by 
repeated  recrystallisation  from  water,  but  it 
is  preferably  obtained  by  oxidising  quinidine 
sulphate  mother  liquors  with  permanganate  at 
0°  {v.  Hydroquinine). 

Quinidine  may  also  be  hydrogenated  in  the 
presence  of  palladium  black  yielding  hydro- 
quinidine. Forst  and  Behringer’s  statement 
that  this  base  is  formed  by  the  oxidation  of 
quinidine  is  inaccurate,  being  due  to  their 
using  quinidine  containing  hydroquinidine  (Ber. 
1881,  14,  1954 ; 1882,  15,  520,  854 ; Hesse, 
ibid.  1882,  15,  3010;  Annalen,  1888,  243, 
146).  It  forms  efflorescent  prismatic  needles 
containing  2IH2O,  m.p.  167°,  readily  soluble 
in  alcohol  and  chloroform,  slightly  soluble  in 
ether.  Its  rotatory  power  is  almost  the  same 
as  that  of  quinidine.  It  gives  the  thalleioquin 
reaction  and  behaves  generally  like  quinidine. 
Oxidation  with  chromic  acid  yields  quininic 
acid. 


Salts. — Its  sulphate  B2'H2S04,2H20  occurs  as 
fine  needles,  soluble  in  92 '3  of  water  at  16°,  or 
B2'H2S04,8H20,  thick  efflorescent  prisms  (Hesse). 
Its  H2SO4  solution  shows  blue  fluorescence. 
Other  salts  are  : benzoate  B'C^HgOg,  colourless 
plates ; hydrobromide,  fragile  scales,  slightly 
soluble  in  water ; hydrochloride  B'HCl,  short 
needles  or  thick  prismatic  plates,  readily 
soluble  in  water;  hydriodide  B'HI,  large 
colourless  needles,  very  slightly  soluble  in  water  ; 
dihydriodide  B-2HI,3H20,  orange-yellow  prisms, 
fairly  soluble  in  water  ; platinochloride 

B-H2PtCl6,2H20 

small  orange-yellow  needles;  salicylateB'C^HgOc, 
six-sided  plates ; tartrate  B2*C4Hg0g,2H20, 
brilliant  prisms,  readily  soluble  in  water ; 
bitartrate  B'C4Hg0e,3H20,  needles,  slightly 
soluble  in  water. 

Cinchonine,  its  Derivatives  and  Salts. — Cincho- 
nine (C49H22ON2)  occurs  in  all  cinchona  barks. 
It  is  readily  prepared  from  quinine  mother 
liquors,  after  removal  of  the  cinchonidine  as 
tartrate,  by  rendering  alkaline  and  shaking 
with  a limited  quantity  of  washed  ether.  The 
cinchonine  crystallises  out  from  the  ether  in 
small  hard  prisms,  and  may  be  filtered  off  and 
recrystallised  from  dilute  alcohol.  The  crystals 
melt  at  264°,  subliming  with  some  decomposition 
at  a higher  temperature  as  monoclinic  prisms. 
Ammonia  precipitates  the  alkaloid  from  acid 
solutions  in  white  flocks  gradually  becoming 
crystalline  ; but  from  hot  solutions  of  ammonium 
salts  cinchonine  displaces  ammonia.  The  freshly 
precipitated  alkaloid  is  much  more  soluble 
in  solvents  generally  than  crystalline  cinchonine. 
The  crystals  dissolve  in  3670  of  water  at  20°, 
in  2500  of  water  at  100°,  in  115  of  absolute 
alcohol  at  17°,  in  356  of  chloroform  at  17°, 
in  371  of  ether  (sp.gr.  0’730)  at  10°,  in  40  of 
amyl  alcohol  at  17°,  and  in  18  parts  of  a mixture 
of  alcohol  and  chloroform  (4  : 1)  at  17°.  Readily 
soluble  in  acids,  but  the  salts  of  cinchonine 
are  liable  to  hydrolyse  with  water  and  deposit 
alkaloid.  Cinchonine  is  easily  distinguished 
from  the  other  alkaloids  by  giving  neither 
fluorescent  solutions  nor  an  insoluble  tartrate, 

and  by  being  insoluble  in  ether,  [a]  =-f  226'5° 

in  97  p.c.  alcohol,  c=0’5.  Cinchonine  does  not 
give  the  thalleioquin  reaction.  On  oxidation 
it  yields  the  same  products  as  quinine,  except 
that  the  quinolinic  products  lack  the  ^-methoxy 
group. 

Cinchotenine  C18H20O3N2  is  obtained  on 
oxidising  cinchonine  with  permanganate  in  acid 
solution  (Skraup,  Annalen,  1879,  197,  374). 
It  is  purified  similarly  to  quitenine  {q.v.).  It 
forms  efflorescent  needles  or  plates  containing 

3H2O,  m.p.  198°.  [a]^^=  4-135°  in  alcohol 

solution,  c=2  of  hydrated  base.  A 2 p.c.  solu- 
tion in  dilute  H2SO4  gives  [a]^^=-l-175‘5°.  It 

gives  a platinochloride  B-H2PtCl6,  large  orange 
prisms,  and  an  aurichloride  B’H3Au2Cl8,  yellow 
needles  ; both  soluble  in  water  and  in  alcohol. 

Cinchotenicine  CjgHaoOgNa,  isomeric  with 
cinchotenine,  is  formed  from  it  by  heating  to 
140°  with  H2SO4.  A brown  amorphous  body 
soluble  in  water,  giving  amorphous  platino- 

and  auri-chlorides.  [“1^  =4-0‘9°- 
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Cinchoninic  acid  C^Hg-COOH  N (4-carboxy- 
qiiinoline),  obtained  by  oxidising  cinchonine 
with  chromic  acid  (v.  Qiiininic  acid).  Forms 
caifeinedike  needles  containing  IHgO,  or  tables 
or  prisms  with  2H2O  ; m,p.  253°-254°;  subliming 
with  decomposition  (Caventou  and  Willm, 
Annalen,  Supl.  1870,  7,  247  ; Skraup,  Annalen, 
1880,  201,  294).  It  is  only  slightly  soluble  in 
water,  more  so  in  acids  and  alkalis,  but  its 
salts  dissociate  in  water.  Heated  with  lime  it 
yields  quinoline.  Permanganate  oxidises  it  to 
a-carbocinchomeronic  acid  (Ramsay  and  Dobbie, 
Chem.  Soc.  Trans.  1884,  35,  189),  nitric  acid  at 
120°-140°  yields  cinchomeromic  acid  (Weidel, 
Annalen,  1874,  173,  76),  and  chromic  acid  gives 
kynurine  (Skraup,  Monatsh.  1888,  9,  783  ; 1896, 
17,  366).  On  fusion  with  potassium  hydroxide 
oxycinchoninic  acid  sublimes  (Konigs  and 
Kerner,  Ber.  1883,  16,  2152).  Cinchoninic  acid 
may  also  be  prepared  by  oxidation  of  lepidine 
and  4-ethylquinoline. 

Cinchene  C^gHgoNa  is  obtained  by  refluxing 
cinchonine  chloride  with  alcoholic  potash  (v. 
Quinene),  as  trimetric  tables,  m.p.  123°-125°. 
It  is  a ditertiary  base,  soluble  in  ether,  dextro- 
rotatory, and  yields  crystalline  salts.  On 
hydrolysis  with  25  p.c.  phosphoric  acid  it 
yields  lepidine  and  meroquinene.  Chromic  acid 
oxidises  it  to  cinchoninic  acid.  Treated  with 
bromine  in  chloroform  solution  two  isomeric 
dibromides  (a  and  /3)  of  cinchene  are  formed, 
both  of  which  are  converted  into  a new  base, 
dehydrocinchene  (C^gH^gNa),  with  loss  of  2HBr 
(Comstock  and  Konigs,  Ber.  1886,  19,  2857). 
Chlorine  reacts  similarly  to  bromine  with 
cinchene.  On  heating  cinchene  in  a sealed 
tube  with  HBr  (sp.gr.  L49)  to  190°  it  loses  a 
molecule  of  ammonia  and  adds  a molecule  of 
water  to  form  apocinchene  (v.  Apoquinene). 

Apocinchene  C^gH^gON,  colourless  needles, 
m.p.  209°,  volatilising  without  decomposing, 
soluble  in  alcohol,  acids,  and  alkalis  (Comstock 
and  Konigs,  Ber.  1881,  14,  1854 ; 1884,  17, 
1989).  Its  salts  give  yellow  solutions  which 
readily  hydrolyse,  and  its  solutions  in  alkalis 
are  precipitated  by  COg.  It  readily  forms 
ethers,  which  with  dilute  HNO3  oxidise  to  alkyl- 
apocinchenic  acids.  Chromic  acid  oxidises  it 
to  cinchoninic  acid  ; and  fusion  with  potassium 
hydroxide  gives  oxyapocinchene  CigH^gOaN,  a 
base  isomeric  with  apoquinene. 
Ethylapocinchenie  acid 

Ci^Hig-OCaHg-COOH-N 

on  refluxing  with  HBr  (sp.gr.  1*49)  gives  rise  to 
a lower  homologue  of  apocinchene  named 
homapocinchene  Ci7H;^50N.  This  body  melts 
at  184°- 185°,  is  very  soluble  in  ether,  benzene, 
or  hot  alcohol,  insoluble  in  water. 

Dihydrocinchene  CjgHgaNg  was  found  by 
Konigs  in  the  mother  liquors  from  apocinchene, 
and  was  derived  from  the  hydrocinchonine 
present  in  the  cinchonine  from  which  the  latter 
was  prepared. 

Cinchonine  chloride  C19H21N2CI,  obtained 
similarly  to  quinine  chloride  (q.v.).  It  crystal- 
lises in  prisms,  melting  at  72°,  and  is  dextro- 
rotatory. On  reduction  with  iron  and  H2SO4 
it  gives  desoxycinchonine  C4gH22N2,  m.p. 
90°-92°,  dextrorotatory.  With  alcoholic  potash 
cinchene  is  obtained  (q.v.). 

Cinchonine  dichloride  C19H22ON2CI2  is  made 


by  passing  chlorine  into  a cooled  HCl  solution 
of  cinchonine.  It  is  very  similar  to  dichloro- 
cinchonine,  and  may  be  identical  with  it. 

Dichlorocinchonine  C49H20OCI2N2  is  obtained 
by  passing  chlorine  into  a hot  concentrated 
alcoholic  solution  of  cinchonine  hydrochloride. 
It  crystallises  as  microscopic  needles  from 
alcohol,  and  gives  crystalline  salts  with  2HC1, 
2HBr,  and  HaPtClg  (Laurent,  Annal.  Chim. 
Phys.  (3)  24,  302). 

Bromocinchonine  Oi9H2iOBrN2  is  formed  by 
adding  bromine  to  an  alcoholic  solution  of 
cinchonine  hydrochloride  (Laurent,  lx.  ; Kopp, 
Arch.  Pharm.  (3),  9,  34).  Its  dihydrochloride 
crystallises  in  rhombic  tables.  Treated  with 
alcoholic  potash  it  exchanges  Br  for  OH,  and 
gives  oxycinchonine  C49H22O2N2. 

Sesquibromocinchonine  C38H4402Br3N4,  ob- 
tained by  the  action  of  excess  of  bromine  on  an 
alcoholic  solution  of  cinchonine.  It  crystallises 
in  fine  needles  and  forms  salts  with  4 molecules 
of  monobasic  acids.  Treated  with  alcoholic 
potash  it  yields  sesquioxycinchonine  03  8H44DgN4, 
Dibromocinchonine  Ci9H2oOBr2N,  formed 
by  adding  excess  of  bromine  to  an  aqueous  solu- 
tion of  cinchonine  hydrochloride  (Comstock 
and  K5nigs,  Ber.  1884,  17,  1995).  It  gives 
colourless  crystals  containing  IHgO  from  alcohol, 
insoluble  in  water.  Alcoholic  potash  yields 
dioxycinchonine  CJ9H22O3N2. 

Cinchonine  a-  and  ^8- dibromides 

C4gH220Br2N2 

formed  by  adding  bromine  to  a solution  of 
cinchonine  in  chloroform  and  alcohol.  The 
hydrobromide  of  the  a-compound  being  less 
soluble  than  the  ^-compound  crystallises  out, 
the  latter  remaining  in  the  mother  liquor.  The 
free  a- base  crystallises  out  from  alcohol  (90  p.c.) 
and  chloroform  (1:3)  with  IHgO,  the  )8-base 
being  anhydrous.  Both  behave  as  true  bases 
forming  salts.  Heated  with  alcoholic  KOH 
they  lose  2HBr,  yielding  a new  base,  dehydro - 
cinchonine  (Comstock  and  Konigs,  Ber.  1886, 
19,  2854  ; 1887,  20,  2510). 

Hydrochlorocinchonine  C4gH23C10N2,  formed 
by  allowing  10  parts  of  HCl  saturated  at  —17° 
to  act  on  cinchonine  at  a low  temperature  for 
some  weeks.  The  base  crystallises  from  alcohol 
in  white  needles,  m.p.  212°-213°.  Heated 
with  alcoholic  KOH  an  isomer  of  cinchonine, 
a-isocinchonine,  is  formed  (Comstock  and 
Konigs,  Ber.  1887,  20,  2519). 

Hydrobromocinchonine  CigHggBrONg  is 
formed  similarly  to  the  last  compound,  but  the 
reaction  is  more  rapid  and  works  equally  well 
at  higher  temperatures.  The  base  crystallises 
from  alcohol  in  white  scales.  Heated  with  85 
p.c.  alcohol  it  is  converted  into  a mixture  of 
apocinchonine,  a-isocinchonine  and  S-cincho- 
nine.  Heated  with  alcoholic  KOH  a mixture 
of  apocinchonine  a-isocinchonine  and  cinchoni- 
fine  (?  hydrocinchonine)  is  formed. 

Hydroiodocinehonine  C19H23ION2  is  obtained 
by  heating  dry  cinchonine  with  5 parts  of  HI 
(sp.gr.  1‘7)  on  the  steam-bath.  The  free  base 
crystallises  from  alcohol  in  silky  needles  melting 
at  158°-160°  with  decomposition.  It  readily 
combines  with  2 molecules  of  monobasic  acids 
to  form  crystalline  salts. 

Dehydrocinchonine  CigHgoONg,  obtained 
from  cinchonine  dibromide  (q.v.).  It  crystallises 
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from  alcohol  in  needles  melting  at  202°-203°, 
subliming  at  a higher  temperature ; very 
soluble  in  alcohol,  acetone,  and  chloroform,  less 
so  in  ether  or  benzene.  It  behaves  very 
similarly  to  cinchonine,  giving  salts  and  halogen 
derivatives  containing  Hg  less. 

Derivatives  Isomeric  with  Cinchonine. — 
About  20  isomers  of  cinchonine  have  been 
described  by  various  workers,  but  Skraup’s 
investigations  have  shown  that  many  of  these 
bodies  are  identical,  and  several  others  are 
mixtures  with  cinchonine.  Hydrocinchonine 
has  also  been  mistaken  for  an  isomer  of  cincho- 
nine (Monatsh.  1897,  18,  411  ; 1899,  20,  571  ; 
1901,  22,  1103;  1903,  24,  294;  Langer,  ibid. 
1901,  22,  151). 

Cinchonicine  (cinchotoxin)  C19H22ON2  occurs 
in  commercial  quinoidine,  but  may  be  prepared 
by  heating  the  acid  sulphate  or  tartrate  of 
cinchonine  or  cinchonidine  to  130°-140°  (Pasteur, 
Compt.  rend.  1853,  37,  110;  Hesse,  Annalen, 
1875,  178,  213  ; D.  Howard,  Chem.  Soc.  Trans. 
1872,  25,  102).  It  forms  a viscid  mass,  yellow 
to  red,  melting  at  about  50°.  Roques  obtained 
it  in  long  prismatic  needles,  m.p.  49°-50°,  by 
evaporating  an  ethereal  solution  at  45°,  in  a 

current  of  hydrogen.  [a]^^=47'2°  for  1 p.c. 

solution  in  chloroform  or  absolute  alcohol. 
It  is  very  soluble  in  alcohol  or  ether,  slightly 
soluble  in  water.  Its  solutions  absorb  CO2  from 
the  air  and  expel  ammonia  from  its  salts.  It 
gives  the  same  oxidation  products  as  cinchonine. 
Like  quinicine,  it  gives  a precipitate  with  hypo- 
chlorites, but  does  not  give  the  thalleioquin 
reaction  (distinction  from  quinicine).  Many  of 
its  salts  are  amorphous,  but  the  following  are 
crystalline  : hydriodide  B*HI,  prisms,  slightly 
soluble  in  water;  oxalate  B2'C2H204,7H20, 
prisms,  fairly  soluble  in  water  ; platinochloride 
B'H2PtClg,H20  ; bitartrate  B’C4Hg0g,H20. 

Allocinchonine  (pseudocinchonine)C]9H220N2 
is  obtained  by  heating  the  hydriodide  of  hjMro- 
iodocinchonine  Oi9H23lON2‘HI  with  10  parts 
of  water  at  150°-16T>°.  It  melts  at  214°-216°, 
slightly  soluble  in  alcohol  or  ether,  and  gives 

[a]"  =-f  164'8°  for  3 p.c.  solution  in  absolute 

alcohol.  Its  sulphate  B2'H2S04  is  less  soluble 
in  water  than  cinchonine  sulphate.  On  oxida- 
tion it  yields  cinchoninic  acid  and  allomero- 
quinene  (Lippman  and  Fleissner,  Monatsh. 
1893,  14,  371). 

Tautocinchonine  C19H22ON2  is  obtained  by 
the  action  of  alcoholic  KOH  and  silver  nitrate 
on  hydrobromocinchonine  hydrobromide 

Ci9H23BrON2-HBr 

It  is  soluble  in  alcohol,  slightly  soluble  in  ether, 

m.p.  252'5°,  and  gives  [a]^^=+209*4°  for  3 p.c. 

solution  in  absolute  alcohol  (Lowenhaupt, 
Monatsh.  1898,  19,  461). 

a-Isocinchonine  (cinchoniline)  C59H22ON2  is 
obtained  by  heating  cinchonine  with  sulphuric 
acid  or  HCl  (sp.gr.  1'125)  ; or  by  heating  hydro- 
bromocinchonine or  its  salts  with  alcoholic 
KOH  (Jungfleisch  and  Leger,  Bull.  Soc.  chim. 
1888,  49,  747  ; Compt.  rend.  1892,  113,  651  ; 
ihid.  1894,  118,  536  ; Hesse,  Annalen,  1888, 
243,  147  ; ihid.  1890,  260,  213  ; 1893,  276,  91  ; 
Comstock  and  Konigs,  Ber.  1887,  20,  2510  ; 
1892,  25,  1539;  Skraup,  Monatsh.  1899,  20, 


581  ; 1902,  22,  1097 ; Pum,  ibid.  1892,  13, 

676).  It  crystallises  in  silky  needles  from  ether 
containing  3H2O ; from  petroleum  ether  in 

large  prisms,  volatile,  m.p.  126*5°.  [a]p^=  + 51  *6° 

for  3 p.c.  solution  in  absolute  alcohol.  It  is 
readily  soluble  in  ether,  alcohol,  or  benzene, 
little  soluble  in  water.  It  forms  crystalline 
salts,  all  of  which  except  the  dihydriodide 
are  very  soluble  in  water.  Heated  with  HCl 
(sp.gr.  1*125)  at  140°-150°  it  is  converted  into 
apoisocinchonine  (apocinchonigine),  m.p.  216°, 
and  with  concentrated  H2SO4  at  60°-80°  it 
changes  into  ;8-isocinchonine.  On  oxidation  it 
yields  cinchoninic  acid  and  a-isomeroquinene. 

y8-Isocinchonine  (cinchonigine)  C19H22ON2, 
references  under  Isoeinchonine.  It  crystallises 
from  alcohol  in  colourless  prisms,  volatile, 

m.p.  126°-127°.  59*5°  in  absolute 

alcohol.  Very  soluble  in  alcohol,  ether,  or 
benzol.  Its  salts,  including  the  dihydriodide, 
are  very  soluble  in  water.  Heated  with  HCl 
(sp.gr.  1*125)  it  yields  apoisocinchonine  (apocin- 
chinigine),  m.p.  216°.  On  oxidation  it  gives 
cinchoninic  acid  and  /8-isomeroquinene. 

5-Cinchonine  C49H22ON2  is  formed  at  the 
same  time  as  a-isocinchonine  {q.v.)  when  hydro- 
bromocinchonine dihydrobromide  is  heated  with 
alcohol  or  alcoholic  KOH.  Long  prisms,  m.p. 
150°,  very  soluble  in  alcohol,  benzene,  or  chloro- 
form, slightly  soluble  in  ether.  [a]^^=  + 125*2° 

for  1 p.c.  solution  in  97  p.c.  alcohol.  Its  salts 
are  very  soluble  with  the  exception  of  the  hydro- 
chloride, hydrobromide,  and  oxalate  (Jung- 
fleisch and  Leger,  Compt.  rend.  1894,  118,  29). 

e-Cinchonine  C49H22ON2  was  isolated  by 
Lowenhaupt  from  tautocinchonine  {q.v.).  It  is 
a base  melting  at  150°- 152°,  giving  crystalline 

salts  [a]^  =+67°  for  1 p.c.  solution  in  alcohol. 

Cinchonidine  C19H22ON2  was  obtained  in 
5 p.c.  yield  by  Konigs  and  Hussman  from 
cinchonine  by  heating  it  for  15  hours  with  an 
amyl  alcohol  solution  of  KOH  (Ber.  1896,  29. 
2185). 

Hydro-derivatives  of  Cinchonine. — On  reduc- 
ing cinchonine  with  zinc  and  H2SO4,  Schiitzen- 
berger  obtained  a resinous  body  which  he  termed 
a hydrate  of  cinchonine,  assigning  to  it  the 
formula  C49H220N2,2H20.  This  body  is  stable 
up  to  120°,  but  at  140°  it  loses  |^H20,  and  at 
150°  retains  IH2O  (Annalen,  1858,  108,  348). 
Zom  reducing  cinchonine  with  sodium  amalgam 
in  acetic  acid  obtained  an  oily  mass  containing 
two  bases  separated  by  ether.  The  one  insol- 
uble in  ether  he  named  hydrocinchonine  (the 
dihydrodicinchonine  of  Skraup)  C19H24ON2,  the 
other  soluble  in  ether  he  called  amorphous 
hydrocinchonine  (the  dihydrocinchonine  of 
Skraup)  G49H26ON2.  The  first  crystallises  from 
alcohol  in  small  colourless  anhydrous  plates  or 
scales,  m.p.  257°-258°.  It  yields  a crystalline 
sulphate.  B*H2S04,2H20  (or  anhydrous)  in  long 
needles.  It  is  readily  attacked  by  permanga- 
nate ; but  on  further  treatment  with  sodium- 
amalgam  is  unattacked.  The  second  dissolves 
in  ether  with  a fine  violet  fluorescence,  and  is 
obtained  as  a yellowish  amorphous  mass  on 
evaporation.  It  yields  no  crystalline  salts  or 
derivatives.  It  is  a stronger  base  than  cin- 
chonine, dissolving  in  acids  with  elevation  of 
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temperature,  and  is  readily  attacked  by  per- 
manganate (Zorn,  J.  pr.  Cliem.  1873,  8,  279, 
293 ; Ski’aup,  Ber.  1878,  11,  312 ; Howard, 
Cliem.  Soc.  Trans.  1873,  26,  1180).  By  the 
action  of  sodium  and  anhydrous  amyl  alcohol 
on  cinchonine  Norwall  obtained  an  oily  base 
which  he  termed  tetrahydrocin- 
chonine  (Monatsh.  1895,  16,  321). 

None  of  the  above  is  identical  with  the 
hydrocinchonine  which  occurs  naturally  in 
cinchona  barks  (Caventou  and  Wilm,  Annalen, 
Supl.  1870,  7,  247  ; Forst  and  Bohringer,  Ber. 
1881,  14,  436  ; Hesse,  Ber.  1895,  28,  1421). 

Hydrocinchonine  (Cinchotinej  C19H24ON2  is 
a constant  associate  of  cinchonine,  which  may 
contain  up  to  10  p.c.  It  may  be  prepared 
similarly  to  hydroquinine  {q.v.),  by  oxidation 
of  the  cinchonine  with  permanganate ; or  by 
saturating  an  alcoholic  solution  of  cinchonine 
hydrochloride  with  HCl  gas,  when  the  dihydro- 
chloride of  cinchonine  separates  out,  leaving  the 
hydrocinchonine  in  solution  (Hesse,  Annalen, 
1893,  276,  88).  It  forms  slender  anhydrous 
prisms  or  scales,  m.p.  277°,  subliming  at  higher 
temperature.  Soluble  in  136  parts  of  90  p.c. 
alcohol,  or  187  of  ether  at  20°  ; slightly  soluble 
in  boiling  water.  It  is  not  attacked  by  cold 
permanganate,  but  chromic  acid  oxidises  it  to 
cinchoninic  and  cincholoiponic  acids.  With 
phosphorus  pentachloride  it  yields  hydro- 
cinchonine chloride  C19H23ON2CI,  m.p.  85°-87°, 
converted  by  alcohohc  KOH  to  dihydro- 
cinchene C19H22N.  Its  chief  salts  are  : benzoate 
B’C7He02,  small  needles,  shghtly  soluble  in 
water;  hydrobromide  B-HBr,2H20 ; dihydro- 
bromide B'2HBr,  prismatic  needles,  very  soluble 
in  water,  insoluble  in  alcohol ; hydrochloride 
B‘HC1,2II20,  needles,  soluble  in  47  of  water; 
dihydrochloride  B’2HC1,  very  soluble  in  water, 
slightly  soluble  in  alcohol ; hydriodide  B*HI,H20, 
colourless  prisms,  readily  soluble  in  water  and 
alcohol;  nitrate  B’HN03,H20,  transparent 
tables ; oxalate  B'C2H204,H20,  fine  needles, 
very  shghtly  soluble  in  water ; platinochloride 
B-HaPtOlg,  orange-yellow  crystals  ; sulphate 
B 2 'HgS 04,121120,  fine  needles  or  prisms,  efflor- 
escent, soluble  in  30-5  of  water  at  13°  ; sulpho- 
cyanide  B'HCNS,  long  needles,  slightly  soluble 
in  water;  tartrate  •C4Hg06,2H20,B2,  needles 
soluble  in  57  of  water  at  16° ; bitartrate 
B’C4Hg0e,4H20,  needles,  soluble  in  78  of  water 
at  16°. 

Salts  of  Cinchonine. — Cinchonine  sulphate 
B2'H2S04,2H20  forms  short  hard  prisms  or 
needles,  melting  at  198 ‘5°  when  dehydrated,  [ 
decomposing  at  200°.  It  is  soluble  in  70  parts 
of  water  at  15°,  in  13  parts  at  100°,  in  9 parts  at 
15°,  in  60  of  chloroform  at  15°  or  in  22  at 
boiling-point,  in  2300  of  ether  at  25°.  As  the 
sulphates  of  quinine  and  cinchonidine  are  insol- 
uble in  chloroform,  this  solvent  forms  a good  test 
for  the  purity  of  cinchonine  sulphate.  A solu- 
tion of  this  base  in  dilute  H2SO4  does  not 
fluoresce  (although  the  commercial  salt  usually 
does  so  slightly  owing  to  the  presence  of  a little 
quinine  or  quinidine),  nor  does  it  give  the 
thalleioquin  reaction.  With  iodine  it  yields 
products  analogous  to  herepathite,  the  principal 
being  8B-6H2SO4'6HI-l40,12H2O, 

4B-H2S04-4HI-Iio,  2B-H2S04-2HI-I2 
(Jorgensen). 

VoL.  II.— r. 
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Cinchonine  disuiphate  B H2S04,3  or  4H2O, 
large  colourless  prisms,  very  soluble  in  water, 
and  crystallising  with  difficulty. 

Cinchonine  hydrochloride  B-HC1,2H20  occurs 
as  prismatic  needles,  melting  at  130°.  It  is 
soluble  in  24  parts  of  water  at  10°,  the  solution 
dissociating  slightly  and  depositing  alkaloid. 
Soluble  in  2 parts  of  85  p.c.  alcohol  and  290 
parts  of  ether  at  15°. 

Other  salts  are  : benzoate  B'CvHgOg,  soluble 
in  166  of  water  at  15°  ; citrate  B3'CgH307,4H20, 
soluble  in  48  of  water  at  12° ; acid  citrate 
B2’CgH807,4H20,  soluble  in  55  of  water  at  15°  ; 
hydrobromide  B'HBr,H20,  long  needles,  soluble 
in  33 '5  of  water  at  15°,  more  soluble  in  alcohol ; 
dihydrobromide  B’2HBr,  large  rhombohedra, 
soluble  in  1’4  of  water  at  15°,  less  soluble  in 
alcohol;  dihydrochloride  B‘2HC1,  rhombic 
tables,  very  soluble  in  water,  insoluble  in 
alcohol;  hydriodide  B'HI,H20,  white  crystals  ; 
dihydriodide  B'2HI,H20,  golden-yellow  prisms, 
hydriodate  B'HIOg,  crystals,  exploding  at 
120° ; nitrate  B*HN03,H20,  long  monoclinic 
crystals,  soluble  in  26 '4  of  water  at  12°  ; oxalate 
B2’C2H204,2H20,  large  prisms,  soluble  in  100 
of  water  at  10°;  platinochloride  B'HaPtClg, 
pale  yellow  amorphous  precipitate ; succinate 
B’C4Hg04,l  or  1|^H20,  long  needles  or  thick 
prisms,  readily  soluble  in  water  ; sulphocarbolate 
i B'CgH4*HS03'0H,  reddish-white  needles  ; sul- 
phocyanide  B*HCNS,  prisms,  soluble  in  474  of 
water  at  >20°  ; salicylate  B'C^HgOg,  soluble  in 
590  of  water  at  25°  ; tartrate  B2'C4lIg0g,2H20, 
crystals,  soluble  in  33  of  water  at  16°  ; bitartrate 
(Isevo-)  B'C4Hg06,H20,  soluble  in  100  of  water 
at  16°  ; bitartrate  (dextro-),  soluble  in  101  of 
water  at  16°  (Pasteur). 

Cinchonidine  and  its  Derivatives  and  Salts. 

Cinchonidine  CjgHgaONg,  a stereoisomer 
of  cinchonine,  occurs  in  most  cinchona  barks, 
especially  in  C.  succirubra.  It  is  prepared 
from  quinine  sulphate  mother  liquor  by 
precipitation  as  neutral  tartrate  with  Rochelle 
salt.  This  tartrate  is  washed  with  water  and 
decomposed  with  ammonia,  the  rough  base 
being  dried  carefully  at  a low  temperature. 
On  dissolving  this  in  2'1  c.c.  of  50  p.c.  H2SO4 
and  11  c.c.  of  absolute  alcohol  for  every  gram 
of  base,  and  allowing  to  cool,  pure  cinchonidine 
tetrasulphate  crystallises  out  nearly  quantita- 
tively. This  is  filtered  off,  washed  with  absolute 
alcohol,  dissolved  in  water,  and  precipitated 
as  alkaloid  with  NaOH,  being  finally  recrystal- 
lised from  alcohol.  It  forms  short  anhydrous 
prisms  or  thin  plates,  soluble  in  16  parts  of 
97  p.c.  alcohol  at  15°,  in  188  parts  of  ether,  or 
in  4800  parts  of  water  at  25°  ; readily  soluble 
in  chloroform  or  amyl  alcohol.  It  melts  at 

210'5°,  and  has  [a]^^=  — 107‘48°+0-3c  in  97  p.c. 

alcohol,  c = l-5.  Like  cinchonine,  its  solutions 
do  not  fluoresce,  nor  give  the  thalleioquin 
reaction  (distinction  from  quinine  and  quinidine). 
It  differs  from  cinchonine  in  giving  an  insoluble 
tartrate,  by  its  greater  solubility  in  ether,  and 
by  being  Ifevorotatory.  For  its  estimation  in 
cinchona  barks,  see  under  ‘ Quinine  Sulphate.’ 
It  gives  the  same  oxidation  products  as  cin- 
chonine with  chromic  or  nitric  acid ; and 
cinchonicine,  identical  with  that  from  cinchonine, 
is  obtained  by  heating  with  glycerin  to  200°, 
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or  with  strong  H2SO4  to  130°.  The  following 
are  the  most  important  derivatives  of  cinchoni- 
dine  : — 

Cinchotenidine  CigHgoOgNg,  obtained  simi- 
larly to  quitenine  by  oxidation  of  cinohonidine 
with  permanganate  at  0°.  It  forms  filiform  or 
thick  prismatic  crystals  containing  SHgO, 
slightly  efflorescent.  It  melts  at  256°,  and  has 

[a]^'=  — 189°  in  alcohol.  Its  acid  solutions  do 

not  fluoresce.  Its  salts  are  very  soluble  and 
difficult  to  crystallise.  It  forms  a sulphate 
B2'H2S04,2-^H20,  very  soluble  in  water,  and  a 
platinochloride  Ba’II.^PtClg,  orange-yellow  tables. 
Its  solutions  in  alkalis  are  readily  decomposed 
by  CO 2 (Skraup,  Annalen,  1880,  201,  300  ; 
Hesse,  Ber.  1881,  14,  1892). 

Cinchonidine  chloride  C19H21N2CI  is  obtained 
by  the  action  of  phosphorus  pentachloride  on 
cinchonidine.  It  forms  large  crystals  melting 
at  108°-109°,  soluble  in  ether  and  possessing 
basic  properties.  On  heating  with  alcoholic 
KOH  it  yields  cinchene  (similarly  to  cinchonine 
chloride),  which  on  treatment  with  HCl  is 
converted  to  apocinchene. 

Dibromocinchonidine  Ci9H2oON2Br2  is  formed 
by  adding  4 atoms  of  bromine  to  1 molecule  of 
cinchonidine  suspended  in  CS2.  Its  dihydro- 
bromide crystallises  in  fine  yellow  needles 
readily  soluble  in  alcohol  (Skalweit,  Annalen, 
1874,  172,  103).  On  heating  with  alcoholic 
KOH  it  yields  dioxycinchoni dine. 

Dioxycinchonidine  Ci9H22(0H)20N2  crys- 
tallises from  alcohol  in  ramified  crystals.  It 
gives  two  sulphates,  B2'H2S04,2H20  and 
B ‘412804,  and  a platinochloride  B‘Il2BtCl6. 

Hydrochlorocinchonidine  C 19H2  3CION2 . 

formed  by  heating  cinchonidine  with  HCl 
(sp.gr.  1‘189)  at  85°  for  two  days.  It  is  a base 
indistinguishable  from  hydrochloroapocinchoni- 
dine  and  is  probably  identical  with  it. 

Hydrochloroapocinchonidine  C]9H23C10N2  is 
obtained  together  with  apocinchonidine  by 
heating  cinchonidine  in  a sealed  tube  at  150° 
with  fuming  HCl  for  6 hours.  It  crystallises  in 

plates  from  alcohol,  m.p.  200°,  — 142‘2° 

in  dilute  HCl,  slightly  soluble  in  ether,  chloro- 
form, or  alcohol.  It  forms  a dihydrochloride 
B-2HC1,  very  soluble  in  water,  and  a platino- 
chloride B-H2PtCl6,2H20  (Hesse,  Annalen, 
1880,  205,  327). 

Hydroiodocmclionidine  C19H23ION2  is  ob- 
tained by  heating  cinchonidine  on  the  water- 
bath  with  5 parts  of  HI  (sp.gr.  1-7)  i'or-2^  hours. 
It  is  a base  very  slightly  soluble  in  hot  alcohol, 
from  which  it  falls  on  cooling  as  a crystalline 
precipitate,  m.p.  166°.  It  gives  a sulphate 
B’H2S04,  soluble  in  25  p.c.  alcohol.  Heated 
with  alcoholic  KOH  it  yields  an  isomeride  of 
cinchonidine,  y8- cinchonidine ; and  with  silver 
nitrate  another  isomeride,  7- cinchonidine  (Neu- 
mann, Monatsh.  1892,  13,  651). 

Derivatives  Isomeric  with  Cinchonidine. — 
Apocinchonidine  C19H22ON2  is  formed  by  the 
action  of  HCl  on  cinchonidine  {v.  Hydrochloro- 
apocinchonidine). Slightly  soluble  in  strong 
alcohol,  very  slightly  soluble  in  dilute  alcohol, 
ether,  or  chloroform,  almost  insoluble  in  water. 
It  forms  small  plates,  m.p.  225°,  with  decom- 
position, and  has  -129*2°  for  0*8  p.c. 


solution  in  97  p.c.  alcohol.  It  forms  very 
soluble  amorphous  salts,  whose  acid  solutions 
do  not  fluoresce,  and  is  markedly  different  from 
cinchonidine  in  giving  a soluble  tartrate. 

Isocinchonidine  C19H22ON2  is  obtained  as 
its  sul[»honate  when  cinchonidine  is  dissolved 
in  fuming  H2SO4.  The  base  melts  at  235°,  and 
is  very  soluble  in  alcohol  or  chloroform,  very 
slightly  soluble  in  ether  (Hesse,  Annalen,  1888, 
243,  149). 

/3-Cinchoiiidine  C19H22ON2  is  obtained  by 
heating  hydroiodocinchonidine  for  4 hours  with 
alcoholic  KOH,  and  is  probably  identical  with 
Hesse’s  homocinchonidine.  It  forms  plates  or' 

prisms,  m.p.  207°,  = — 181°  for  1*25  p.c. 

solution  in  dilute  HCl.  On  prolonged  heating 
with  HCl  it  is  converted  into  apocinchonidine, 
from  which  it  may  be  separated  by  means  of 
its  insoluble  tartrate  (Hesse,  Annalen,  1880, 
205,  327). 

Hydro-derivatives  of  Cinchonidine. — On  re- 
duction with  zinc  and  H2SO4,  or  sodium  and 
alcohol,  cinchonidine  yields  products  very 
similar,  chemically  and  physically,  to  those 
obtained  from  cinchonine.  Norwall  describes 
a tetrahydrocinchonidine  Ci9H2eON2,  obtained 
with  sodium  and  pure  amyl  alcohol  (Norwall, 
Ber.  1896,  29,  801). 

Hydroemchonidine(cinchamidine)Ci9H240N2, 
usually  accompanies  cinchonidine  in  its  com- 
mercial salts,  and  may  be  obtained  from  cin- 
chonidine sulphate  mother  liquors  by  treatment 
with  permanganate  at  0°  {v.  Hydroquinine). 
The  base  crystallises  from  dilute  alcohol,  in 
hexagonal  plates,  and  from  strong  alcohol  in 
short  anhydrous  prisms,  melting  at  230° ; 

98*4°  for  2 p.c.  solution  in  97  p.c. 

alcohol.  It  is  almost  insoluble  in  ether,  chloro- 
form, or  water,  and  less  soluble  in  alcohol  than 
cinchonidine.  Its  salts  crystallise  readily  and 
fluoresce  in  sulphuric  acid  solution  (Hesse,  Ber. 

1881,  14,  1683  ; Forst  and  Bohringer,  Ber. 

1882,  15,  520). 

Salts  of  Cincho7iidine. — Cinchonidine  sulphate 
B2*H2S04,3H20  occurs  as  prismatic  needles. 
From  dilute  aqueous  solutions  needles  con- 
taining 6H2O  crystallise ; and  from  alcohol 
fine  prisms  with  2H2O.  These  salts  are  com- 
pletely dehydrated  at  100°,  but  absorb  2H2O 
again  on  exposure  to  air.  The  anhydrous  salt 
melts  at  205°  with  decomposition.  It  is  soluble 
in  100  parts  of  water,  in  60  of  alcohol,  or  1000 
of  chloroform,  at  15°  ; soluble  in  21  of  water 
at  80° ; insoluble  in  ether  or  benzene.  The 
commercial  salt  usually  gives  the  thalleioquin 
reaction  and  fluoresces  with  dilute  H2SO4 
owing  to  the  presence  of  quinine  which  may  occur 
to  even  60  p.c.  Cinchonine  and  quinidine  are 
also  frequent  impurities.  A strong  hot  aqueous 
solution  of  the  salt  stirred  with  half  its  weight 
of  Bochelle  salt  and  allowed  to  cool  and  filtered, 
should  not  show  more  than  a slight  turbidity 
when  the  filtrate  is  treated  with  ammonia 
(Hesse,  Zeitsch.  anal.  Chem.  1876,  15,  464). 

Cinchonidine  disulphate  B*H2S04,5H20  occurs 
in  long  colourless  efflorescent  crystals,  very 
soluble  in  water  and  alcohol  (separation  from 
quinine,  see  ‘ Assay  ’). 

Cinchonidine  tetrasulphate  B‘2H2S04,2H20,. 

for  the  preparation  see  under  " Quinine  Sulphate.’ 
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Short  colourless  prisms,  slowly  soluble  in  cold 
water  almost  insoluble  in  absolute  alcohol. 

Cinchonidine  hydrochloride  B-HCbHaO  occurs 
as  fine  monoclinic  prisms,  soluble  in  30  of  water 
or  300  of  ether  at  12°  ; soluble  in  alcohol  or 
chloroform.  From  alcohol  fine  needles  con- 
taimng  2H2O  are  obtained. 

Other  salts  are  : benzoate  B’CvHgOa,  soluble 
in  333  of  water  at  10°  ; hydrobromide  B'HBrjHgO 
slightly  soluble  in  water,  more  soluble  in 
alcohol;  dihydrochloride  B‘2HC1,H20,  large 
prisms,  very  soluble  in  water  and  alcohol ; 
hydriodide  B’HI,H20,  colourless  needles,  slightly 
soluble  in  water;  dihydriodide  B‘2HI,H20, 
lemon-yellow  prisms ; nitrate  B'HNOgjHgO, 
needles  or  large  prisms,  soluble  in  71  of  water 
at  10° ; oxalate  B2'H2C204,6H20,  prisms, 
soluble  in  250  of  water  at  10°  ; platinochloride 
B2'H2PtCl6,2H20,  small  orange  prisms  ; dipla- 
tinochloride  B'HgPtClejHgO,  orange-yellow  crys- 
talline powder,  insoluble  in  water ; salicylate 
B'C^HgOg,  soluble  in  77  of  water  at  18°  ; 
succinate  B2'C4Hg04,2H20,  small  prisms,  soluble 
in  583  of  water  at  10°  ; tartrate  B2'C4Hg0g,2H20, 
fine  needles,  soluble  in  1265  of  water  at  10°, 
insoluble  in  Rochelle  salt  solution  ; acid  tartrate 
B'2C4Hg06,3H20,  long  prisms. 

Quinamine.  and  its  Derivatives  and  Salts. — 
Quinamine  C19H24O2N2  occurs  in  nearly  all 
cinchona  barks  to  a very  small  extent  (Hesse, 
Annalen,  1873,  166,  266  ; Ber.  1877,  10,  2157). 
It  accumulates  in  quinine  sulphate  mother 
liquors,  from  which  it  may  be  obtained  by  pre- 
cipitating quinine  and  cinchonidine  with  Roch- 
elle salt,  precipitating  the  filtrate  with  ammonia 
and  extracting  the  precipitate  with  ether.  The 
ether  is  washed  out  with  acetic  acid,  the  acid 
solution  neutralised,  and  while  still  warm 
treated  with  thiocyanate,  until  on  cooling 
cinchonine  can  no  longer  be  detected.  The 
filtrate  is  precipitated  with  NaOH,  and  the 
resinous  precipitate  dissolved  in  a minimum  of 
boiling  80  p.c.  alcohol,  from  which  quinamine 
crystallises  on  cooling.  One  gallon  of  quinine 
sulphate  mother  liquor  will  yield  about  3 grams 
of  c[uinamine.  The  base  crystallises  in  delicate 
white  anhydrous  needles,  melting  at  172°,  and 

has  [a]^^=  +04°  for  15  p.c.  solution  in  chloro- 
form. It  is  nearly  insoluble  in  cold  water, 
soluble  in  105  of  80  p.c.  alcohol  at  20°,  and  in 
50  of  ether  (Oudemans,  Annalen,  1879,  197, 
150)  ; also  soluble  in  petroleum,  ether,  or 
benzene.  Quinamine  differs  from  the  other 
cinchona  bases  in  being  monobasic,  and  there- 
fore giving  but  one  series  of  salts.  It  is 
coloured  yellow  by  warm  sulphuric  acid,  and 
orange  by  nitric  acid. 

The  chief  derivatives  of  quinamine  are  : — 

Quinamicine  C19H24O2N2,  formed  by  heating 
quinamine  for  a few  minutes  at  100°  with  con- 
centrated H2SO4.  The  product  is  treated  with 
sodium  bicarbonate,  which  precipitates  the 
quinamicine  in  flocks,  gradually  becoming 

crystalline.  It  melts  at  !09°,  has  [a]|j^=+3'8° 

for  2 p.c.  solution  in  alcohol,  and  is  soluble  in 
alcohol,  chloroform,  or  ether  (Hesse,  Annalen, 
1881,  207,  303).  Its  salts  are  amorphous. 

Protoquinamicine  C17H20O2N2  is  formed  by 
heating  quinamine  to  130°  with  concentrated 
H2SO4.  It  is  an  amorphous  brown  base. 


Quinamidine  C19H24O2N2  is  formed  when 
quinamine  is  heated  with  dilute  mineral  acids 
or  with  tartaric  acid.  Ammonia  does  not  pre- 
cipitate the  base  from  its  solution,  but  NaOH 
does  so.  It  crystallises  from  alcohol  in  small 
white  tufts  of  needles,  not  very  soluble  in  ether 
or  chloroform.  It  melts  at  93°,  and  has 
[a]^=+4'5°  for  2 p.c.  solution  in  alcohol. 

Heated  with  concentrated  HCl  it  gives  a yellow 
solution  turning  to  brown,  which  on  dilution 
turns  rose,  with  a strong  green  fluorescence. 
Quinamidine  yields  a crystalline  hydrochloride 
B'HC1,H20  ; hydrobromide  B’HBi’jHaO  ; oxa- 
late B2‘Il2C204,4H20  ; and  a platinochloride 
B2'H2PtCl6,6H20.  Its  hydrochloride  gives  a 
purple  colour  with  AuClg  in  aqueous  solution. 

Apoquinamine  C19H22ON2  is  obtained  by 
boiling  quinamine  or  quinamicine  with  HCl 
(sp.gr.  1T25),  or  with  25  p.c.  H2SO4  for  3 
minutes  (Hesse,  Annalen,  1881,  207,  294).  It 
crystallises  in  colourless  scales,  melting  at  114°, 
soluble  in  alcohol,  chloroform,  or  ether.  Its 
alcoholic  solution  is  optically  inactive  and 
neutral  to  litmus.  It  is  a feeble  base,  but 
readily  gives  a crystalline  hydrochloride 
B'HC1,^H20  (Isevorotatory)  ; nitrate  B'HNOg  ; 
oxalate  B2'H2C204,H20  ; tartrate 

B2-C4H606,a;H20  ; 

and  platinochloride  B2’H2PtCle,2H20. 

Salts  of  Quinamine.' — Quinamine  gives  a 
crystalline  chlorate  B’HClOg  ; perchlorate 
B’HC104;  hydrobromide  B'HBr,H20,  thick 
prisms,  very  soluble  in  water  or  alcohol ; hydro- 
chloride B’HCljHgO,  colourless  prisms,  readily 
soluble  in  water;  hydriodide  B'HI,  small 
colourless  prisms,  soluble  in  71  of  water  at  16°  ; 
nitrate  B’HNOg,  prisms,  soluble  in  16 ‘5  of 
water  at  15° ; sulphate,  hexagonal  plates  or 
short  prisms,  very  soluble  in  water ; and  an 
amorphous  yellow  platinochloride 

B2-H2PtCle,2H20 
decomposing  in  the  light. 

Conquinamine  and  its  Salts. 

Conquinamine,  C19H24O2N2,  an  isomerkle  of 
quinamine  is  found  in  the  alcoholic  mother  liquor 
from  which  quinamine  is  crystallised,  and  is 
separated  from  it  by  fractional  crystallisation 
of  their  nitrates,  oxalates,  or  hydrobromides, 
the  conquinamine  salts  being  the  more  soluble 
(Oudemans,  Annalen,  1881,  209,  38 ; Hesse, 
ibid.  62).  It  crystallises  from  alcohol  in  long 
prisms  or  pyramids,  melting  at  123°,  and  has 

+204-4°  for  1 p.c.  solution  in  absolute 

alcohol.  It  is  soluble  in  7 "4  parts  of  91  p.c. 
alcohol  at  19°  ; in  7*4  parts  of  ether  at  15°  ; 
in  4-1  parts  of  benzene  at  18°  ; almost  insoluble 
in  50  p.c.  alcohol  or  in  water.  It  behaves  very 
like  quinamine  and  is  monobasic,  but  its  salts 
are  generally  the  more  soluble.  Its  oxalate, 
heated  to  105°,  molts  and  changes  to  quinamicine 
oxalate  and  then  to  apoquinamine  oxalate. 
Heated  with  HCl  (sp.gr.  1-125)  it  is  converted 
into  apoquinamine.  Its  acid  solution  with 
AuClg  gives  a golden  precipitate  followed  by  a 
purple  colouration. 

Salts. — Acetate  B-C2H4O2,  dimetric  crystals, 
soluble  in  10-1  of  v.'^ater  at  13-5°;  chlorate 
i B-HClOg,  needles,  soluble  in  104  of  water  at 
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16° ; perchlorate  B‘HC104,  long  needles  or 
short  prisms,  soluble  in  396  of  water  at  16°  ; 
formate  B‘CH202,  monoclinic  crystals,  soluble 
in  10 '8  of  water  at  15°  ; hydrochloride  B’HCl, 
large  octahedra,  moderately  soluble  in  water ; 
hydrobromide  B'HBr,  monoclinic  prisms,  soluble 
in  25 ’8  of  water  at  16° ; hydriodide  B‘HI, 
plates,  soluble  in  106  of  water  at  16°  ; nitrate 
B'HNOg,  rhombic  crystals,  soluble  in  76  of 
water  at  15°  ; oxalate  B2‘C2H204,3H20,  rhombic 
crystals,  soluble  in  82'3  of  water  at  17°  ; quinate 
B‘C7H4206,2H20,  prisms ; platinochloride 
B2'H2PtClg,2H20,  amorphous  orange-yellow  pre- 
cipitate ; sulphate  B2'H2S04,  long  prisms, 
readily  soluble  in  water  or  alcohol. 

Amor'plious  Bases. 

Diquinicine  (diconquinine)  C4oH4e03N4.  This 
amorphous  base  is  the  chief  constituent  of 
commercial  quinoidine,  and  its  constitution  is 
very  doubtful.  Hesse  found  the  molecular 
weight  by  the  cryoscopic  method  to  be  about 
one-half  of  that  represented  by  the  above 
formula  (Ber.  1877,  10,  2155).  It  is  prepared 
by  neutralising  quinoidine  with  oxalic  acid, 
thoroughly  dehydrating,  powdering  the  oxalate 
and  extracting  with  cold  chloroform.  Quinicine 
oxalate  remains  undissolved,  and  on  adding  a 
little  water  to  the  chloroform  solution  and 
allowing  to  stand  a short  time,  cinchonicine 
oxalate  crystallises  out,  and  is  filtered  off  On 
evaporating  the  chloroform  solution  to  dryness 
diquinicine  remains  as  an  amorphous  red  mass. 
It  is  dextrorotatory,  gives  a fluorescent  solution 
in  dilute  H2SO4,  and  gives  the  thalleioquin  re- 
action. No  crystalline  salts  have  been  obtained. 

Dicinchonicine  (dicinchonine)  C38H44O2N4. 
This  base  occurs  in  the  bark  of  C.  rosulenta  and 
C.  succirubra,  together  with  the  principal 
cinchona  bases.  It  is  prepared  from  the  mother 
liquor,  after  precipitating  the  cinchonidine  as 
tartrate,  by  rendering  alkaline  and  extracting 
with  ether.  The  ethereal  solution  is  extracted 
with  dilute  acetic  acid  and  the  acid  solution 
exactly  neutralised  with  NaOH  and  fractionally 
precipitated  with  potassium  sulphocyanide.  The 
dicinchonine  thrown  down,  mainly  in  the  middle 
fractions,  is  again  put  through  ether  and 
crystallised  as  hydrochloride  (Hesse,  Annalen, 
1885,  227,  153).  The  free  base  is  a yellow 
amorphous  body  with  a strong  alkaline  reaction, 

m.p.  40°,  [a]^^=:  + 9L7°  for  a 1-52  p.c.  solution  in 

97  p.c.  alcohol.  It  is  very  soluble  in  ether, 
acetone,  alcohol,  chloroform,  or  benzene ; 
insoluble  in  alkalis.  The  molecular  weight 
determined  by  the  cryoscopic  method  indicates 
half  that  of  the  above  formula.  It  gives  a 
crystalline  hydrochloride  B‘2HC1,  easily  soluble 
prisms  ; platinochloride  B-2H2Pt01g,4H20, 
orange  flakes ; hydriodide,  compact  crystals, 
readily  soluble  in  water,  insoluble  in  NaCl  or 
KI  solution  ; and  oxalate,  easily  soluble  prisms  ; 
but  its  other  salts  are  amorphous.  On  heating 
with  HCl  to  140°-160°  it  is  converted  into  an 
isomeride,  diapocinchoninine,  an  amorphous  base 
soluble  in  ether,  alcohol,  or  chloroform,  having 

[a]^^=-l-20°  in  alcoholic  solution  (Hesse,  Anna- 
len, 1880,  205,  333). 

Paricine  C^gH^gONg  was  discovered  by 
Winckler  (Jahresber.  1845,  27,  338)  in  the  barks 


of  Buena  hexandra  and  C.  lutea.  Later,  Hesse 
found  it  in  C.  succirubra  of  Darjeeling  (Pharm.  J. 
1870,  [3]  1,  344;  Annalen,  1873,  166,  263). 
It  is  separated  from  the  other  cinchona  bases 
by  nitric  acid,  paricine  nitrate  being  insoluble. 
The  free  base  is  obtained  by  suspending  the 
nitrate  in  alcohol,  decomposing  with  ammonia, 
and  crystallising  from  petroleum  ether.  It  is 
purified  by  dissolving  in  dilute  HCl,  decolourising 
with  animal  black  and  precipitating  with 
ammonia.  The  pure  paricine  thus  obtained  is 
a yellow  amorphous  powder,  soluble  in  water, 
alcohol,  ether,  and  petroleum  ether;  m.p.  116°. 
Its  salts  are  amorphous. 

Javanine  was  found  by  Hesse  among  the 
amorphous  bases  of  C.  Calisaya  javanica.  It 
separates  from  water  in  rhombic  scales,  very 
soluble  in  ether,  and  gives  an  intense  yellow 
colour  with  dilute  H2SO4.  It  yields  a crystalline 
oxalate  (Ber.  1878,  10,  2162). 

Bemijia  Bases. 

Cupreine  and  its  Derivatives  and  Salts. — 
Cupreine  C49H22O2N2  occurs  in  cuprea  bark 
(Bemijia  pedunculata)  together  with  the  other 
cinchona  alkaloids,  except  cinchonidine.  Its 
molecular  combination  with  quinine  was  at 
first  mistaken  for  a new  alkaloid,  and  called 
homoquinine  (Howard  and  Hodgkin,  Chem. 
Soc.  Trans.  1882,  41,  66;  Paul  and  Cownley, 
Pharm.  J.  1881,  12,  497).  Three  years  later, 
Paul  and  Cownley  isolated  the  new  alkaloid 
cupreine  from  homoquinine  (Pharm.  J.  1884, 
15,  221,  401  ; Hesse,  Annalen,  1884,  225,  98  ; 
ibid.  226,  242  ; 1885,  230,  72).  Cupreine  com- 
pletely crystallises  out  with  the  quinine  when  a 
sulphuric  acid  solution  of  the  bases  is  neutralised. 
It  is  separated  from  the  quinine  by  dissolving 
this  rough  sulphate  in  acid,  precipitating  the 
solution  with  excess  of  NaOH,  and  extracting 
the  quinine  with  ether.  The  alkaline  aqueous 
liquor  on  neutralising  with  H2SO4  throws  out 
cupreine  sulphate.  The  base  crystallises  from 
ether  in  concentric  prisms  containing  2H2O,  or 
from  alcohol  as  a crystalline  powder  containing 
^HgO,  dehydrating  at  120°.  It  is  sparingly 
soluble  in  ether  or  chloroform,  easily  soluble  in 

alcohol;  m.p.  198°,  [a]^^=  — 175*3°  for  1*5  p.c. 

solution  in  97  p.c.  alcohol.  Its  solution  in 
dilute  H2SO4  does  not  fluoresce,  but  gives  the 
thalleioquin  reaction  ; and  with  ferric  chloride 
a reddish-brown  colour  is  obtained.  Cupreine 
is  the  lower  homologue  of  quinine  having  a 
hydroxyl  group  replacing  the  methoxy  group  of 
quinine  in  the  para-  position  of  the  quinoline 
ring.  This  —OH  group  has  phenolic  properties 
which  enables  cupreine  to  form  salts  with  the 
alkalis,  and  strong  compounds  with  the  other 
cinchona  bases.  It  is  also  dibasic,  forming 
readily  crystalline  salts  with  acids.  Heated 
with  HCl  (sp.gr.  1*125)  to  150°  it  is  converted 
into  an  isomer,  apoquinine,  the  same  body 
being  obtained  from  quinine  under  similar 
treatment  (q.v.).  When  sodium  cupreinate  is 
treated  in  methyl  alcohol  solution  with  methyl 
chloride  or  methyl  nitrate,  quinine  (methyl- 
cupreine)  is  obtained  (Grimaux  and  Arnaud, 
Compt.  rend.  1891,  112,  374,  766;  114,  548, 
612).  By  this  reaction  the  following  higher 
homologues  of  quinine  were  obtained  by 
Grimaux  and  Arnaud  : — 
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Quinethyline  Ci9H2oN2(OH)OC2Hg,  a white 
powder,  m.p.  160°,  [a]j)=  — 169’4° ; sulphate 

B2'H2S04,H20,  plates,  soluble  in  397  of  water 
at  15°. 

Quinpropyline  Ci9H2oN2(OH)OC3H7,  a white 
powder,  m.p,  164°  ; sulphate  B2‘H2S04,1^H20, 
needles,  soluble  in  454  of  water  at  13°. 

Quinisopropyline  Ci9H2oN2(OH)OC3H7,  a 
white  powder,  m.p.  154°;  sulphateB2'H2S04,H20, 
needles,  soluble  in  367  of  water  at  10°. 

Quinisoamyline  Ci9H2oN2(OH)OC5H44,  amor- 
phous, m.p.  167°  ; sulphate  Bg '112804,  needles, 
soluble  in  4170  of  water  at  11 '5°. 

These  ethers  all  give  fluorescent  solutions  in 
dilute  H2SO4,  whereas  cupreine  does  not.  They 
are  strongly  febrifugal,  but  more  toxic  than 
quinine. 

Homoquinine.  The  molecular  compound 
of  quinine  and  cupreine  named  homoquinine 

C2oH2402N2'C49H2202N2,1,  2,  Or  4H2O 
may  be  obtained  by  dissolving  equi-molecular 
proportions  of  the  two  alkaloids  in  alcohol  and 
evaporating  to  dryness,  or  by  mixing  1 molecule 
of  quinine  hydrochloride  with  1 molecule  of 
sodium  cupreinate  (Hesse,  l.c.).  It  behaves 
like  a simple  alkaloid,  alkalis  alone  breaking  it 
up,  and  forms  well-defined  salts.  It  melts  at 
177°,  is  Isevorotatory,  and  dissolves  with  diffi- 
culty in  ether,  but  readily  in  alcohol. 

For  Hydrocupreine,  see  ‘ Hydroquinine.’ 

Salts  of  Cupreine. — Acetate  B'C2H402,2H20, 
fine  needles,  soluble  in  85  of  water  at  17° ; 
hydrobromide  B'HBrjHgO,  needles,  soluble  in 
122  of  water  at  16°  ; dihydrobromide  B'2HBr, 
soluble  in  12 '5  of  water  at  16°  ; hydrochloride 
B'HCljHgO,  small  needles,  soluble  in  53*5  of 
water  at  16° ; dihydrochloride  B-2HC1,  short 
prisms,  readily  soluble  in  eold  water  ; hydriodide 
B'HI,  soluble  in  106 '6  of  water  at  16°  ; dihy- 
driodide  B-2HI,H20,  orange  crystals,  soluble 
in  15  of  water  at  16°;  nitrate  B'HN03,2H20, 
needles,  soluble  in  86  of  water  at  16°  ; dinitrate 
B'2HN03,H20,  yellow  transparent  crystals, 
soluble  in  12 '2  of  water  at  17° ; oxalate 
B'C2H204,2H20,  colourless  crystals,  soluble  in 
407  of  water  at  18°  ; platinochloride 

H2H2PtClg,4H20 

yellow  amorphous  precipitate  ; diplatinochloride 
B'H2PtCl6,H20,  orange  needles ; sulphate 
B2H2S04,6H20  (Hesse),  anhydrous  (Howard 
and  Chick,  J.  Soc.  Chem.  Ind.  1909,  28,  53), 
needles,  soluble  in  813  of  water  at  17°  ; disul- 
phate  B'H2S04,H20,  thick  prisms,  soluble  in 
70 '4  of  water  at  16°  ; tetrasulphate 

B'2H2S04,3H20 

short  silky  needles,  very  soluble  in  water,  less 
soluble  in  alcohol ; tartrate  B2'C4He06,H20, 
white  needles,  soluble  in  517  of  water  at  16°, 

Cinchonamine  and  its  Salts. — Cinchonamine 
C19H24ON2  occurs  in  the  bark  of  Bemijia  Purdi- 
eana,  together  with  cinchonine,  concusconine, 
chairamine,  chairamidine,  conchairamine,  and 
conchairamidine.  It  is  obtained  by  extracting 
the  powdered  bark  with  hot  dilute  H2SO4,  the 
acid  extract  is  precipitated  by  ammonia,  and 
the  precipitated  bases  filtered  and  dried.  This 
dried  mass  is  then  extracted  with  boiling 
alcohol,  the  alcohol  extract  concentrated, 
cooled,  and  treated  with  HNO3  (sp.gr.  1-200) 
until  decidedly  acid.  Cinchonamine  nitrate  is 


precipitated  and  is  purified  by  recrystallisation 
from  boiling  water  (Arnaud,  Compt.  rend.  1881, 
93,  593;  1885,  97,  174;  Hesse,  Annalen,  1884, 
225,  218). 

The  base  crystallises  in  needles  or  ortho- 
rhombic prisms,  melting  at  185°,  and  subliming, 

[a]p^= -f  121'1°  for  2 p.c,  solution  in  97  p.c. 

alcohol.  It  dissolves  in  alcohol  or  chloroform, 
and  in  100  of  ether  at  17°  ; slightly  soluble  in 
benzene,  petroleum  ether,  CSg,  or  water.  It  is 
a strong  base,  giving  well-defined  salts,  and  differs 
from  its  isomerides,  hydrocinchonine  and  hydro - 
cinchonidine,  in  being  readily  attacked  by 
permanganate  at  0°  in  H2SO4  solution.  It 
differs  from  the  cinchona  bases  in  the  great 
solubility  of  its  sulphate  and  the  insolubility  of 
its  nitrate.  Arnaud  proposed  the  use  of  this 
alkaloid  for  the  estimation  of  nitrates,  but  the 
method  is  limited  in  its  application  (Ann,  Chim. 
Phys.  1890,  19,  93  ; Howard  and  Chick,  J.  Soc. 
Chem.  Ind.  1909,  28,  53).  Treated  with  excess 
of  nitric  acid  (sp.gr.  1 06)  a yellow  amorphous 
explosive  body,  dinitrocinchonamine 

C,9H22(N02)20N2 

is  formed,  soluble  in  alcohol,  chloroform,  or 
ether,  and  melting  at  1 18°,  This  base  is  insoluble 
in  strong  HCl,  but  soluble  in  the  dilute  acid ; 
and  on  heating  with  strong  HCl  does  not  give 
methyl  chloride.  It  is  strongly  febrifugal,  but 
also  very  toxic. 

Salts. — Citrate  B2'CeHg07,  prisms,  soluble 
in  51  of  water  at  15°  ; hydrobromide  B’HBr, 
long  needles,  soluble  in  600  of  water  at  15°  ; 
hydrochloride  B -HCl,  soft  laminae,  or  B-HC1,H20, 
transparent  cubes,  both  soluble  in  200  of  water 
at  27°  (Howard  and  Perry,  J.  Soc.  Chem.  Ind. 
1905,  24,  1281)  ; hydriodide  B-HI,  long  prisms 
or  plates,  soluble  in  950  of  water  at  15°  ; hypo- 
sulphite B-H2S203,  prisms,  slightly  soluble  in 
water;  malate  B2'C4Hg05,H20,  flaky  crystals, 
soluble  in  100  of  water  at  15°  ; nitrate  B-HN03, 
short  prisms,  soluble  in  500  of  water  at  15°  ; 
platinochloride  Bg’HgPtClg,  semi- crystalline  yel- 
low precipitate,  insoluble  in  water ; picrate 
B-CgH2(N02)3'0H,|^H20,  yellow  flocks,  insoluble 
in  water;  sulphate  B2'H2S04,  transparent 
prisms,  very  soluble  in  water,  less  soluble  in 
alcohol;  disulphate  B'H2S04,  octahedra  or 
prisms,  very  soluble  in  water ; sulphocyanide 
B'HCNS,  laminae  or  short  prisms,  insoluble  in 
water  ; tartrate  B2'C4HgOg,  crystalline  powder 
or  thick  prisms,  soluble  in  87  of  water  at  15°, 

Concusconine  C23H26O4N2.  To  produce  this 
base  Hesse  extracted  Bemijia  Purdieana  with 
alcohol,  evaporated  the  extract  to  dryness, 
added  a large  excess  of  NaOH,  and  extractecl 
with  ether.  On  shaking  the  ethereal  extract 
with  excess  of  dilute  H2SO4  the  concusconine  is 
precipitated  as  sulphate  together  with  the 
chairamine  isomerides  ; the  cinchonine  and  cin- 
chonamine remaining  in  the  acid  solution.  The 
rough  sulphate  is  boiled  with  Na2C03  solution, 
and  the  freed  bases  washed,  dried,  weighed, 
dissolved  in  boiling  alcohol,  and  1 part  of  H2SO4 
added  for  every  8 parts  of  alkaloid.  Con- 
cusconine sulphate  separates  out  completely  on 
cooling  (Annalen.  1884,  225,  234).  The  base 
forms  colourless  monoclinic  prisms  containing 
IH2O ; m.p.,  after  drying,  206°-208°  with 

decomposition ; [a]^'^=  -f  40’8°  for  2 p.c.  solution 
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in  97  p.c.  alcohol.  It  is  slightly  soluble  in 
strong  alcohol,  less  so  in  dilute,  very  soluble  in 
chloroform,  ether,  or  benzene.  A solution  in 
acetic  acid  or  HCl  gives  a dark-green  colour  with 
concentrated  HNO3.  This  reaction  is  also  given 
with  the  chairamine  isomerides.  Concentrated 
H2SO4  gives  a bluish-green  solution,  turning 
olive -green  on  warming.  It  is  a weak  base,  its 
alcoholic  solution  being  neutral  to  litmus.  Its 
salts  are  mostly  gelatinous,  but  it  gives  a crystal- 
line sulphate  62*112804  in  small  white  prisms 
almost  insoluble  in  water  or  alcohol ; an  oxalate 
62*0211204 ; and  a platinochloride  6*H2PtCl6. 
Concusconine  is  isomeric  with  brucine.  It 
contains  two  methyoxy  groups. 

Chairamine  C22H26O4N2.  On  adding  a little 
concentrated  HCl  to  the  alcoholic  mother  liquor 
of  the  concusconine  sulphate  (above),  chairamine 
hydrochloride  crystallises  out  in  small  needles. 
The  base  crystallises  from  dilute  alcohol  in 
slender  white  needles  or  from  strong  alcohol  in 
thick  prisms  containing  IH2O,  which  melt  at 
140°,  and,  after  drying,  at  233°  ; [a]j)=  about 
+ 100  in  97  p.c.  alcohol.  It  is  readily  soluble  in 
chloroform  or  ether,  and  in  540  of  97  p.c.  alcohol 
at  11°.  Its  acetic  acid  solution  gives  a dark- 
green  colour  with  concentrated  HNO3.  In 
concentrated  H2SO4  the  base  gives  a colourless 
solution,  slowly  turning  dark  green.  It  gives  a 
hydrochloride  6*HC1,H2D>  needles,  soluble  in 
water,  slightly  soluble  in  alcohol  a platino- 
chloride 6*H2PtCl8,2H20 ; and  a sulphate 
62  "H2S04,8H20. 

Conchairamine  C22H26O4N2.  On  adding  a 
little  solution  of  potassium  sulphocyanide  to  the 
chairamine  hydrochloride  mother  liquor  (above), 
conchairamine  sulphocyanide  is  obtained. 
The  base  is  liberated  with  NaOH  and  re- 
crystallised from  alcohol.  Thick  colourless 
prisms  6*620*026506  are  obtained,  melting 
at  82°-86°,  and  losing  their  water  and  alcohol 
of  crystallisation  at  120°,  being  at  the  same 
time  converted  into  an  amorphous  form. 
An  acetic  acid  solution  of  the  base  pre- 
cipitated with  ammonia  yields  white  crystalline 
flocks  containing  IH2O,  melting  and  de- 
hydrating at  110°.  The  anhydrous  base  melts 

at  120°,  and  has  +68*4°  for  2 p.c.  solution 

in  97  p.c.  alcohol.  It  is  soluble  in  chloroform 
or  ether  and  in  boiling  alcohol.  In  concentrated 
H2SO4  the  base  gives  a brown  solution  turning 
dark  green.  It  gives  a dark-green  colour  in 
acetic  acid  solution  with  concentrated  HNO3. 
A solution  of  the  base  in  alcohol  is  neutral  to 
litmus.  Its  salts  are  readily  crystalline,  the 
chief  being  : hydrochloride  6 *HC1 ; hydriodide 
6*61,620  ; platinochloride  6*H2PtCle,5H20  ; 
sulphocyanide  6’*HCNS,H20  ; sulphate 

62*62804,9620 

Chairamidine  C22H26O4N2.  When  more  potas- 
sium sulphocyanide  is  added  to  the  filtrate  from 
the  conchairamine  sulphocyanide  until  the  dark 
colour  of  the  solution  becomes  light  brown  a 
pitch-like  mass  separates.  The  mother  liquor  is 
now  treated  with  excess  of  ammonia  and  shaken 
out  with  benzene ; the  benzene  is  extracted 
with  acetic  acid  and  the  acid  solution  treated 
with  a saturated  solution  of  ammonium  sulphate, 
when  a mixture  of  chairamidine  and  conchair- 
amidine  sulphate  is  precipitated,  I'he  mixed 


sulphates  are  dissolved  in  boiling  water  and 
cooled,  a gelatinous  mass  precipitating,  part  of 
which  becomes  crystalline  after  standing  some 
days.  On  now  warming  to  40°,  the  gelatinous 
part  redissolves,  leaving  the  crystals  of  conchair- 
amidine  sulphate.  On  re- cooling  chairamidine 
sulphate  falls  again  as  a jelly,  which  is  drained 
off,  re -dissolved  in  water,  and  the  base  precipi- 
tated with  ammonia. 

Chairamidine  is  a white  amorphous  powder 
containing  IH2O,  melting,  when  dry,  at  126°- 

128°  with  decomposition,  and  has  [a]^®=+7*3° 

for  3 p.c,  solution  in  97  p.c.  alcohol.  It  is 
insoluble  in  water,  readily  soluble  in  alcohol, 
ether,  chloroform,  or  benzene.  It  is  a feeble 
base,  its  alcoholic  solution  being  neutral  to 
litmus.  It  gives  a yellow  solution  in  concen- 
trated H28O4,  slowly  turning  green.  Animal 
black  completely  removes  it  from  its  solution 
in  acetic  acid.  Its  salts,  which  are  amorphous, 
have  been  little  studied. 

Conchairamidine  C22H26O4N2.  This  base  is 
obtained  as  crystalline  sulphate  in  the  prepara- 
tion of  chairamidine  (above).  The  free  base  is 
crystalline,  contains  IH2O,  melts  at  114°-115° 

after  drying,  and  has  [a]^^=— 60°  for  3 p.c. 

solution  of  the  anhydrous  base  in  97  p.c.  alcohol. 
It  is  very  soluble  in  alcohol,  ether,  chloroform, 
benzene,  or  acetone.  It  is  a feeble  base  and 
neutral  to  litmus.  It  gives  a dark-green  colour 
in  concentrated  62804.  It  gives  crystalline 
salts,  the  chief  being:  hydrochloride  6*601,3620; 
platinochloride  6*H2PtCl6,5H20 ; sulphate 
62*62804,14620. 

Cusco  6ases. 

Aricine  C23H26O4N2.  This  alkaloid  was 
discovered  in  Cusco  bark  by  Pelletier  and 
Corriol  (J.  Pharm.  Chim,  1829,  15,  575),  and  is 
identical  with  Manzini’s  cinchovatine.  Hesse 
obtained  this  base  by  extracting  the  powdered 
bark  with  alcohol,  treating  the  alcoholic  extract 
with  excess  of  NaOH,  and  extracting  with 
ether.  The  ethereal  solution  was  shaken  out 
with  acetic  acid,  and  the  acid  solution  partially 
neutralised  with  ammonia,  when  aricine  acetate 
separates  out.  The  filtrate  mixed  with  a 
strong  solution  of  ammonium  sulphate,  yielded 
cusconine  sulphate  (Annalen,  1878,  185,  296), 
Moissan  and  Landrin,  after  powdering  the  bark, 
treating  it  with  lime  and  40  p.c.  NaOH  and 
re- drying,  extract  the  alkaloids  with  ether. 
On  washing  out  the  ethereal  solution  with 
dilute  6380 4 aricine  sulphate  falls  out,  is 
decomposed  with  ammonia,  and  the  free  base 
crystallised  from  alcohol  (J.  Pharm,  Chim.  1890, 
[5]  21,  337). 

Aricine  forms  large  colourless  prisms,  insol- 
uble in  water,  soluble  in  100  of  90  p.c.* alcohol, 
or  in  33  of  ether,  at  15°  ; very  soluble  in  chloro- 
form. It  melts  at  188°  and  has  [a]^^=— 58*2° 

for  2 p.c.  solution  in  97  p.c.  alcohol.  In  acid 
solution  it  is  dextrorotatory,  [a]jj=  + 14*5°.  It 
gives  a yellow-green  colour  in  strong  H28O4, 
turning  a fine  deep  blue  on  addition  of  ammonium 
molybdate,  which  on  warming  turns  olive-green, 
reverting  to  blue  on  cooling.  This  reaction  is 
characteristic  for  aricine  and  cusconine.  Nitric 
acid^colours  aricine  deep  green,  and  dissolves 
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it  to  a greenish-yellow  solution.  Aricine  is  not 
bitter  in  flavour,  but  slightly  astringent.  It 
is  a feeble  base,  its  salts  partly  dissociating  in 
water. 

The  chief  salts  are  : acetate 

small  white  granular  crystals,  almost  insoluble 
in  cold  water,  slightly  soluble  in  hot ; citrate 
B'CgH^Og,  colourless  needles,  slightly  soluble 
in  water  ; hydrochloride  B'IIC1,2H20,  colourless 
prisms,  slightly  soluble  in  cold  water  ; hydriodide 
B'Hl,  colourless  prisms,  almost  insoluble  in 
water ; oxalate,  granular  white  crystalline 
powder;  binoxalate  B’C2H204,2H20,  prisms, 
rapidly  changing  to  rhombohedra,  soluble  in 
2025  of  water  at  18° ; platinochloride 
B2’H2PtClg,5H20,  orange-yellow  precipitate, 
sparingly  soluble  in  water  ; salicylate 

B-C,Hg03,2H20 

pale  yellow  pulverulent  precipitate,  sparingly 
soluble  in  water,  easily  soluble  in  alcohol ; 
sulphate  B2‘H2S04,  fine  needles,  fairly  soluble 
in  cold  water;  disulphate  B'H2S04,  small 
crystalline  groups,  very  slightly  soluble  in  cold 
water  ; sulphocyanide  B'HCNS,  small  colourless 
prisms,  very  slightly  soluble  in  water. 

Cusconine  C23H2g04H2.  The  rough  cusco- 
nine  sulphate,  obtained  from  the  aricine  acetate 
mother  liquid  (above),  on  precipitation  with 
ammonia  as  the  base  and  crystallising  from 
ether,  is  obtained  as  white  laminaj.  From 
alcohol  or  acetone  larger  crystals  may  be 
obtained.  The  crystallised  base  contains  2H2O, 
which  it  loses  at  80°,  the  anhydrous  base  melting 

at  110°.  It  has  54‘3°  for  a 2 p.c.  solu- 

tion in  97  p.c.  alcohol.  The  base  dissolves  in 
35  parts  of  ether  at  15°,  more  easily  in  alcohol 
or  acetone,  is  very  soluble  in  chloroform,  but 
is  insoluble  in  water.  It  gives  the  same  colour 
reactions  with  H2SO4  and  ammonium  molybdate 
as  aricine.  It  is  a feeble  base,  its  salts  having 
an  acid  reaction.  Most  of  the  salts  are  gela- 
tinous or  amorphous.  Hesse  (Annalen,  1878, 
185,  296)  prepared  the  following  salts  : auri- 
chloride,  dirty  yellow  amorphous  precipitate 
readily  decomposing ; hydrobromide,  white 
amorphous  precipitate,  soluble  in  water ; 
hydrochloride,  uncrystallisable,  but  forms  with 
mercuric  chloride  a pulverulent  precipitate 
B’HCl‘HgCl2,2H20 ; hydriodide,  pale  yellow 
amorphous  precipitate,  freely  soluble  in  water  ; 
platinochloride  B2,H2PtClg,5H20,  amorphous 
flocculent  dark  yellow  precipitate ; sulphate 
B2H2kS04,  laminse  from  alcohol ; disulphate, 
gelatinous  and  uncrystallisable ; thiocyanate 
B-HCNS,2H20,  pale  yellow  amorphous  powder. 

Cusconidine,  an  amorphous  base  precipitated 
from  cusconine  mother  liquors  with  alkalis  ; it 
falls  as  pale  yellow  flakes  which,  after  washing, 
mass  together,  and  on  drying  form  an  amorphous 
mass  (Hesse,  Annalen,  1880,  200,  303). 

Cuscamine.  From  an  acetic  acid  solution 
of  the  total  alkaloids  of  Cusco  bark  nitric  acid 
precipitates  insoluble  cuscamine  and  cuscamidine 
nitrates.  On  conversion  of  the  nitrates  to 
oxalates,  and  washing  with  water,  cuscamidine 
oxalate  dissolves,  leaving  cuscamine  oxalate. 
The  free  base  is  obtained  by  treating  with 
NaOH,  and  crystallising  from  ether  and  alcohol. 
Cuscamine  forms  colourless  prisms,  m.p.  218° 


(uncorr.),  with  decomposition,  very  soluble  in 
ether,  moderately  soluble  in  alcohol.  It  gives  a 
yellow  colour  with  concentrated  H2SO4,  turning 
brown  on  warming  ; on  adding  molybdic  acid 
a bluish-green  colour  is  obtained,  turning  brown 
on  heating,  and  violet-brown  on  re-cooling. 
With  nitric  acid  a yellow  colouration  is  obtained. 
It  readily  yields  crystalline  salts  (Annalen, 
1880,  200,  304). 

Cuscamidine  is  obtained  by  concentration  of 
its  oxalate  solution  obtained  as  above.  It 
closely  resembles  cuscamine  in  chemical  and 
physical  properties,  but  its  salts  are  more 
soluble . 

Aspidospbrm.4.  Bases. 

Paytine  C21H24ON2  is  extracted  from  the 
white  bark  of  Payta  (Peru)  by  means  of  alcohol. 
The  alcoholic  extract  is  dried,  mixed  with 
NaOH,  shaken  with  ether,  the  ethereal  solution 
extracted  with  dilute  H2SO4,  the  acid  liquor 
treated  with  animal  charcoal  and  neutralised 
with  ammonia.  On  adding  KI  solution 
until  no  more  precipitation  occurs,  paytine 
hydriodide  falls  as  a white  precipitate,  be- 
coming dense,  yellow,  and  crystalline.  The 
free  base  crystallises  in  fine  prisms  con- 
taining IHgO,  and  is  soluble  in  alcohol, 
ether,  benzol,  ligroin,  and  chloroform,  slightly 
soluble  in  water;  m.p.  156°,  [a]j=— 49‘5°  in 
0‘45  p.c.  alcoholic  solution.  An  alcoholic 
solution  is  alkaline  to  litmus.  The  base  has  a 
bitter  flavour,  but  is  not  toxic.  It  gives  curious 
characteristic  colour  reactions.  With  con- 
centrated HNO3  it  gives  a colourless  solution 
passing  through  garnet-red  to  yellow.  Its 
hydrochloride  yields  with  platinum  chloride  a 
dark  yellow  precipitate,  dissolving  in  HCl  to  a 
reddish-brown  solution,  turning  blue  and  giving 
a blue  precipitate.  Bleaching  powder  produces 
in  acid  solution  a dark  red  colour,  turning  blue 
and  then  pale  yellow  with  precipitation.  Gold 
chloride  gives  a purple  colour  and  precipitate  ; 
mercuric  chloride  a yellow  amorphous  precipi- 
tate. It  gives  several  crystalline  salts,  the 
chief  being  the  hydrochloride  B’HCl,  prisms, 
soluble  in  16 ‘6  of  water  at  15°.  Heated  with 
soda-lime  it  yields  a non-nitrogenous  body, 
paytone  (Hesse,  Annalen,  1870,  154,  287  ; 

1873,  166,  259;  1882,  211,  280;  Ber.  1881,  13, 
2308 ; Wulfsberg,  Pharm.  Zeit.  1880,  546  ; 
Arata,  Gazz.  chim.  ital.  1881,  11,  246). 

Paytamine  C2iH240N2  is  an  amorphous 
alkaloid  precipitated  from  the  iodide  mother 
liquor  of  paytine  hydriodide  (see  above)  by 
alkalis.  It  is  readily  soluble  in  ether,  gives  a 
purple  colour  with  gold  chloride,  but  differs 
from  paytine  in  yielding  a soluble  hydriodide, 
and  by  not  giving  paytone  on  heating  with  soda- 
lime.  B.  F.  H.  & 0.  C. 

CINEOL  V.  Camphors,  Santonica.  For 
method  of  estimating  cineol  in  volatile  oils,  see 
Dodge,  Analyst,  1912,  461.  For  its  solubility 
in  water,  see  Earle,  J.  Soc.  Chem.  Ind.  1918, 
274  T. 

CINNABAR.  Native  mercury  sulphide  (HgS), 
and  the  only  ore  of  this  metal.  Its  crystals  are 
rhombohedral,  with  perfect  cleavages  parallel 
to  the  faces  of  the  hexagonal  prism  ; they  are 
of  interest  crystallographically  in  presenting  the 
same  type  of  trapezohedral  symmetry  as  quartz. 
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and,  like  this,  they  rotate  the  plane  of  plane - 
polarised  light.  They  are  bright-red  in  colour, 
often  transparent,  and  have  a brilliant  adaman- 
tine to  sub-metallic  lustre  ; the  scarlet  streak  is 
characteristic.  Sp.gr.  8’1  ; hardness,  2-2^. 
The  refractive  indices  are  high  : for  the  ordinary 
ray  2*854,  and  for  the  extraordinary  ray  3*201 
for  red  light.  The  massive  ore,  which  may  be 
compact  or  earthy  in  texture,  is  of  the  same 
colour ; but  sometimes  it  is  liver- brown  or  black, 
owing  to  the  admixture  of  clay  or  organic  matter, 
as  in  the  varieties  called  respectively  hepatic 
cinnabar  and  coral-ore  (German,  Korallenerz). 
Cinnabar  is  very  sporadic  in  its  distribution, 
and  no  mineral  containing  mercury  has  yet 
been  found  in  the  British  Isles.  It  is  mined 
at  Almaden  in  Spain ; Monte  Amiata  in  Tus- 
cany ; Idria  in  Carniola ; New  Almaden  in 
California ; in  the  provinces  of  Kwei-chou  and 
Hunan,  in  central  China  ; and  in  Mexico  and 
Peru. 

Cinnabar  and  two  other  crystalline  modifi- 
cations of  mercuric  sulphide  have  been  obtained 
artificially  by  E.  T.  Allen  and  J.  L.  Crenshaw 
(1912).  Cinnabar  is  the  stable  form  at  all 
temperatures  up  to  its  sublimation  point,  about 
580^  L.  J.  S. 

CINNABAR,  AUSTRIAN,  Chromium. 

C INN  AM  ALDEHYDE,  Cinnamic  aldehyde 
CgH5*CH  : CH*CHO,  is  contained,  together  with 
a hydrocarbon,  in  oil  of  cinnamon  and  oil 
of  cassia.  It  may  be  extracted  from  oil  of 
cinnamon  by  shaking  the  oil  with  a concen- 
trated solution  of  sodium  bisulphite,  filtering  off 
the  crystalline  bisulphite  compound,  washing 
the  latter  with  alcohol  and  distilling  it  'with 
dilute  sulphuric  acid,  when  the  cinnamaldehyde 
passes  over  with  the  steam.  The  cinnamalde- 
hyde  is  extracted  from  the  aqueous  distillate 
with  ether,  and,  after  expelling  the  ether,  is 
purified  by  distillation  under  a pressure  of  from 
40  to  50  mm.  (Peine,  Ber.  1884,  2109).  It  may 
be  extracted  from  cassia  oil  by  adding  to  it  the 
barium  salt  of  sulphanilic  acid,  filtering  off  the 
crystalline  compound  thus  formed  and  steam 
distilling,  whereby  the  compound  is  resolved 
into  its  components  and  cinnamaldehyde  distils 
over  (Ch.  Fab.  von  Heyden  Akt.-Gesel.  D.  R.  P. 
J 24229;  Chem.  Zentr.  1901,  ii.  903).  It  is 
obtained  by  allowing  a mixture  of  10  parts  of 
benz  aldehyde,  15  of  ordinary  aldehyde,  900  of 
water,  and  10  of  a 10  p.c.  solution  of  caustic 
soda  to  stand  at  a temperature  of  about  30® 
for  from  8 to  10  days,  shaking  from  time  to 
time  : 

CgHg-CHO  -f  CHyCHO  = CgH5*CH:CH*CHO  + HgO 

The  solution  is  extracted  with  ether  and  the 
ethereal  extract  treated  as  in  the  foregoing 
method  (Krszysica,  Ber.  1884,  2117).  It  is 
best  prepared  by  the  condensation  of  benzalde- 
hyde  and  ordinary  aldehyde  at  a low  tempera- 
ture by  means  of  a concentrated  alkali  solution. 
The  alcoholic  solution  of  the  aldehydes,  cooled 
to  —10®,  is  agitated  with  a 25-30  p.c.  solution 
of  caustic  soda,  previously  cooled  to  the  same 
temperature.  IJnder  these  conditions  the  forma- 
tion of  resins  is  avoided  (Boehringer  and  Sohne, 
Eng.  Pat.  10003  ; J.  Soc.  Chem.  Ind.  1897,  463). 
Also  formed  when  a mixture  of  calcium  cinna- 
mate  and  calcium  formate  is  distilled  (Piria, 
Annalen,  100,  105). 


It  is  a colourless  oil  with  a pleasant  aromatic 
smell  of  cinnamon.  It  decomposes  when  dis- 
tilled under  ordinary  pressures,  especially  with 
access  of  air,  but  may  be  distilled  without  de- 
composition in  a current  of  steam  or  under 
reduced  pressure.  It  boils  at  120°- 1 30®  under  a 
pressure  of  20  mm.  (Peine,  Ber.  1884,  2110) ; 
at  209*5°  under  250  mm.  (Perkin,  Chem.  Soc. 
Trans.  1896,  1247)  and  solidifies  at  -—7*5® 
(Pictet,  Compt.  rend.  119,  955) ; sp.gr.  1*0497 
20®/4®  (Briihl,  Annalen,  235,  18). 

By  oxidation  it  yields  first  cinnamic  acid 
and  afterwards  benzaldehyde  and  benzoic  acid. 
Direct  reduction  does  not  lead  to  cinnamyl 
alcohol  as  the  aldehyde  polymerises.  Reduction 
with  the  zinc-copper  couple  gives  rise  to  hydro- 
cinnamom  C2H2(OH)2(CH  : CHPh)2  (Thiele,  Ber. 
1899,  1296).  It  gives  the  usual  reactions  of 
the  aldehydes.  The  diacetyl  derivative  of  the 
aldehyde,  obtained  by  the  action  of  acetic  anhy- 
dride, can,  however,  be  easily  reduced  by  iron 
in  acetic  acid  solution,  and  by  subsequent 
saponification  the  alcohol  is  obtained  (Barbier 
and  Leser,  Bull.  Soc.  chim.  1905,  858). 

Estimation. — To  estimate  cinnamic  aldehyde 
in  oil  of  cinnamon  or  oil  of  cassia,  10  c.c.  of  the 
oil  are  heated  on  the  water-bath,  and  a solution 
of  sodium  bisulphite  added  in  small  quantities, 
time  being  allowed  for  the  solid  to  liquefy  between 
each  addition.  -The  precipitate  is  filtered  off  and 
weighed  (Schimmel,  Chem.  Zentr.  1892,  i.  92). 
Hanus  (J.  Soc.  Chem.  Ind.  1903,  1154)  estimates 
cinnamaldehyde  by  means  of  its  semioxama- 
zone.  See  also  Burgess,  Analyst,  29,  78. 

It  may  be  estimated  colorimetrically  by  the 
reaction  it  develops  on  treatment  with  sulphuric 
acid  and  ^sobutyl  alcohol  (Jellenberg), 

CINNAMEIN  V.  Balsam  of  Peru,  art. 
Balsams. 

CINNAMIC  ACID  CgH5*CH:CH*COOH.  {Acide 
cinnamique,  Er.  ; Zimmtsaure,  Ger.)  ^-Phenyl- 
acrylic  acid.  The  separation  of  a solid  acid 
from  oil  of  cinnamon  on  keeping  was  first 
observed  towards  the  end  of  the  I8th  century, 
but  the  acid  was  confounded  with  benzoic  acid, 
until  Bizio,  in  1826,  showed  that  it  was  a 
distinct  acid.  It  was  first  investigated  by  Dumas 
and  Peligot  (Annalen,  14,  56). 

Occurrence. — In  liquid  storax,  partly  free, 
partly  as  cinnamyl  cinnamate  (styracin)  ; in 
tolu  and  Peru  balsams  together  with  benzoic 
acid  and  benzyl  cinnamate  ; in  some  sorts  of 
gum  benzoin  ; in  Barbados  aloes  ; and  in  the 
leaves  and  stalks  of  Globularia  olypum  and  G. 
vulgaris,  in  the  leaves  of  Enkianthus  japonicus, 
and  as  esters  in  many  varieties  of  guttapercha. 

Formation  and  Preparation. — It  is  formed 
by  heating  benzaldehyde  with  acetyl  chloride  at 
120®- 130°  (Bertagnini,  Annalen,  100,  126)  : 

C6H5*CH0  + CHg-COCl  = CgH5*CH:CH*C02H  + HC 1 

Perkin  showed  that  it  might  be  more  readily 
obtained  by  heating  a mixture  of  benzaldehyde, 
acetic  anhydride,  and  anhydrous  sodium  ace- 
tate 

CgH5*CH0  + (CH3*C0)20=CgH5*CH:CH*C02H  + C2H402 

(Chem.  News,  32,  258  ; Chem.  Soc.  Trans.  1877, 
388).  Edeleano  and  Budishteano  (Bull.  Soc, 
chim.  3,  [3]  191)  state  that  by  heating  1 part  of 
benzaldeliyde,  1 part  of  acetyl  cldoride,  and  3 
parts  of  sodium  acetate  for  24  hours  at  160®,  and 
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subsequently  extracting  with  alkali  and  precipi- 
tating the  cinnamic  acid  with  hydrochloric  acid, 
the  cinnamic  acid  is  obtained  in  quantitative 
yield.  The  cinnamic  acid  employed  in  the  pre- 
paration of  artificial  indigo  was  at  first  manu- 
factured by  this  method ; but  the  process  was 
afterwards  improved  by  Caro  (D.  R.  P.  17467  and 
18232  ; Frdl.  i.  26),  who  showed  that  cinnamic 
acid  could  be  prepared  by  heating  benzal  chloride 
with  dry  sodium  acetate,  thus  avoiding  the  use 
of  the  expensive  acetic  anhydride 

C6H5-CHCl2+2CH3-C02Na 

^CgHg-CH : CH-C02H-f2NaCl+C2H402 

1 part  benzal  chloride,  and  from  2 to  3 parts 
of  finely  powdered  fused  sodium  acetate  (for 
which  potassium  acetate  or  a mixture  of  the 
potassium  and  sodium  salts  may  be  substituted) 
are  heated  at  180°-200°  for  from  10  to  20  hours 
in  an  autoclave  furnished  with  a mechanical 
stirrer.  The  melt  is  mixed  with  water,  rendered 
alkaline  with  caustic  soda,  and  steam- distilled 
to  remove  volatile  oils,  after  which  the  solution 
in  the  retort  is  filtered  hot,  and  the  cinnamic 
acid  is  precipitated  with  hydrochloric  acid, 
filtered  off  after  allowing  the  solution  to  cool, 
pressed,  and  finally  purified  by  recrystallisation 
from  boiling  water  or  alcohol.  A method 
patented  by  the  Farbwerke  vorm.  Meister, 
Lucius  und  Briining  (D.  R.  P.  18064),  in  which 
lead  acetate  is  substituted  for  sodium  acetate, 
offers  no  advantages  over  the  foregoing. 

Cinnamic  acid  may  be  prepared  from 
benzylideneacetone  CgHg'CHiCH'CO’CHg,  which 
is  readily  obtained  by  the  condensation  of 
benzaldehyde  with  acetone  under  the  influence 
of  dilute  caustic  soda  (Claisen,  Ber.  14,  2471). 
When  this  compound  is  oxidised  by  warming  it 
with  sodium  hypobromite,  it  is  converted  into 
cinnamic  acid  (Farbwerke  vorm.  Meister, 
Lucius  und  Briining,  D,  R.  P.  21162  ; Frdl.  i.  28). 

By  employing  substituted  benzaldehydes, 
benzal  chlorides,  or  benzylidene-acetones  in  the 
foregoing  reactions,  substituted  cinnamic  acids 
may  be  obtained. 

It  may  also  be  prepared  from  benzaldehyde 
and  malonic  acid  in  the  presence  of  ammonia  or 
amines ; in  the  place  of  benzaldehyde  the 
benzylidene  compounds  of  certain  amines,  such 
as  hydrobenzamide,  may  be  used  (Knoevenagel, 
Ber.  1898,  2692;  Chem.  Zentr.  1898,  ii.  695; 
D.  R.  P.  97735)  ; or  by  heating  benzylidene 
diacetate  with  glacial  acetic  acid  and  sodium 
acetate  for  10  hours  at  160°-180°  (Nef,  Annalen, 
1897,  298,  309). 

Cinnamic  acid  may  be  extracted  from  storax 
by  boiling  in  a retort  L5  kilos  of  storax  with 

2 litres  of  caustic  soda  of  24°B.  until  no  more  oily 
, drops  distil  over  with  the  steam.  In  this  pro- 
cess the  styracin  is  hydrolysed,  forming  sodium 
cinnamate  and  cinnamyl  alcohol,  the  latter 
being  volatile  with  the  steam.  The  aqueous 
liquid  in  the  retort  is  separated  and  the  residue 
repeatedly  extracted  with  boiling  water,  after 
which  the  cinnamic  acid  is  precipitated  from 
the  united  aqueous  solutions  by  hydrochloric 
acid  and  purified  by  recrystallisation  (Beilstein 
and  Kuhlberg,  Annalen,  163,  123) ; Claassen  (J. 
Soc.  Chem.  Ind.  1897,  932)  uses  sodium  carbonate 
instead  of  caustic  soda.  Precipitated  cinnamic  I 
acid  may  be  readily  freed  from  adhering  resin 
by  recrystallising  it  from  hot  light  petroleum.  I 


Properties  and  Eeactions. — Forms  slender 
needles  or  large  transparent  prisms  melting  at 
133°.  Sublimes  in  absolute  vacuum  at  108° 
(Liebermann,  Ber.  1900,  33,  2402).  Boils  at 
300°  (corr.).  If  rapidly  distilled,  it  scarcely 
suffers  any  decomposition,  but  by  slow  heating 
I it  is  broken  up  into  stryolene  CgH5-CH:CH.2  and 
carbon  dioxide.  Sparingly  soluble  in  cold,  more 
readily  in  boiling  water  ; easily  soluble  in  alcohol. 
Forms  crystalline  salts  closely  resembling  those 
of  benzoic  acid.  Oxidising  agents  convert  it 
first  into  benzaldehyde  (distinction  from  benzoic 
acid)  and  afterwards  into  benzoic  acid,  the  final 
products  when  potassium  permanganate  is  used 
being  phenylglyceric  acid,  benzaldehyde,  and 
benzoic  and  oxalic  acids  (Fittig  and  Ruer, 
Annalen,  268,  27).  When  taken  internally  it 
is  oxidised  to  benzoic  acid,  and  appears  in  the 
urine  as  hippuric  acid.  By  fusion  with  caustic 
potash  it  yields  a mixture  of  benzoate  and 
acetate.  It  unites  with  nascent  hydrogen  to 
form  hydrocinnamic  (;8-phenyl-propionic)  acid  ; 
with  bromine  to  form  a dibromide  ; and  with 
the  hydracids  to  form  ;3-halogen-hydrocinnamic 
acids — thus  ^-chlor-hydrocinnamic  acid  CgHg* 
CHCl-CHa-CO.^H. 

Cinnamic  acid  condenses  with  hydrocarbons  ; 
thus  with  benzene  and  sulphuric  acid,  it  forms 
phenylhydrindone  (Liebermann  and  Hartmann, 
Ber.  1892,  2124)  ; with  phenols,  phenol  itself 
yielding  hydroxyphenylcoumarin  (L.  and  H. 
ibid.  1892,  957),  and  with  sulphur  to  form 
diphenylthiophene.  For  its  detection,  see  Schenk 
I & Burmeister,  Pharm.  Zeit.  1915,  60,  213 ; 
Analyst,  1915,  409. 

Esters.  Methyl  cinnamate.  White  crystal- 
line solid ; m.p.  36°  ; b.p.  263°. 

Ethyl  cinnamate  may  be  obtained  direct 
from  benzaldehyde  by  means  of  ethyl  acetate 
and  sodium  (Farb.  vorm.  Meister,  Lucius  und 
Briining,  D.  R.  P.  53671  ; Eng.  Pat.  4969  ; J. 
Soc.  Chem.  Ind.  1891,  358  ; Claisen,  Ber.  1890, 
976).  It  is  a colourless  liquid,  boiling  at  226° 

I (corr.)  under  250  mm.  (Perkin,  Chem.  Soc. 
Trans.  1896,  1228).  By  heating  2 parts  of  ethyl 
cinnamate  with  1 part  of  sulphur  at  150°- 160° 
for  8 hours,  a yellow  odourless  compound 
CgHgSaO  is  formed,  and  is  suitable  for  thera- 
peutical purposes  (Farb.  vorm.  F.  Bayer  and 
Co.  Eng.  Pat.  8425  ; D.  R.  P.  87931  ; J.  Soc. 
Chem.  Ind.  1896,  293;  Kiister,  Ber.  1897,  115). 

Benzyl  cinnamate  v.  Benzyl  benzoate. 

Isomeric  acids.  AZZocinnamic  acid,  m.p.  68°, 
dimorphous  i<?ocinnamic  acid,  m.p,  42°/58°,  have 
been  described,  but  a discussion  as  to  their 
constitution  cannot  be  entered  into  here.  (Biil- 
mann  (Ber.  1909,  182  and  1443)  and  Liebermann 
{ibid.  1027).  Cf.  Stobbe  (Ber.  1911,44,  2739),  who 
has  studied  the  transformations  of  alio-  and  iso- 
cinnamic  acids  in  the  fused  and  crystalline  states. 

Substituted  cinnamic  acids.  Of  the  substi- 
tution derivatives  of  cinnamic  acid,  the  only  one 
of  industrial  importance  is  orthonitrocinnamic 
acid,  which  is  prepared  in  the  manufacture  of 
orthonitrophenylpropiolic  acid  {v.  Indigo,  Arti- 
ficial). On  a large  scale  cinnamic  acid  is  first 
converted  by  heating  with  alcohol  and  concen- 
trated sulphuric  acid  into  ethyl  cinnamate. 
The  latter  substance,  which,  being  a liquid,  is 
more  easily  manipulated  in  the  nitration  process 
than  the  solid  cinnamic  acid,  is  run  in  a thin 
stream  into  the  calculated  quantity  of  cold 
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nitrosulphuric  acid.  The  mixture  of  ortho-  and 
para-nitrocinnamic  esters  thus  formed  is  dis- 
solved in  warm  alcohol.  On  cooling,  the  para- 
compound  crystallises  out,  whilst  the  ortho  com- 
pound remains  in  solution.  The  two  ethyl  salts 
are  hydrolysed  by  heating  with  sulphuric  acid. 
The  ortho-  acid  has  also  been  prepared  from 
o-nitro-benzylidene  acetone  by  warming  it  with  a 
3 p.c.  solution  of  sodium  hypochlorite  (Hochster, 
Farb.  D.  R.  P.  21162 ; Frdl.  i.  29).  In  this 
process  the  two  isomerides  are  formed  in 
approximately  equal  quantity. 

Orthonitrocinnamic  acid 

C6H4(N02)CH:CH-C02H 

is  insoluble  in  water,  sparingly  soluble  in  cold, 
more  readily  soluble  in  boiling  alcohol,  from 
which  it  is  deposited  in  crystals  meltipg  at  240°. 

The  para-  compound  melts  at  285°-286°,  and 
is  very  sparingly  soluble  even  in  boiling  alcohol. 
It  cannot  be  used  in  the  preparation  of  artificial 
indigo,  and  the  attempt  made  to  utilise  it  in 
the  rosaniline  manufacture  has  not  proved 
industrially  successful. 

CINNAMON.  The  inner  bark  of  shoots  of 
the  Ginnamomum  zeylanicum  (Nees),  nat.  ord. 
Latiracece,  or  true  laurels.  According  to  Per- 
cival,  it  is  imported  principally  from  Ceylon  ; 
but  in  part  also  from  Madras,  Tellicherry,  and, 
rarely,  from  Java.  The  bark-peelers  select  such 
branches  as  are  3 years  old,  and  not  more  than 
2 or  3 inches  in  diameter  nor  less  than  half 
an  inch.  The  bark  in  drying  rolls  up  into 
quills,  many  layers  being  enclosed  in  one  quill. 
It  is  used  as  a condiment,  and  yields  a highly 
perfumed  essential  oil  {g.v.),  employed  in  the 
preparation  of  chocolate  and  for  purposes  of 
perfumery.  Both  the  bark  itself  in  its  powdered 
state  and  the  oil  derived  from  it  are  frequently 
adulterated  by  cassia  {v.  Cassia). 

The  value  of  cinnamon  depends  upon  its 
content  of  cinnamaldehyde  rather  than  on  the 
essential  oil.  A method  for  the  estimation  of 
cinnamaldehyde  depends  on  the  colouration 
developed  by  treatment  with  sulphuric  acid 
and  ^sobutyl  alcohol  (v.  Fellenberg,  Analyst, 
1916,  274). 

CINNAMON  BROWN  v.  Azo-  COLOURING 
MATTERS. 

CINNAMON  OIL  v.  Oils.  Essential. 
CINNAMON-STONE  or  Hessonite.  A gem- 
variety  of  garnet  of  a warm  reddish-brown 
colour  (hence  the  name)  and  transparent.  It  is 
essentially  an  orthosilicate  of  calcium  and 
aluminium  Ca3Al2Si30i2>  containing,  however, 
isomorphous  replacements  of  iron,  manganese, 
and  magnesium.  Brilliant  crystals  are  found  in 
veins  in  serpentine  at  Ala  in  Piedmont,  but 
material  of  the  best  gem-quality  is  found  as 
pebbles  in  the  gem-gravels  of  Ceylon. 

L J S 

CINNAMYL  COCAINE  v.  Cocaine  and  the 

COCA  ALKALOIDS. 

CITARIN.  Trade  name  for  sodium  anhydro- 
methylene  citrate. 

CITRAL  V.  Tertenes. 

CITRAMALIC  ACID  v.  Malic  acid. 

CITRIC  ACID  CgHgO^.  Occurrence.— 
acid  commonly  occurs  in  the  juice  of  many 
fruits,  and  in  the  sap  of  many  plants. 

^ynlhesi^. — 'Fhe  acid  has  been  prepared 
artificially  by  Grimaux  and  Adam  (Compt.  rend. 


90,  1252).  A saturated  solution  of  dichlorace- 
tonic  acid  was  neutralised  with  sodium  carbon- 
ate, and  heated  with  two  molecules  of  potassium 
cyanide.  The  resulting  solution  of  dicyano- 
acetates  was  saturated  with  hydrochloric  acid 
gas,  and  heated  on  a water-bath  for  15  hours,  the 
citric  acid  was  then  separated  as  calcium  citrate 
by  neutralisation  with  milk  of  lime.  Another 
synthesis  has  been  effecte'd  by  Lawrence  (Chem. 
Soc.  Proc.  1897,  65),  who  obtained  ethyl  citrate 
by  heating  together  ethyl  bromacetate  and 
ethyl  oxalylacetate  in  the  presence  of  zinc. 

Properties. — The  crystallised  acid  of  com- 
merce has  the  formula  CgH807,H20.  The  crystals 
are  large  prisms  belonging  to  the  trimetric 
system.  Their  sp.gr.,  according  to  Buignet,  is 
1‘553.  They  deliquesce  in  damp  air,  and  in 
perfectly  dry  air  slowly  lose  the  whole  of  their 
water.  Different  crystals  (probably  differently 
prepared)  may  lose  water  at  very  different  rates 
(Warington,  Chem.  Soc.  Trans.  28,  928  ; Gros- 
jean,  ibid.,  43,  331).  According  to  Marchand  (J. 
pr.  Chem.  1841,  23,  60),  crystals  obtained  from 
a saturated  boiling  solution  have  the  formula 
2(C6H807),H20.  According  to  a later  investiga- 
tion by  Sarandinaki  (Ber.  5,  110),  the  crystals 
from  a solution  long  boiled  are  anhydrous. 
Citric  acid  is  optically  inactive.  The  ordinary 
crystallised  acid  dissolves  in  about  half  its  weight 
of  boiling  water.  Aqueous  solutions  of  various 
strengths  have,  according  to  Gerlach  (Zeitsch. 
anal.  Chem,  1869,  295),  the  following  sp.gr.  at 
15° 


Acid  p.c. 

Sp.gr. 

Acid  p.c. 

Sp.gr. 

1 

1-0037 

1 

34 

1-1422 

2 

1-0074 

35 

1-1467 

3 

1-0111 

36 

1-1515 

4 

1-0149 

37 

1-1564 

5 

1-0186 

38 

1-1612 

6 

1-0227 

39 

1-1661 

7 

1-0268 

40 

1-1709 

8 

1-0309 

41 

1-1756 

9 

1-0350 

42 

1-1814 

10 

1-0392 

43 

1-1851 

11 

1-0431 

44 

1-1899 

12 

1-0470 

45 

1-1947 

13 

1-0509 

46 

1-1998 

14 

1-0549 

47 

1-2050 

15 

1-0588 

48 

1-2103 

16 

1-0632 

49 

1-2153 

17 

1-0675 

50 

1-2204 

18 

1-0718 

51 

1-2257 

19 

1-0762 

52 

1-2307 

20 

1-0805 

53 

1-2359 

21 

1-0848 

54 

1-2410 

22 

1-0889. 

55 

1-2462 

23 

1-0930 

56 

1-2514 

24 

1-0972 

57 

1-2572 

25 

1-1014 

58 

1-2627 

26 

1-1060 

59 

1-2683 

27 

1-1106 

60 

1-2738 

28 

1-1152 

61 

1-2794 

29 

1-1198 

62 

1-2849 

30 

1-1244 

63 

1-2904 

31 

1-1288 

64 

1-2960 

32 

1-1333 

65 

1-3015 

33 

1-1378 

66 

1-3071 
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A 25  p.c.  solution  boils  at  101 '8°,  a 50  p.c. 
solution  at  105*8°  (Gerlach,  J.  1859,  48). 

At  15°  the  solubility  of  the  crystallised  acid 
in  alcohol  is  as  follows  : — 

100  of  80  p.c.  alcohol  dissolve  87 
,,  90  „ „ „ 52*85 

„ 100  „ „ „ 75*90 

100  parts  of  anhydrous  ether  dissolve  9*1  of  the 
crystallised  acid. 

According  to  Buchner  (Ber.  1892,  1 159),  the 
ordinary  hydrated  acid  melts  between  135°  and 
152°,  and  the  anliydrous  acid  at  153°.  Saltzer 
(Arch.  Pharm.  231,  514)  finds  that  the  finely 
powdered  hydrated  acid,  if  slowly  heated, 
becomes  anhydrous  at  55°,  and  melts  at  160° 
in  this  condition. 

Decompositions. — When  heated  to  175°,  ace- 
tone and  carbonic  oxide  are  evolved,  the  residue 
is  aconitic  acid  CgHgOg  ; the  same  acid  is  formed 
in  small  quantity  when  a solution  of  citric  acid 
is  long  boiled  (Dessaignes).  When  heat  is  con- 
tinued beyond  175°,  an  oily  distillate  appears, 
which  yields  crystals  of  itaconic  acid  C5Hg04. 
By  further  heating,  itaconic  acid  is  transformed 
into  an  uncrystallisable  oil,  citraconic  anhydride 
C5H4O3.  Heated  with  sulphuric  acid,  carbonic 
oxide  and  acetone  are  given  off,  the  intermediate 
stage  in  the  reaction  being  the  production  of 
acetone  dicarboxylic  acid  {v.  Pechmann,  Ber. 
1884,  17,  2542).  This  acetone  dicarboxylic  acid 
is  also  formed  in  the  oxidation  of  citric  acid  by 
potassium  permanganate  and  by  the  photo- 
chemical decomposition  of  citric  acid  in  the 
presence  of  1 p.c.  uranium  oxide. 

Solutions  of  citric  acid  are  rapidly  destroyed 
by  fungi.  According  to  P.  Watts  (J.  Soc. 
Chem.  Ind.  1886,  215),  the  action  of  Saccharo- 
myces  my  coderma  on  lime  juice  is  to  convert  the 
citric  acid  into  carbonic  acid  and  water.  Ac- 
cording to  I.  Macagno  (Gazz.  chim.  ital.  11,  443), 
an  alcoholic  fermentation  in  lemon  juice  does  not 
affect  the  citric  acid,  but  under  the  influence  of 
bacteria  the  citric  acid  disappears,  and  acetic 
and  propionic  acids  are  formed. 

Salts. — Citric  acid  is  tribasic,  and  forms  in 
consequence  three  classes  of  salts.  The  salts 
with  the  alkali  metals  are  readily  soluble  in 
water ; the  neutral  salts  of  the  alkaline  earths 
are  only  sparingly  soluble. 

Calcium  citrate  Ca3(CgH507)2,4H20  does  not 
lose  water  at  100°.  When  precipitated  in  a 
crystalline  state  its  solubility  in  water  is  1 in 
1180  at  14°,  and  1 in  1730  at  90°-100°.  When 
thrown  down  in  an  amorphous  condition,  the 
solubility  is  greater,  1 in  707  at  18°,  and  1 in 
1123  at  100°  (Chem.  Soc.  Trans.  28,  939). 

When  a solution  of  citric  acid  contains  a 
ferrous,  ferric,  or  aluminium  salt,  in  not  too  great 
proportion,  it  may  be  made  strongly  alkaline 
with  potash  or  soda  without  producing  a preci- 
pitate. Such  a solution  may  also  be  boiled  with 
chalk  without  precipitating  iron  or  aluminium, 
although  a large  part  of  the  citric  acid  falls  as 
calcium  citrate.  (With  tartaric  acid  in  the  place 
of  citric,  iron  is  to  a small  extent  precipitated 
by  chalk  in  the  cold,  and  entirely  on  boiling.) 
If,  iiowever,  the  ferric  salt  bears  a large  propor- 
tion to  the  citric  acid,  the  whole  is  precipitated  by 
chalk,  even  in  the  cold  (Chem.  Soc.  Trans.  28, 
990). 

Derivatives. — Methylenecitric  acid  is  obtained 


by  heating  citric  acid  with  four  times  its  weight 
of  polymeric  formaldehyde  at  140°- 160°,  and 
allowing  the  melt  to  crystallise.  It  is  tolerably 
stable  towards  acids,  but  is  decomposed  by  alkahs 
with  elimination  of  formaldehyde.  Its  di-sodium 
salt  is  known  as  ‘ citarin.’  It  is  used  as  a 
disinfectant  for  the  urinary  passages  (Ch.  Fab. 
auf.  Act.  vorm.  E.  Schering,  U.S.  Pat.  699422  ; 
J.  Soc.  Chem.  Ind.  1902,  791). 

Monophenetidenecitric  acid  is  obtained  by 
heating  42  parts  of  citric  acid  with  27*5  parts  of 
p-aminophenetol  for  some  hours  at  100°.  The 
product  is  dissolved  in  caustic  soda,  and  the 
acid  precipitated  with  hydrochloric  acid. 
Diphenetidenecitric  acid  is  obtained  similarly. 
They  are  medicinal  substances,  acting  energeti- 
cally as  precipitants  without  producing  secondary 
symptoms  (Farb.  von  Heyden-Nachfolger,  Eng. 
Pat.  1254  ; J.  Soc.  Chem.  Ind.  1895,  385). 

Detection. — Citric  acid  is  best  recognised 
when  in  a pure  state  by  its  yielding  on  heating 
an  oily  sublimate,  which  afterwards  crystallises 
(itaconic  acid).  A solution  of  citric  acid,  neu- 
tralised with  ammonia,  gives  no  precipitate  in 
the  cold  with  calcium  chloride,  except  after  long 
standing  ; but  on  boiling,  calcium  citrate  is  pre- 
cipitated. Calcium  citrate,  precipitated  in  the 
cold,  is  freely  soluble  in  solution  of  ammonium 
chloride,  and  is  precipitated  therefrom  on 
boiling.  Alkali  citrates  do  not  reduce  silver 
salts  on  boiling,  as  tartrates  do,  or  only  to  a 
trilling  extent. 

Kamrnerer  (Zeitsch.  anal.  Chem.  8,  298) 
recommends  the  detection  of  citric  acid  by  the 
formation  of  a crystalline  barium  salt.  To  the 
free  acid,  or  to  the  alkali  salt,  excess  of  barium 
acetate  is  added,  and  the  whole  heated  on  a 
water-bath  for  several  hours  ; the  barium  citrate 

will  then  be  found  in  microscopic  monoclinic 
prisms. 

Deniges  (Compt.  rend.  130,  32)  adds  to  the 
solution  At  of  Rs  volume  of  a reagent  obtained 
by  dissolving  5 grams  of  mercuric  oxide  in  20 
c.c.  of  cone,  sulphuric  acid,  and  100  c.c.  of 
water.  The  solution  is  heated  to  boiling,  and, 
if  citric  acid  is  present,  a white  precipitate  is 
obtained  on  the  addition  of  a few  drops  of  a 
2 p.c.  solution  of  potassium  permanganate. 

Another  method  is  to  add  potassium  perman- 
ganate to  the  solution  until  it  is  pink.  If  a 
precipitate  is  formed,  or  a brown  colour  pro- 
duced, ammonium  oxalate  is  added  until  it  is 
destroyed.  On  adding  bromine  water  a white 
precipitate  is  obtained,  which,  on  the  addition 
of  alkali,  gives  the  characteristic  smell  of  bromo- 
form  (Stahre,  J.  Soc.  Chem.  Ind.  1896,  53 ; 
Wohlk,  Zeitsch.  anal.  Chem.  1902,  77). 

The  tests  for  adulteration  will  be  given  at 
the  close  of  this  article. 

Estimation. — When  the  quantity  of  citric 
acid  in  a solution  is  determined  by  alkalimetry, 
phenolphthalein  should  be  used  as  the  indicator  ; 
in  coloured  solutions  red-brown  turmeric  paper 
(Thomson,  J.  Soc.  Chem.  Ind.  1887,  195)  has 
been  recommended.  If  neutral  litmus  paper  is 
used,  the  alkali  must  be  standardised  with  citric 
acid.  The  quantitative  determination  of  citric 
acid  by  precipitation  as  calcium  citrate  will  be 
described  under  the  analysis  of  lemon  juice. 

Citric  acid,  in  milk  and  wine.  Citric  acid  is 
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present  in  milk  and  wine,  and  as  it  occurs 
in  small  quantities  in  most  wines,  adulteration 
with  a small  quantity  of  citric  acid  cannot  be 
detected  (Hubert,  Ann.  Chim.  anal,  1908,  139). 
It  may  be  detected  in  milk  by  taking  10  c.c.  of 
milk,  2 c.c.  of  sodium  metaphosphate,  3 c.c.  of 
mercuric  sulphate  solution,  and  filtering.  Half 
of  the  filtrate  is  mixed  with  0’5  c.c.  of  10  p.c. 
solution  of  manganese  sulphate,  and  boiled.  To 
this  4 drops  of  a 2 p.c.  solution  of  potassium 
permanganate  is  added,  and  the  solution  again 
boiled.  This  is  repeated,  and  the  liquid  de- 
colourised by  a drop  of  hydrogen  peroxide,  A 
precipitate  or  an  opalescence  indicates  the 
presence  of  citric  acid.  This  method  may  be 
used  quantitatively  (Deniges,  Chem.  Soc.  Abstr. 
1902,  ii,  365 ; v.  also  Scheibe,  ibid.  1891, 
1276).  It  may  be  detected  in  wine  by  the 
method  of  Spica  (Gazz,  chim,  ital.  31,  [2]  61). 
A portion  of  the  wine  is  evaporated  to  a syrup 
and  extracted  with  alcohol.  This  is  nearly 
neutralised  with  alcoholic  potash,  and  the 
potassium  bitartrate  filtered  off.  The  filtrate 
is  then  neutralised  with  more  potash,  and  the 
precipitate  is  filtered  off,  dried,  and  heated  in  a 
small  tube  with  sulphuric  acid,  until  it  goes 
brown.  It  is  then  diluted,  made  alkaline  with 
caustic  potash,  and  sodium  nitroprusside  added. 
A red  colour  indicates  the  presence  of  citric 
acid.  Favrel  (J.  Soc,  Chem.  Ind.  1908,  637) 
evaporates  100  c.c.  of  wine  to  dryness,  dissolves 
the  residue  in  7 c.c.  of  boiling  water,  and  adds 
35  c.c.  of  90  p.c.  alcohol.  A solution  of  calcium 
acetate  (0*4  gram  in  5 c.c.  of  water)  is  added, 
and  the  precipitate  filtered.  When  dry  it  is 
transferred  to  a test-tube,  3 c.c.  of  sulphuric 
acid  added,  and  the  whole  heated  to  80°-90°  for 
2 minutes.  The  solution  is  cooled  and  extracted 
with  ether.  White  crystals  are  obtained,  giving 
a violet-red  colour  with  ferric  chloride,  the 
colour  being  discharged  by  mineral  acids.  (For 
other  methods  and  quantitative  estimation,  v. 
Williams,  Analyst,  14,  25 ; Devarda,  J.  Soc. 
Chem,  Ind.  1904,  273  ; Klinger  and  Bujard, 
Chem.  Soc.  Abst.  1893,  ii.  54  ; Schindler,  Chem. 
Zentr.  1902,  ii,  1016  ; and  Robin,  Ann.  Chim. 
anal.  1904,  453.) 

Gowing-Scopes  finds  that  a mixture  of  equal 
weights  of  mercuric  nitrate,  manganese  nitrate 
and  nitric  acid  reacts  with  citric  acid,  yielding  a 
precipitate  after  prolonged  boiling  which  is 
exactly  six  times  the  weight  of  citric  acid  present. 
The  method  gives  good  results  in  presence  of 
tartaric,  succinic  and  other  organic  acids,  but 
with  malic  and  lactic  acids  the  results  are  high 
(Analyst,  1913,  12). 

Raw  Material. 

Citric  acid  is  prepared  from  the  fruit  juice  of 
three  species  of  Citrus — the  lemon,  bergamot, 
and  lime  ; the  first  of  these  is  the  principal 
source  of  citric  acid.  Concentrated  lemon  juice 
is  chiefly  imported  from  Sicily  ; a very  little 
comes  from  Naples  or  Sorrento.  Concentrated 
bergamot  juice  is  prepared  in  Calabria,  and  ex- 
ported from  Messina.  Concentrated  lime  juice 
is  imported  from  Montserrat  and  Dominica. 
The  lemon  juice  from  Sicily  is  prepared  by 
pressing  the  inferior  fruit,  from  which  the  rind 
has  previously  been  removed  for  the  manu- 
facture of  essence.  The  so-called  ‘ single  ’ juice 


is  then  boiled  down  till  its  sp.gr.  equals  60°  on 
the  citrometer  (sp.gr.  1’24);  it  then  forms  a 
dark- brown,  rather  syrupy  liquid. 

Lemon  juice  has  its  greatest  acidity  early 
in  the  season  (November).  The  juice  of  the  fine 
fruit,  exported  as  lemons,  has  a sp.gr,  F03- 
F04;  it  contains  free  acid  equal  to  11-13  oz. 
of  citric  acid  per  gallon.  The  inferior  fruit 
pressed  in  Sicily  yields  a juice  containing  at  the 
beginning  of  the  season  about  9 oz.  of  free 
acid  per  gallon,  and  at  the  end  of  the  season  a 
good  deal  less. 

There  are  other  differences  between  the  juice 
of  fine  lemons  pressed  in  England,  and  the 
Sicilian  juice  employed  for  the  manufacture  of 
citric  acid.  The  former  contains  very  little 
combined  organic  acid,  only  about  2 ’5  p.c.  of 
the  total  organic  acid  (free  phis  combined) 
present.  In  unconcentrated  Sicilian  juice  the 
combined  acid  is  about  7-9  p.c.  of  the  total. 
Again,  the  English  pressed  juice  contains  hardly 
any  organic  acid  save  citric,  only  about  1 p.c.  of 
the  total  organic  acid  being  unprecipitable  as 
calcium  citrate.  In  Sicilian  juice  about  8 p.c. 
of  the  total  organic  acid  is  unprecipitable  as 
calcium  salt. 

The  concentrated  lemon  juice  from  Sicily 
is  reckoned  of  standard  quality  when  its  sp.gr. 
is  F24,  and  its  acidity  is  equal  to  64  oz,  per 
gallon  of  nominal  citric  acid.  In  dealing  with 
trade  analyses  it  must,  however,  be  borne  in 
mind  that  the  ‘ crystallised  citric  acid  ’ of  a 
trade  certificate  is  not  the  crystallised  acid  of 
commerce,  but  an  acid  containing  only  half  the 
actual  amount  of  water,  an  acid,  in  fact,  having 
the  atomic  weight  201  instead  of  210  : 

CeH807,H,0 

No  reason  can  be  given  for  this  practice,  which 
should  certainly  be  abolished.  In  the  present 
article  all  quantities  of  citric  acid  will  be  ex- 
pressed in  terms  of  the  common  crystallised 
acid. 

The  concentrated  lemon  juice  from  Sicily 
contains  pretty  uniformly  7-8  oz.  per  gallon 
of  combined  organic  acid,  equal  to  about  10  p.c. 
of  the  total  organic  acid  (reckoned  as  citric)  pre- 
sent. Of  the  total  organic  acid  about  10  p.c.  is 
not  precipitable  as  calcium  salt,  and  is  therefore 
not  citric  acid  ; this  proportion  is,  however,  by 
no  means  constant.  Purchases  of  lemon  juice 
are  unfortunately  still  made  on  the  basis  of 
acidity,  and  not  on  the  amount  of  precipitable 
acid  present.  Analyses  of  895  pipes  of  con- 
centrated lemon  juice  by  Grosjean  have  been 
published  (Chem.  Soc.  Trans.  43,  333).  The 
average  proportion  of  precipitable  acid  was 
99 '2  p.c.  of  the  free  acid,  but  the  range  of  varia- 
tion was  considerable,  individual  parcels  of  juice 
giving  81 T,  85’8,  and  103*6  p.c. 

Concentrated  Bergamot  juice  has  a similar 
sp.gr.  to  lemon  juice,  but  a lower  acidity ; it 
generally  contains  free  acid  equal  to  about  51 
oz.  of  citric  acid  per  gallon.  The  quantity 
of  combined  organic  acid  is  apparently  similar 
to  that  in  lemon  juice,  namely,  7-8  oz.  per 
gallon  ; but  the  proportion  of  combined  to  total 
is  higher,  12-13  p.c.  The  proportion  of  unpre- 
cipitable acid  is  about  13  p.c.  of  the  total. 
Gros jean’s  analyses  of  90  pipes  of  bergamot  juice 
show  a mean  of  98*4  of  precipitable  acid  for  100 
of  acidity,  the  extremes  being  95*4  and  101*4. 
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The  unconcentrated  Lime  juice  of  Mont- 
serrat has  a mean  sp.gr.  of  1’036  ; it  contains, 
according  to  Conroy  (Pharm.  J.  1883,  606),  an 
average  of  7 ‘84  p.c-.,  or  12 '54  oz.  per  gallon  of  free 
acid.  The  extremes  observed  were  6'70-10‘06 
p.c.,  equal  to  10 ’7-16  d oz.  per  gallon.  The 
juice  yields  0‘43  p.c.  of  ash.  It  contains  only  a 
trace  of  sugar.  Warington  found  the  combined 
acid  in  two  samples  5 p.c.  of  the  total ; 10  p.c. 
of  the  total  acid  was  not  precipitable. 

Concentrated  lime  juice  is  a viscid  liquid, 
sp.gr.  1 '32,  and  with  an  acidity  averaging  about 
94  oz.  of  citric  acid  per  gallon.  The  com- 
bined acid  is  about  8-9  oz.  per  gallon.  The 
unprecipitable  acid  is  about  10-14  p.c.  of  the 
total.  The  precipitable  acid  bears  a lower  pro- 
portion to  the  free  than  is  the  case  with  either 
lemon  or  bergamot  juice,  the  published  analyses 
showing  a mean  of  93  "8  of  precipitable  acid  for 
100  of  free. 

The  nature  of  the  organic  acids,  other  than 
citric,  present  in  lemon,  bergamot,  and  lime 
juice  has  not  been  determined.  A little  formic 
acid  and  acetic  acid  have  been  detected  in  con- 
centrated juice,  but  the  principal  acids  other 
than  citric  are  clearly  non-volatile  and  have 
soluble  calcium  salts.  The  acids  most  probably 
present  are  malic  and  aconitic. 

Besides  lemon  juice,  some  crude  Calcium 
citrate,  prepared  in  Sicily  by  precipitating 
lemon  juice  with  chalk,  is  exported  into  England. 
It  contains  about  64  p.c.  of  citric  acid. 

Methods  of  analysing  Juice  and  Citrate. 

1.  Acidity. — The  commercial  analysis  of 
juice  is  confined  to  the  determination  of  acidity. 
It  is  most  important  that  the  alkah  (sodium 
hydroxide)  used  should  be  actually  standardised 
with  citric  acid,  and  the  same  indicator  employed 
in  standardising  as  in  subsequent  analyses. 
Powdered  crystals  of  citric  acid  are  taken,  water 
carefully  determined  in  one  portion,  while 
another  is  used  for  standardising  the  alkali.  In 
determining  water,  the  powdered  acid  should  be 
heated  for  some  hours  at  about  60°  before  ex- 
posing it  to  100°  ; if  this  is  not  done,  the  acid 
will  melt,  and  lose  the  rest  of  its  water  with 
great  difficulty.  Warington  recommended  deli- 
cate htmus  paper  for  determining  the  neutral 
point.  F.  Watts  has  since  employed  films  of 
turmeric  tincture  on  a white  tile  (J.  Soc.  Chem. 
Ind.  1886,  214).  Thomson  recommends  red- 
brown  turmeric  paper. 

2.  Combined  organic  acids. — The  juice  is 
neutralised  with  a known  quantity  of  stan- 
dard alkali,  evaporated  to  dryness  in  a platinum 
basin,  the  residue  gently  ignited,  the  black  ash 
treated  with  a known  quantity  (excess)  of  stan- 
dard sulphuric  acid,  the  whole  boiled  and  filtered. 
The  amount  of  unneutralised  acid  is  then  deter- 
mined with  alkali.  We  have  now  the  neutral- 
ising power  of  the  ash  in  terms  of  alkali ; by 
subtracting  the  alkali  added  when  neutralising 
the  juice,  we  obtain  the  amount  of  alkali  cor- 
responding to  the  bases  of  the  organic  salts, 
which  became  carbonates  on  ignition.  From 
the  amount  of  these  bases  their  equivalent  in 
combined  citric  acid  can  be  calculated. 

3.  Precipitable  citric  acid.- — This  is  for  the 
manufacturer  the  only  trustworthy  method  of 
analysis,  but  is,  in  fact,  seldom  adopted.  War- 


ington proceeds  as  follows  : 15-20  o.c.  of  un- 
concentrated juice,  or  about  3 c.c.  of  concen- 
trated juice,  are  exactly  neutralised  with  sodium 
hydi-oxide,  the  solution  (about  50  c.c.)  is  brought 
to  boiling  in  a salt-bath,  and  a measured  quan- 
tity of  calcium  chloride  solution,  known  to  be 
rather  more  than  sufficient  for  all  the  organic 
acids  present  added.  After  boiling  for  half  an 
hour,  the  precipitate  is  collected  on  a small  filter, 
and  washed  with  hot  water.  The  filtrate  and 
washings  are  then  concentrated  to  10  c.c.  and 
the  solution  finally  neutralised  with  a drop  of  am- 
monia. The  second  precipitate  is  collected  on  a 
very  small  filter,  the  filtrate  being  used  for  getting 
the  precipitate  on  to  the  paper,  which  is  finally 
washed  about  five  times  with  a little  hot  water. 
The  precipitates  in  their  papers  are  then  burnt 
at  a low  heat  in  a platinum  basin,  and  the  neu- 
tralising power  of  the  ash  determined  with  stan- 
dard hydrochloric  acid  and  alkali.  The  amount 
of  citric  acid  which  the  base  is  equivalent  to 
can  then  be  calculated,  three  molecules  of  base 
being  reckoned  as  equivalent  to  one  molecule  of 
citric  acid. 

4.  Analysis  of  calcium  citrate. — The  excess 
of  chalk  present  is  first  determined  by  boiling 
about  4 grams  with  dilute  standard  hydrochloric 
acid  in  a covered  beaker,  and  then  adding  stan- 
dard alkali  till  feebly  alkaline.  Two  grams  of  the 
citrate  are  then  gently  ignited  in  a covered  pla- 
tinum crucible,  and  the  neutralising  power  of  the 
ash  determined  by  solution  in  standard  hydro- 
chloric acid  and  titration  with  alkali.  By  de- 
ducting from  the  neutralising  power  of  the  ash 
that  due  to  the  chalk  previously  determined,  we 
find  the  aihount  of  base  which  has  to  be  calcu- 
lated as  citrate.  This  method  presupposes 
that  citrates  are  the  only  organic  salts  present. 
If  it  is  preferred,  the  citrate  may  be  dissolved 
in  hydrochloric  acid,  the  solution  boiled,  neu- 
trafised  with  soda,  the  calcium  citrate  precipi- 
tated by  boiling  in  the  salt-bath,  and  its  quantity 
determined  as  in  the  case  of  juice. 

The  information  here  given  respecting  juice, 
calcium  citrate,  and  the  methods  of  their  ana- 
lysis, will  be  found  in  greater  detail  in  Chem. 
Soc.  Trans.  28,  925  ; 43,  331  ; v.  also  Ulpiani  and 
Parrozzani  (Chem.  Soc.  Abstr.  1907,  ii.  57) ; 
Shica  (Analyst,  1910,  35,  519) ; Barboni  (ibid. 
1913,  65). 

Process  of  Manufacture. 

The  manufacture  of  citric  acid  from  concen- 
trated lemon  juice  is  extremely  simple.  A proper 
quantity  of  whiting  (levigated  chalk)  is  mixed 
with  water,  and  heated  by  steam  in  a wooden  vat 
provided  with  a revolving  agitator  ; the  concen- 
trated juice  is  then  slowly  pumped  in,  care  being, 
of  course,  taken  that  the  whiting  is  finally  in 
small  excess.  The  liquor  never  becomes  neutral, 
however  long  boiling  may  be  continued,  or  how- 
ever great  is  the  excess  of  whiting  present ; the 
adjustment  of  juice  and  whiting  is  therefore 
effected  by  ascertaining  if  the  hquor  effervesces 
with  more  whiting,  or  the  precipitate  effervesces 
with  more  juice.  The  amount  of  unneutralised 
acid  is  about  1-2|  p.c.  of  the  original  acidity  of 
the  juice.  Pure  citric  acid  is  readily  neutralised 
by  whiting,  malic  and  aconitic  acids  are  not;  the 
final  acidity  is  thus  possibly  due  to  the  presence 
of  these  acids.  Citric  acid,  however,  is  not 
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neutralised  by  chalk  if  phosphates,  and  espe- 
cially ferric  phosphates,  be  present ; this  fact 
will  also  explain  the  result.  It  is  not  advisable 
to  neutralise  completely  by  the  use  of  lime,  as 
vegetable  impurities  are  then  thrown  down  which 
are  afterwards  difficult  to  separate. 

The  precipitated  calcium  citrate  is  washed 
with  hot  water  on  a filter.  It  is  next  brought 
by  the  addition  of  water  to  the  state  of  thin 
cream,  and  decomposed,  with  constant  agitation, 
by  the  addition  of  a small  excess  of  sulphuric 
acid  (sp.gr.  1-7).  The  occurrence  of  an  excess 
of  sulphuric  acid  is  known  by  the  liquor  afford- 
ing a precipitate  with  a strong  solution  of  calcium 
chloride  after  some  minutes’  standing. 

The  citric  acid  liquor  is  then  separated  from 
the  gypsum,  which  is  washed  on  a filter.  The 
liquor  is  evaporated  in  shallow  leaden  baths  by 
steam  heat.  Much  gypsum  is  at  first  deposited  ; 
from  this  the  clear  liquor  is  run  off  and  further 
concentrated.  When  strong  enough  to  crystal- 
lise, the  hot  liquor  is  run  into  a wooden  tub 
provided  with  an  agitator,  and  the  liquor  is  kept 
in  constant  motion  while  cooling  ; by  this  pro- 
cess, known  as  ‘ granulation,’  the  citric  acid  is 
obtained  as  a crystalline  powder.  The  mother 
liquor  is  again  concentrated,  and  ‘ salt  ’ again 
obtained  by  granulation.  The  process  may  be 
repeated  a third  time.  The  liquor  is  then  too 
dark  and  impure  for  further  crystallisation,  and 
is  known  as  ‘ old  liquor.’  The  granulated  citric 
acid  when  drained,  and,  if  necessary,  slightly 
washed,  is  redissolved,  decolourised  by  heating 
with  animal  charcoal  (previously  freed  from 
phosphates  by  hydrochloric  acid),  again  concen- 
trated to  the  crystallising  point,  and  poured  into 
leaden  trays  about  3 inches  deep  ; the  crystals 
here  formed  are  the  citric  acid  of  commerce. 
Citric  acid  thus  prepared  always  contains  a trace 
of  lead,  and  often  particles  of  metallic  lead, 
probably  due  to  the  plumbers  repairing  the 
vessels.  To  free  the  acid  from  lead,  the  process 
usually  adopted  is  to  pass  sulphuretted  hydrogen 
through  the  solution  after  the  first  crystallisa- 
tion, filter,  and  then  recrystallise  the  citric  acid 
in  lead-free  vessels. 

The  ‘ old  liquor  ’ is  diluted  with  water,  and 
the  citric  acid  it  contains  precipitated  with  an 
excess  of  whiting,  exactly  as  in  the  case  of  the 
original  juice.  The  liquor  is  never  neutralised 
by  the  whiting  ; this  may  be  either  due  to 
aconitic  acid  formed  during  the  heating  of  the 
citric  acid  liquors,  or  to  tire  presence  of  ferric 
or  aluminic  phosphate  derived  from  the  whiting. 

Any  considerable  excess  of  sulphuric  acid  in 
the  liquors,  or  any  overheating,  must  be  avoided, 
as  occasioning  decomposition  of  citric  acid. 
The  presence  of  iron  or  aluminium  in  the  whiting 
also  occasions  loss,  as  citric  acid  holding  iron  or 
aluminium  in  solution  is  not  precipitated  by 
calcium  carbonate.  In  consequence  of  the  non- 
precipitation of  iron  or  aluminium  from  citric 
solutions  by  whiting,  the  citric  liquors  of  the 
factory  remain  nearly  pure,  however  long  the 
work  may  have  been  continued,  a result  very 
different  from  what  happens  in  the  case  of  tar- 
taric acid ; the  purity  of  citric-acid  liquors  is 
however  obtained  at  the  expense  of  some  loss 
of  citric  acid.  In  a well-conducted  factory  the 
total  loss  during  manufacture  will  amount  to 
12-15  p.c.  of  the  citric  acid  in  the  juice. 

A method  has  been  patented  (Fancheux  and 


Boissiere,  Eng.  Pat.  11991;  Fr.  Pat.  338735; 
J.  Soc.  Chem.  Ind.  1904,  680)  by  which  the 
crude  calcium  citrate  is  purified  by  passing  hot 
gases  over  it,  so  as  to  roast  it  superficially. 

Citric  acid  is  also  produced  by  the  fermenta- 
tion of  carbohydrates,  glycerol,  and  analogous 
substances  under  the  influence  of  certain  fungi, 
named  citromycetes  (Wehmer,  Eng.  Pat.  5620  ; 
D.  R.  P.  72957  ; J.  Soc.  Chem.  Ind.  1894,  275). 
To  prepare  the  organisms,  a sugar  solution  con- 
taining 2-5  p.c.  of  citric  acid  is  allowed  to  stand 
for  a few  days.  The  growth  formed  on  this 
solution  is  introduced  into  sterilised  sugar, 
where  it  develops.  The  pure  culture  prepared 
in  this  way  is  then  introduced  into  large  vessels 
containing  sugar  solution,  in  which  are  dissolved 
small  quantities  of  ammonium  nitrate,  dipotas- 
sium phosphate,  and  magnesium  sulphate  ; the 
liquid  is  then  allowed  to  remain  at  the  ordinary 
temperature  for  8-14  days.  At  the  expiration 
of  that  time,  the  liquid  contains  a certain  amount 
of  citric  acid,  so  that  it  can  be  directly  employed 
for  lemon  j uice.  The  acid  can  be  isolated,  prefer- 
ably as  calcium  citrate  by  adding  calcium  carbon- 
ate to  the  liquid.  Other  moulds,  such  as  Mucor 
piriformis,  which  grows  on  putrefying  fruit, 
specially  on  pears  and  apples,  may  be  employed 
(D.  R.  P.  91891  ; v.  also  Maze  and  Perrier, 
Compt.  rend.  139,  311). 

Estimation  of  lead  in  citr  ic  acid.  Forty  grams 
of  the  sample  are  dissolved  in  water,  pure 
strong  ammonia  added  in  slight  excess,  the 
liquid  cooled  and  diluted  to  120  c.c.  For  a 
preliminary  experiment  10  c.c.  are  taken, 
diluted  to  50  c.c.  in  a Nessler  tube,  and  one  drop 
of  ammonium  sulphide  added ; the  colour 
determines  what  volume  should  be  taken ; it 
varies  from  5 to  50  c.c.  Having  repeated  this 
with  the  volume  of  liquid  thus  indicated,  the 
tint  has  to  be  matched  with  that  from  the  pure 
solution.  A volume  of  pure  ammonium  citrate 
solution  identical  with  that  taken  of  the  acid 
under  examination  is  mixed  with  a measured 
quantity  of  slightly  acid  lead  nitrate  solution, 
containing  O’l  gram  metallic  lead  per  litre. 
A drop  of  ammonium  sulphide  is  added,  and 
various  solutions  are  made  up  until  the  colour 
obtained  matches  that  from  the  acid  under 
examination.  If  iron  or  copper  is  present  in 
any  quantity,  a drop  of  solution  of  potassium 
cyanide  is  added  before  the  ammonium  sulphide 
which  prevents  them  interfering  with  the 
reaction.  The  standard  of  purity  suggested  is 
that  lead  is  not  to  be  present  to  a greater  extent 
than  5 parts  per  million  (Warington,  J.  Soc. 
Chem.  Ind.  1893,  97  ; v.  also  Tatlock  and 
Thomson,  Analyst,  1908,  173). 

Another  method  is  that  of  Buchet  (J.  Soc. 
Chem.  Ind.  1892,  848).  To  estimate  the 

metallic  lead,  200  grams  of  acid  are  dissolved  in 
three  times  its.  weight  of  water,  and  a slight 
excess  of  ammonia  added.  After  24  hours  the 
liquid  is  decanted,  and  the  residue  collected  on 
a filter,  carefully  washed  and  dissolved  in  nitric 
acid.  The  lead  is  then  precipitated  as  sulphate, 
and  estimated  as  such.  To  determine  the 
combined  lead,  the  ammoniacal  solution  is  first 
acidified  with  hydrochloric  acid,  the  lead 
precipitated  as  sulphide,  converted  into  sulphate, 
and  weighed  as  such. 

Adulteration. — Citric  acid  is  at  times  adul- 
terated with  tartaric  acid.  To  detect  adulteration. 
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Cailletet  (Chem.  Boo.  Trans.  36,  674)  adds 
1 gram  of  the  powdered  acid  to  10  c.c.  of  a cold 
saturated  solution  of  potassium  dichromate.  If 
the  solution  remains  unchanged  in  colour  for 

10  minutes,  tartaric  acid  is  absent.  If  tartaric 
is  present,  the  solution  becomes  brown.  Pusch 
(J.  Soc.  Chem.  Ind.  1885,  552)  places  1 gram  of 
the  acid  in  a test-tube  with  10  grams  of  pure 

011  of  vitriol.  The  test-tube  is  placed  in  a 
water-bath,  and  kept  at  100°  for  1 hour.  If 
citric  acid  only  is  present,  the  colour  is  lemon- 
yellow.  If  tartaric  acid  is  present,  the  colour 
becomes  brown.  Both  these  tests  are  very 
delicate,  and  readily  show  1 or  ^ p.c.  of  adultera- 
tion. Pifierua  (Compt.  rend  124,  291)  puts 
0*05  gram  of  the  substance  in  a porcelain  basin, 
and  adds  10-15  drops  of  a reagent  made  by 
dissolving  0'02  gram  of  )8-naphthol  in  1 c.c.  of 
concentrated  sulphuric  acid.  If  citric  acid 
alone  is  present,  a blue  colour  is  formed,  un- 
changed on  heating,  which  on  dilution  gives  a 
nearly  colourless  or  a slightly  yellow  liquid.  If 
tartaric  acid  is  present,  the  colour  on  heating 
changes  to  green,  and  on  dilution  to  a reddish - 
yellow.  Deniges  adds  a small  quantity  of  the 
acid  to  a solution  of  resorcinol  in  dilute  sulphuric 
acid,  and  heats  to  115°-140°.  If  tartaric  acid 
is  present,  a violet-red  colour  is  formed.  If 
sugar  is  present,  or  other  bodies  blackened  by 
sulphuric  acid,  the  acid  is  precipitated  as  its  lead 
salt,  and  then  tested  (J.  Pharm.  Chim.  1895, 
i.  586).  Crismer  (Chem.  Soc.  Abstr.  1892,  546) 
adds  1 gram  of  the  acid  to  1 c.c.  of  ammonium 
molybdate  solution  (10  p.c.)  and  2 to  3 drops 
of  hydrogen  peroxide  solution  (J  to  ^ p-c.), 
and  heats  at  100°  for  3 minutes.  If  citric  acid 
alone  is  present,  the  yellow  colour  given  by  the 
molybdate  is  unaltered ; whilst  if  tartaric  acid 
is  present,  a beautiful  blue  colour  results.  This 
test  detects  1 mgm.  of  tartaric  acid  in  1 gram 
of  citric  acid.  Spindler  has  modified  Deniges’ 
mercuric  sulphate  method  (g.v.),  and  uses 
potassium  dichromate  instead  of  permanganate. 
If  citric  acid  alone  is  present,  a yellow  precipi- 
tate is  obtained ; the  presence  of  tartaric  acid 
is  indicated  by  a change  of  colour  to  green, 
due  to  reduction.  Tartaric  acid  may  also  be 
detected  by  adding  a little  solution  of  potassium 
acetate  to  a strong  solution  of  the  citric  acid, 
and  stiiTing. 

The  quantity  of  tartaric  acid  in  an  adul- 
terated sample  may  be  determined  by  adding  10 
p.c.  of  potassium  chloride  to  a strong  solution 
of  the  acid,  and  precipitating  the  tartaric  acid 
with  citrate  or  acetate  of  j)otassium,  with  the 
precautions  described  under  estimation  of  tar- 
t&inc  9;Cici 

CITRIC  ACID  FERMENTATION  v.  Feemen- 

TATION. 

CITROCOLL.  Trade  name  for  neutral 
aminophenaeetin  citrate. 

CITRON,  OIL  OF,  v.  Oils,  Essential. 

CITRONELLA  OIL  v.  Oils,  Essential. 

CITRONINES  t;.  Azo-  COLOUEING  MATTEES. 

CIVET.  An  odoriferous  substance  resem- 
bling musk  or  ambergris,  obtained  from  the 
pouches  situated  between  the  anus  and  genital 
organs  of  Viverra  civetta  of  N.  Africa,  F.  Zihetlia 
of  Asia,  and  V.  Malaccensis  of  Java.  Is  of  the 
consistence  of  honey,  and  of  a yellowish  or  brown 
colour.  Contains  stearin,  olein,  mucus,  resin, 
volatile  oil,  and  yellow  colouring  matter  (J. 


Pharm.  1824,  537).  (For  analyses  of  civet,  see 
Gharabol  and  Hebert,  Bull.  Soc.  chim.  1910, 
7,  687.)  Civet  melts  at  about  36°,  and  contains 
from  50  to  70  p.c.  of  fatty  acids,  and  should  have 
a saponification  value  of  about  180°,  and  should 
have  not  more  than  1 p.c.  of  ash. 

It  has  been  inferred  that  the  musk  aroma  of 
civet  is  due  to  a ketone,  7nus1cone,  present  in 
musk,  but  according  to  Sack  (Chem.  Zeit.  1915, 
39,  538),  it  is  caused  by  a specific  ketone, 
Zibetone  Ci^Hg^O,  of'  a pleasant  musk-like  odour, 
which  may  be  obtained  pure  by  decomposition 
of  the  crystallised  semicarbazone.  Its  oxime 
crystallises  in  white  needles,  m.p.  92°.  See 
Musk. 

CIVETONE  or  ZIBETONE  v Musk. 

CLAUSTHALITE  v.  Selenium. 
CLAVICEPSIN  Eegot. 

CLAVIN  V.  Eegot. 

CLAY.  {Argile,  Fr.  ; Thon,  Ger.)  The 
term  ‘ clay  ’ is  ordinarily  used  to  denote  certain 
earths,  the  chief  characteristic  of  which  is  that 
of  plasticity  when  wet,  and  which  have  the 
property  of  baking  to  a hard,  stone-like  mass 
when  heated  to  full  redness.  Clay  is  a hetero- 
geneous mixture  of  certain  hydrated  aluminium 
silicates,  with  particles  of  quartz,  felspar,  mica, 
&c.,  resulting  from  the  decomposition  of  various 
silicious  minerals,  the  chief  source  being  the 
felspars  of  granite  rocks.  These  hydrated 
aluminium  silicates  form  the  essential  basis  of 
all  clays,  and  are  known  as  clay  substaiice  or 
clay  base.  They  are  all  decomposed  by  hot 
concentrated  sulphuric  acid  {infra),  whilst 
the  other  ingredients  mentioned  above  are 
affected  only  slightly  or  not  at  all.  The  method 
of  so-called  ‘ raEonal  analysis  ’ is  based  on  this 
action,  and  it  has  been  found  that  when  so 
treated,  the  great  majority  of  clays  give  a clay 
substance  approximately  of  the  composition 
represented  by  the  formula  Al203’2Si02,2H20. 
This  corresponds  with  the  composition  of  the 
rare  crystalline  mineral  Imolinite,  and,  conse- 
quently, it  has  often  been  assumed  that  all 
clays  contain  kaolinite  as  their  clay  base. 
It  has,  however,  been  shown  that  the  clay 
substance,  in  some  cases,  does  not  correspond 
in  composition  with  the  above  formula,  and  it 
is  now  generally  accepted  that  other  hydrated 
aluminium  silicates  may  be  present  in  clays, 
forming  part,  and  in  some  cases  the  whole,  of 
the  clay  base.  Various  investigators  have 
attempted  to  define  these  substances,  and  to 
show  that  they  correspond  in  composition 
with  certain  silicates,  such  as  allophane 
(Al203'Si02,5H20),  pyrophyllite  (Al203’ISi02, 
HgO),  halloysite  (Al20o‘2Si02,2H20-bAq),  pho- 
lerite  (2Al2()3-3Si02,4H20),  &c. 

It  has  been  suggested  by  J.  W.  Mellor  (Trans. 
Eng.  Ceramic  Soc.  pt.  1,  8)  that  the  term 
kaolinite  should  be  restricted  to  the  compara- 
tively rare  crystalline  mineral,  and  that  the 
amorphous  clay  substance  of  similar  comjjo- 
sition  (Al203-2Si02,2H20)  should  be  called 
‘ clayite.’ 

The  same  investigator  points  out  that  this 
latter  substance  occurs  in  clays  in  non-crystal- 
line or  amorphous  granules,  which,  however, 
sometimes  show  faint  polarisation  phenomena. 
Practically  all  clays  contain  more  or  less  free 
silica,  undecomposed  or  partially  decomposed 
felspar,  and  mica,,  and  they  vary  in  com.position 
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through  a wide  range,  differences  in  composition 
being  brought  about  partly  as  a result  of  diherent 
origins,  and  partly  by  differences  of  deposition, 
&c.  The  commoner  varieties  of  clay  generally 
contain  a considerable  percentage  of  oxide  or 
carbonate  of  iron,  and  small  percentages  of 
calcium,  magnesium,  and  titanium  salts. 

According  to  Washington  (J.  Amer.  Ceram. 
Soc.  1918,  1,  405)  clays  are  composed  of  four 
minerals  corresponding  to  generalised  formulae, 
viz.  JcaoUnite  (Al203,2Si02,2H20),  orthodase 
(K20,Al203,6Si02),  albite  (Na20,Al203,6Si02), 
anorthite  (Ca0,Al203,2Si02),  limonite  (Fe203, 
H2O)  with,  in  some  cases,  muscovite  (K20,2H20, 
SAlgOgjOSiOg).  The  proportions  of  the  several 
minerals  may  be  calculated  from  the  ultimate 
chemical  analysis.  The  lime,  soda,  and  potash 
are  first  calculated  to  the  felspars,  and  the 
alumina  and  sihca  required  for  these  are  deducted 
from  the  total.  The  iron  oxide  is  calculated  as 
hmonite.  Any  surplus  alumina  is  calculated 
as  kaolinite,  and  any  surplus  sihca  is  regarded 
as  quartz  {see  below). 

Clays  may  be  divided  broadly  into  two 
classes  : residual  clays  and  sedimentary  clays. 
Residual  clays  are  the  insoluble  residue  left 
from  the  breaking  down  and  decomposition  of 
rock  masses  containing  certain  aluminium 
silicates  (chiefly  felspathic  minerals),  and  they 
are  found  overlying  or  adjacent  to  the  rock  mass 
from  which  they  are  formed.  These  residual 
clays  usually  present  a gradual  change  in  mineral 
character  from  the  finer  or  purer  portion  nearer 
the  surface  to  the  mixture  of  clay  and  undecom- 
posed rock  which  lies  in  contact  with  the  rock 
mass.  The  decomposition  of  the  mineral  sili- 
cates may  be  brought  about  by  carbonic 
acid  in  the  surface  waters  ; but  many  of  them 
are  acted  on  by  water  alone,  and  although  this 
action  proceeds  very  slowly,  it  may  account  for 
the  gradual  decomposition  of  the  felspathic 
rocks  and  the  formation  of  clay.  The  alkahs 
of  the  felspars  combine  with  the  free  silica 
formed  in  the  decomposition,  and  with  tJie 
carbon  dioxide  contained  in  the  percolating 
water,  forming  soluble  salts  which  are  more  or 
less  completely  washed  away.  In  some  cases 
the  decomposition  of  the  mineral  silicates  may 
have  been  brought  about  by  the  action  of  gases, 
and  it  has  been  shown  by  J.  H.  Collins  (Min. 
Mag.  1887,  7)  that  when  felspar  is  exposed 
to  the  action  of  hydrofluoric  acid,  hydrated 
aluminium  silicate  is  formed,  mixed  with 
soluble  potassium  fluoride,  whilst  silica  is 
deposited  on  the  sides  of  the  tube  in  which  the 
reaction  takes  place.  Residual  clays,  as  a rule, 
contain  a smaller  percentage  of  oxide  of  iron 
and  organic  matter  than  sedimentary  clays,  and 
are  consequently  lighter  in  colour  both  before 
and  after  baldng. 

Sedimentary  clays  are  formed  by  the  trans- 
portation and  redeposition  in  water  of  residual 
clays,  and  clays  so  formed  may  be  again  trans- 
ported and  redeposited  in  the  same  way,  so 
that  they  may  have  no  direct  relationship  to 
the  rock  formation  on  which  they  lie.  Sedi- 
mentary clays  belong  to  all  geological  ages,  from 
the  present  to  the  Cambrian,  and  are  of  varying 
degrees  of  hardness,  from  the  soft  drift  which 
may  be  dug  with  a spade  to  the  hard  clay  shales 
of  the  older  formations,  which  require  to  be 
blasted.  These  clays  are  always  roughly 


stratified  in  structure,  and  show  considerable 
variations  in  general  character  and  composition 
throughout  their  mass,  owing  to  the  varying 
conditions  under  which  they  were  deposited. 
The  harder  varieties  of  clay  are  readily  converted 
into  the  plastic  form  by  grinding  with  water,  or 
by  weathering,  and  they  are  now  largely  used  for 
the  making  of  bricks,  &c.,  where  formerly  only 
the  softer  surface  clays  were  used.  When 
breathed  upon  or  moistened,  clays  usually 
emit  a peculiar  odour  known  as  argillaceous. 
This  characteristic  is  more  marked  in  the  sedi- 
mentary than  in  the  residual  clays,  and  may 
possibly  be  connected  with  the  contained  organic 
matter. 

Plasticity  is  an  essential  property  of  aU 
clays  in  the  moist  condition,  but  this  quality 
varies  greatly  in  different  clays.  The  presence 
of  organic  matter,  finer  grinding  of  the  particles 
of  the  clay,  ‘ ageing  ’ in  the  moist  condition  and 
‘ weathering,’  all  tend  to  increase  the  plasticity, 
but  no  entirely  satisfactory  explanation  of  the 
cause  of  plasticity  has  yet  been  put  forward. 
Clay  loses  practically  the  whole  of  its  hygro- 
scopic water  when  dried  at  100°,  and  it  con- 
tracts and  loses  its  plasticity  at  the  same  time, 
becoming  hard  and  brittle.  On  being  soaked  or 
ground  in  water,  however,  it  becomes  soft  and 
plastic  again.  The  chemically  combined  water 
is  not  driven  off  until  the  clay  is  heated  to 
redness,  the  temperature  of  the  dehydration,  in 
the  case  of  ordinary  clay,  being  probably  between 
480°  and  600°.  Clay  that  has  been  heated  to 
this  temperature  will  not  again  become  plastic 
on  being  ground  with  water,  so  that  it  is  evident 
that  the  plasticity  of  a clay  is  dependent  upon 
some  physical  or  chemical  condition,  which  is 
destroyed  on  heating  to  about  500°.  When 
clays  are  heated  to  a higher  temperature 
(generally  about  900°),  they  contract  more  or 
less  and  become  hard,  compact,  and  stone-like, 
and  at  higher  temperatures  still  they  become 
vitreous  and  ultimately  fuse.  The  purest 
varieties  of  china  clay  (which  approximate  to 
the  composition  of  kaolinite)  fuse  at  a tempera- 
ture of  about  1830°,  and  other  clays  fuse  at 
lower  temperatures,  according  to  the  nature  and 
percentage  of  the  various  impurities  contained. 
The  chemical  impurities  which  chiefly  affect  the 
fusibility  of  a clay  are  the  salts  of  magnesium, 
calcium,  iron,  sodium,  and  potassium.  Richter 
first  pointed  out  that  chemically  equivalent 
amounts  of  the  oxides  of  these  substances  exert 
equal  influences  on  the  fusibility  of  a clay.  The 
presence  of  free  silica  (quartz  sand)  tends  to 
raise  the  fusion  point  of  clays  containing  a con- 
siderable percentage  of  these  bases,  but  it  has 
an  opposite  effect  on  the  purer  china  clays.  In 
the  manufacture  of  pottery  ware  of  all  kinds, 
the  firing  temperature  depends  upon  the  chemical 
composition  of  the  clay  (which  determines  the 
fusibihty)  and  upon  the  result  required.  For 
example,  in  the  manufacture  of  porcelain,  where 
the  resultant  ware  must  be  non-absorbent  or 
vitreous,  the  firing  temperature  ranges  from 
about  1250°  to  1550°,  according  to  the  chemical 
composition  of  the  clay  mixture  or  body  used, 
whereas  in  the  manufacture  of  ordinary  white 
earthenware,  where  a porous  or  non- vitreous 
ware  is  desirable,  the  firing  temperature  ranges 
from  about  1150°  to  1250°. 

The  colour  of  fired  clay,  i.e.  clay  that  has 
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been  heated  to  a temperature  of  over  900°, 
depends  upon  the  impurities  present,  and  upon 
the  character  of  the  firing  gases.  The  purer 
kinds  of  residual  clays  fire  to  a whitish  mass, 
but  all  other  clays  become  more  or  less  strongly 
coloured,  the  tint  being  determined  generally 
by  the  percentage  of  iron  oxide  present.  Iron 
may  be  present  in  clays  in  various  combinations, 
such  as  ferric  oxide  (Fe203),  hydrated  ferric 
oxide  (2Fe203,H20),  ferrous  carbonate  (FeC03), 
and  more  rarely  magnetic  oxide  (Fe304),  but  in 
firing  in  the  ordinary  way  all  these  salts  are 
converted  into  ferric  oxide.  Some  clays  contain 
a considerable  amount  of  iron  pyrites  dissemi- 
nated through  the  mass  in  small  grains,  and  these 
clays  are  often  troublesome  in  use,  as  the  sulphide 
is  not  so  readily  converted  into  oxide  in  the 
ordinary  firing  process.  Moreover,  the  sulphide 
on  weathering  with  the  clay  gives  rise  to  soluble 
sulphates  which  are  detrimental.  In  the  yellow 
and  brown  surface  clays  and  red-firing  shales, 
the  iron  is  present  in  the  form  of  ferrous  carbon- 
ate, which,  together  with  the  organic  matter 
present,  produces  the  natural  grey  colour  of 
these  shales.  In  ordinary  clays,  and  with  an 
oxidising  atmosphere,  1-2  p.c.  of  iron  oxide 
produces  a buff  colour,  2-4  p.c.  a salmon  colour, 
and  above  4 p.c.  a red  colour,  which  becomes 
darker  as  the  percentage  of  iron  increases.  The 
presence  of  other  impurities,  however,  modifies 
the  colour  produced  by  iron  oxide  considerably, 
and  this  is  especially  the  case  when  a large 
percentage  of  lime  or  magnesia  is  present. 

Some  clays  (commonly  called  marls)  contain 
from  15  to  30  p.c.  of  lime,  and  although  they 
may  also  contain  as  much  as  6-8  p.c.  of  iron 
oxide,  they  fire  to  a light-yellow  or  buff  colour. 
Such  clays  are  largely  used  for  making  the  well- 
known  yellow  facing  bricks,  which  were  at 
first  made  chiefly  from  the  marls  of  the  Thames 
basin,  the  Paris  basin,  &c.,  and  are  now  made 
from  artificially  prepared  mixtures  of  clay  or 
chalk  and  limestone.  The  presence  of  certain 
soluble  salts  (chiefly  sulphates  of  calcium  or 
magnesium)  in  clays  often  produces  serious 
discolouration  on  firing,  owing  to  the  deposition 
of  these  salts  on  the  surface  during  the  drying 
and  firing  of  the  ware.  To  prevent  this  action, 
it  is  usual  to  mix  with  the  clay  barium  carbonate, 
to  combine  with  the  whole  of  the  sulphuric  acid 
present,  and  so  cpnvert  the  soluble  salts  into 
insoluble  ones.  When  clays  are  fired  in  a 
reducing  atmosphere,  the  red  ferric  oxide  is 
converted  into  blue  ferrous  oxide,  and  the  re- 
sultant ware  is  consequently  bluish  in  colour. 
Blue  bricks  are  made  from  certain  clays,  con- 
taining generally  from  6 to  10  p.c.  of  iron  oxide 
by  firing  in  this  way. 

The  presence  of  clay  in  soils  exerts  an 
important  action  on  the  growth  of  plants. 
Ammonia  is  retained  by  clay  in  such  a manner 
that  it  cannot  be  removed  except  by  an  excessive 
amount  of  washing  ; in  fact,  clay  will  remove 
ammonia  and  many  organic  substances  from 
manure,  and  still  retain  them  in  a form  readily 
available  for  plants. 

Kaolinite  AI2O3 -28102,21120.  A compara- 
tively rare  crystalline  mineral  which  occurs  in 
Anglesey,  in  Colorado,  and  a few  other  localities 
in  the  form  of  minute  hexagonal  plates,  having 
a perfect  basal  cleavage,  and  belonging  to  the 
monoclinic  system.  Kaolinite  was  formerly 
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supposed  to  form  the  base  of  all  clays,  but  this 
view  is  no  longer  held,  and  the  term  should  be 
restricted  to  the  crystalline  mineral  described 
above. 

Kao-lin,  China  clay.  The  Chinese  term 
■ kao-lin  ’ (literally  meaning  ‘ high  ridge  ’)  was 
applied  to  the  white  earth  from  which  porcelain 
was  made,  and  it  corresponds  to  the  English 
china  clay,  so  called  because  it  is  used  for  the 
making  of  ‘ china,’  or  porcelain.  These  terms 
are  now  applied  to  all  the  purer  residual  clays 
which  contain  a high  percentage  of  hydrated 
aluminium  silicate  (Al203*2SiOo,2H20),  and 
which  consequently  give  on  analysis  33-40  p.c. 
alumina  (AI2O3),  45-60  p.c.  silica  (SiOJ,  11-14 
p.c.  water,  with  very  small  percentages  of 
iron  oxide,  soda,  potash,  lime,  magnesia,  &c. 
Clays  of  this  class  are  worked  in  Cornwall  and 
Devon,  at  St.  Yrieix  near  Limoges,  Zettlitz  in 
Bohemia,  in  the  United  States,  in  South  Africa, 
&c.  As  mined,  the  clay  generally  contains  a 
large  percentage  of  quartz -sand  and  mica,  and 
it  is  refined  by  washing.  In  Cornwall  the  china 
clay  is  usually  the  result  of  the  weathering  of 
pegmatite,  and  the  felspar  of  the  parent  rock 
is  often  decomposed  to  a depth  of  60  to  100  feet. 
In  this  condition  it  is  known  as  china  clay  rock, 
and  the  workman  breaks  down  the  crumbling 
surface  with  a pick  and  then  directs  a stream 
of  water  over  this  to  wash  down  the  material, 
which  is  passed  into  tanks  where  the  suspended 
matter  settles  out,  the  quartz,  clay,  and  mica 
being  deposited  according  to  the  sizes  of  the 
particles,  and  so  separated  from  each  other. 
The  china  clay  is  allowed  to  dry  to  a stiff  paste 
in  the  tanks,  and  is  then  removed  to  the  drying 
kilns,  where  it  dries  until  it  can  be  cut  into 
blocks  ready  for  shipment.  It  is  a soft,  friable, 
sectile,  white  substance,  showing  irregularly 
shaped  granules  under  the  microscope,  and 
possessing  only  a moderate  plasticity  when 
mixed  with  water.  Cf.  Coon,  Trans.  Eng. 
Ceramic  Soc.  1910-1911,  10,  81.  China  clay 
is  used  in  the  manufacture  of  porcelain  and 
white  earthenware,  in  paper  making,  and  the 
filling  of  calico,  and  also  in  the  manufacture  of 
alum,  aluminium  sulphate,  and  ultramarine. 
The  fine  mica  separated  from  the  china  clay  in 
the  washing  is  used  for  weighting  coarse  papers, 
paper  boards,  &c. 

Ball  clay,  Potter's  clay.  The  name  given 
to  certain  sedimentary  clays  which  fire  to 
whitish  or  light -buff  colour,  and  which  possess 
high  plasticity  and  tensile  strength  when  in  a 
moist  condition.  They  are  worked  in  Devon- 
shire and  Dorset,  and  in  some  parts  of  the 
United  States,  &c.,  and  are  chiefly  used  in 
the  manufacture  of  white  earthenware.  They 
are  generally  finer  in  grain  than  china  clay, 
contain  more  organic  matter  and  other  im- 
purities, and  are  consequently  more  plastic 
in  a moist  state,  and  fire  to  a vitreous  mass 
at  a lower  temperature.  They  usually  also 
contain  a higher  percentage  of  silica  than  china 
clays. 

Pipe  clay.  A rather  loose  term,  which  is 
applied  to  white  clays  which  contain  a relatively 
high  percentage  of  silica,  and  which  have  been 
used  without  admixture  for  several  hundred 
years  for  the  making  of  tobacco  pipes  and  also 
for  common  pottery.  These  clays  are  of  various 
geological  origins,  and  in  some  localities  the 
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highly  silicious  clay  found  in  pockets  in  lime- 
stone formations,  and  resulting  from  the  decom- 
position of  argillaceous  limestones  and  chert  rock, 
is  used  in  this  way.  Ball  clay  is  also  used  for 
the  same  purposes,  and  is  sometimes  consequently 
spoken  of  as  pipe  clay. 

Plastic  clay.  This  term  has  been  specially 
applied  to  those  beds  of  the  Lower  Tertiary  or 
Eocene  strata,  which  occur  between  the  London 
clay  and  the  chalk,  and  which  may  be  recognised 
at  Woolwich,  Beading,  Blackheath,  Bognor,  and 
in  the  neighbourhood  of  Paris,  &c.  This  clay 
is  mottled  red  or  purple,  and  fires  to  a red 
colour.  Some  of  our  earliest  pottery  was 
manufactured  from  this  clay,  and  it  is  still 
worked  in  Hampshire,  in  the  Isle  of  Wight, 
and  elsewhere. 

Slate  clay  occurs  in  Devon,  Cornwall,  &c., 
differing  considerably  in  different  districts.  It 
is  massive,  interspersed  with  mica,  and  of  a 
greenish  or  greyish  colour.  It  is  sometimes  hard 
and  slatey,  being  readily  cleavable  into  slabs, 
whilst  in  another  form,  the  killas  of  the  Cornish 
mines,  it  has  an  earthy  fracture,  is  soft  and 
frangible,  and  weathers  to  a more  or  less  plastic 
clay.  It  is  chiefly  used  for  the  manufacture 
of  common  bricks  and  tiles,  and,  when  fairly 
free  from  lime,  magnesia,  and  iron,  for  fire- 
bricks. 

Common  clay  is  the  term  often  applied  to 
the  ordinary  surface  and  drift  clays  which  have 
been  used  for  centuries  for  making  common 
pottery  and  bricks. 

Fireclays.  As  the  name  implies,  these  clays 
are  of  a very  refractory  nature,  and  although, 
strictly  speaking,  practically  all  the  pure 
residual  clays  come  under  this  head,  the  term 
‘ fireclay  ’ has  been  restricted  in  use  to  certain 
coal- measure  shales  which  have  a high  fusion 
point,  and  which  are  used  mainly  for  the 
manufacture  of  firebricks,  gas  retorts,  glass  pots, 
furnace  linings,  &c. 

These  fireclays  usually  underlie  the  coal 
seams,  and  are  often  worked  in  conjunction  with 
the  coal.  Certain  districts  are  particularly 
noted  for  the  quality  of  their  fireclays,  and  in 
England  the  Stourbridge  coal-measure  shales 
have  long  been  considered  of  the  highest  quality, 
and  fireclay- mines  are  extensively  worked  in 
the  Stourbridge  district.  Good  fireclays  are 
also  found  and  worked  in  the  Lancashire  and 
Yorkshire,  Derbyshire,  and  Glasgow  coal-fields. 
The  fireclay  shales  are  mostly  greenish-grey  in 
colour,  compact,  dense,  and  of  varying  degrees 
of  hardness.  On  exposure  to  the  weather  they 
usually  crumble  down,  and  in  time  become  con- 
verted into  plastic  clay.  The  weathering  process 
may  be  greatly  accelerated  by  grinding  the  shale, 
but  this  is  only  done  when  the  clay  is  to  be  used 
for  the  more  expensive  fireclay  goods.  Only 
those  coal-measure  shales  which  contain  small 
percentages  of  oxide  of  iron,  lime,  and  magnesia, 
are  sufficiently  refractory  to  be  used  as  fireclays, 
and  although  no  definite  fusion-point  has  been 
fixed,  it  seems  advisable  that  no  clay  having  a 
fusion-point  lower  than  1500°  should  be  classed 
as  a fireclay.  In  the  manufacture  of  fireclay 
goods,  the  partially  weathered  or  ground  fire- 
clay is  usually  mixed  with  a certain  proportion 
of  ‘ ganister,’  coarse  sand,  burnt  clay,  or  other 
refractory  material  which  produces  in  the  fired 
ware  a certain  open  texture,  which  enables  it 


better  to  withstand  rapid  changes  of  tempera- 
ture. Certain  silicious  fireclays  and  other  coal- 
measure  clays  are  used  in  the  manufacture  of 
salt-glazed  drain  pipes,  and  also  for  making 
common  culinary  ware,  buff-coloured  tiles, 
terracotta,  glazed  bricks,  &c. 

Chemical  analysis  of  clay.  From  1-2  grams 
of  finely  powdered  clay,  dried  at  120°,  are 
weighed  into  a platinum  crucible,  and  mixed 
with  about  six  times  its  weight  of  a fusion 
mixture  consisting  of  potassium  and  sodium 
carbonates  in  equimolecular  proportions.  The 
mixing  is  best  performed  by  first  stirring  together 
the  clay  with  about  the  same  bulk  of  fusion 
mixture  by  means  of  a dry  glass  rod,  and  then 
adding  more  and  more  fusion  mixture  with 
repeated  stirring,  until  the  whole  is  thoroughly 
mixed.  The  glass  rod  should  then  be  rubbed 
in  a little  fusion  mixture,  which  is  added  to  the 
mass  in  the  crucible.  The  covered  crucible  is 
gradually  heated  over  a Bunsen  burner  (a  Teclu 
burner  may  be  advantageously  used)  until  the 
whole  mass  is  in  a state  of  tranquil  fusion.  The 
crucible  is  allowed  to  cool,  and  afterwards  the 
bottom  is  raised  just  to  dull  redness,  twice 
successively,  in  order  to  facilitate  the  removal 
of  the  mass  from  the  crucible.  After  cooling,  a 
few  drops  of  distilled  water  are  added,  and  the 
crucible  very  gently  warmed  until  the  mass 
detaches  itself.  The  contents  of  the  crucible 
are  then  washed  into  a large  platinum  dish  (a 
porcelain  dish  may  be  used  without  seriously 
impairing  the  accuracy  of  the  estimation), 
covered  with  water,  and  then  warmed  until  the 
fused  mass  is  completely  softened.  Hydro- 
chloric acid  is  then  added,  a few  drops  at  a time, 
until  all  effervescence  ceases.  The  contents  of 
the  dish  are  evaporated  on  a water-bath,  with 
constant  stirring  at  the  later  stages,  to  ensure  a 
fine  powdery  residue  from  which  the  last  traces 
of  hydrochloric  acid  are  readily  driven  off. 
When  cold,  the  contents  of  the  dish  are  moistened 
with  moderately  strong  hydrochloric  acid,  and 
allowed  to  stand  for  one  hour ; water  is  then 
added,  and  the  dish  again  heated  on  the  water- 
bath.  The  clear  liquid  is  poured  through  a 
filter,  and  the  residue  in  the  basin,  which  consists 
of  silicic  acid,  is  washed  repeatedly  by  hot 
water  until  it  remains  white  when  moistened 
with  hydrochloric  acid.  The  residue  is  then 
transferred  to  the  filter,  and  washed  with  hot 
water  until  the  filtrate  no  longer  gives  a precipi- 
tate with  silver  nitrate  solution.  The  filter  and 
contents  are  then  placed  in  a platinum  crucible 
and  dried,  and  afterwards  gradually  heated,  and 
finally  ignited  strongly  until  the  paper  is  com- 
pletely incinerated,  and  the  weight  constant. 
In  order  to  ensure  the  complete  separation  of 
the  silicic  acid,  it  is  necessary  to  evaporate  the 
filtrate  down  to  dryness,  and  treat  exactly  as 
before,  and  this  process  may  be  repeated  again 
if  very  great  accuracy  is  required.  After  filter- 
ing, the  filter  paper  and  residue  are  dried  and 
added  to  the  original  silicic  acid  residue  before 
ignition.  The  contents  of  the  crucible  are  then 
weighed  as  silicon  dioxide  (SiOg).  If  the  clay 
contains  titanic  acid  (as  many  clays  do),  this  will 
accompany  the  silica.  In  order  to  determine 
the  former,  the  contents  of  the  crucible  are 
covered  with  strong  hydrofluoric  acid,  a few 
drops  of  sulphuric  acid  added,  and  the  crucible 
warmed  on  the  water-bath  until  all  the  silicon 
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fluoride  and  the  sulphuric  acid  have  been  driven 
off  . The  residue  is  then  weighed  as  titanic  oxide 
(Ti02),  which  should  be  identified  by  the  violet- 
coloured  bead  with  microcosmic  salt. 

The  filtrate  is  made  up  to  definite  volume, 
and  divided  into  two  parts,  one  for  the  determina- 
tion of  the  iron,  and  the  other  for  the  determina- 
tion of  the  alumina,  calcium,  and  magnesium. 
The  iron  is  estimated  as  ferric  oxide,  and 
determined  either  by  reduction  with  zinc  and 
titration  with  potassium  permanganate  solution, 
or  by  the  iodimetric  method. 

The  other  portion  of  the  filtrate  is  heated  on 
the  water- bath,  and  ammonia  added  drop  by 
drop,  with  repeated  stirrings,  until  there  is  a 
slight  excess  of  ammonia  present.  The  liquid  is 
then  boiled  for  a moment  and  filtered.  The 
precipitate  is  washed  twice  with  hot  water ; 
washed  back  into  a dish,  and  dissolved  in  hydro- 
chloric acid ; reprecipitated  and  filtered  as 
before,  and  finally  washed  with  hot  water  until 
the  filtrate  gives  no  precipitate  with  silver 
nitrate  solution.  The  washing  should  be 
repeated  immediately  the  previous  washing  has 
disappeared  from  the  filter,  and  a jet  of  hot 
water  should  be  directed  into  the  precipitate  so 
as  to  break  it  up  as  much  as  possible.  The  filter 
paper  and  contents  are  then  dried,  the  residue 
removed  into  a platinum  crucible,  the  paper 
separately  incinerated,  and  then  placed  in  the 
crucible,  and  the  whole  strongly  ignited  until  the 
weight  is  constant  The  contents  are  then 
weighed  as  alumina  (AI2O3)  and  ferric  oxide 
(Fe203),  the  amount  of  ferric  oxide  separately 
determined  as  above  being  deducted  from  the 
total,  leaving  alumina  only  {v.  art.  Aluminium). 
The  filtrate  from  the  alumina  and  ferric  oxide 
is  concentrated,  and  ammonium  oxalate  solution 
added  while  hot.  The  precipitate  is  filtered 
off,  thoroughly  washed  with  hot  water,  dried, 
strongly  heated,  and  weighed  as  CaO.  The 
filtrate  from  the  above  is  then  concentrated, 
and  the  magnesium  precipitated  by  sodium 
phosphate  and  ammonia.  The  precipitate  is 
filtered  off,  dried,  and  ignited  until  the  weight 
is  constant.  The  ignited  residue  consists  of 
and  the  weight  must  be  multiplied  by 
0-3624  to  give  the  amount  of  magnesia  (MgO) 
contained. 

Determination  of  the  alkalis.  The  method 
introduced  by  Lawrence  Smith  (Amer.  J.  Sci. 
[2]  50,  269)  is  the  most  trustworthy,  and  is 
based  on  the  decomposition  of  silicates  by  fusion 
with  calcium  carbonate.  In  practice,  the  dried 
and  finely  powdered  clay  is  mixed  with  its  own 
weight  of  ammonium  chloride,  and  four  times 
its  weight  of  calcium  carbonate.  These  latter 
materials  must  be  as  free  as  possible  from 
alkali.  The  ammonium  chloride  used  is  pre- 
pared by  subliming  the  commercial  salt ; and 
the  calcium  carbonate  is  prepared  by  dissolving 
the  purest  calcite  obtainable  in  hydrochloric 
acid,  and  precipitating  with  ammonia  and 
ammonium  carbonate.  The  precipitation  is 
carried  out  in  a large  porcelain  dish,  and,  after 
settling,  the  clear  liquid  is  poured  off,  and  the 
precipitate  ^ washed  by  decantation  until  free 
from  chlorides.  A special  platinum  crucible  is 
used  for  the  fusion,  about  8 cm.  long,  and  2 
cm.  diameter  at  the  top,  tapering  to  cm. 
at  the  bottom.  About  0-5  gram  clay  is  weighed 
out,  and  mixed  by  rubbing  in  an  agate  mortar 
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with  the  same  weight  of  ammonium  chloride, 
and  afterwards  3 grams  of  calcium  carbonate 
are  added,  and  the  whole  thoroughly  mixed. 
The  mixture  is  then  transferred  to  the  crucible, 
and  the  mortar  is  cleaned  out  with  about  1 gram 
of  calcium  carbonate,  which  is  added  to  the  mix- 
ture in  the  crucible.  The  covered  crucible  is 
supported  in  an  inclined  position,  and  very 
gradually  heated  over  a small  Bunsen  flame  for 
about  15  minutes,  until  no  more  ammonia  is 
given  off,  and  then  the  temperature  is  raised 
until  the  lower  three-fourths  of  the  crucible  is 
a dull-red,  and  this  temperature  is  maintained 
for  1 hour.  The  crucible  is  cooled  and  the 
contents  removed  (by  tapping  the  inverted 
crucible)  into  a porcelain  or  platinum  dish.  If 
the  sintered  mass  sticks  to  the  crucible,  a little 
water  should  be  added,  and  the  crucible  gently 
warmed  until  the  mass  detaches  itself,  and  the 
whole  can  be  washed  into  the  dish.  About  60 
c.c.  of  distilled  water  are  added,  and  the  covered 
dish  heated  on  a water-bath  for  30  minutes,  the 
water  lost  by  evaporation  being  replaced,  and 
the  larger  particles  reduced  by  rubbing  with 
an  agate  pestle.  The  clear  liquid  is  decanted 
through  a filter,  and  the  residue  washed  by 
decantation  four  times,  and  then  transferred  to 
the  filter  and  washed  until  the  filtrate  gives 
no  precipitate  with  silver  nitrate.  The  filtrate 
contains  the  alkalis  as  chlorides. 

The  calcium  is  precipitated  by  the  addition 
of  ammonia  and  ammonium  carbonate  to  the 
filtrate,  which  is  heated  and  filtered.  The  residue, 
which  contains  some  alkali,  is  dissolved  in  hy- 
drochloric acid,  again  precipitated  by  ammonia 
and  ammonium  carbonate,  and  filtered.  The 
combined  filtrates  are  then  evaporated  to  dry- 
ness in  a platinum  dish,  and  the  ammonium  salts 
removed  by  careful  heating  over  a moving  flame. 
The  residue  is  dissolved  in  water,  and  any  traces 
of  calcium  left  are  precipitated  by  the  addition 
of  ammonia  and  ammonium  oxalate.  After 
standing  12  hours,  the  liquid  is  filtered  off, 
evaporated  to  dryness  in  a weighed  platinum 
dish,  and  gently  heated.  The  alkali  chlorides 
remaining  in  the  dish  are  weighed,  and  the 
potassium  determined  by  dissolving  the  chlorides 
in  water  and  precipitating  the  potassium  as 
potassium  platino- chloride.  The  sodium  is 
determined  by  difference. 

Rational  analysis  of  clay.  To  determine  the 
relative  amounts  of  clay  substance,  quartz, 
and  undecomposed  felspar,  dry  the  clay  to 
constant  weight,  and  weigh  about  5 grams  of 
the  dried  and  finely  powdered  clay  into  a porce- 
lain dish  ; add  50  c.c.  of  concentrated  sulphuric 
acid  and  100  c.c.  of  water,  and  then  heat  the 
mixture  for  3 hours  on  a water- bath,  and 
afterwards  on  a sand-bath,  until  the  acid 
commences  to  fume.  After  cooling  add  water, 
and  decant  the  clear  liquid  into  a 2-litre  beaker. 
To  the  residue  in  the  dish  add  10  c.c.  of  Lunge’s 
solution  (100  grams  crystallised  sodium  car- 
bonate, and  10  grams  sodium  hydroxide,  dis- 
solved in  1 litre  of  water),  boil  for  5 minutes, 
dilute  with  water,  and  decant  into  the  beaker. 
Treat  the  residue  in  the  dish  similarly  with 
concentrated  hydrochloric  acid,  and  repeat  the 
treatment  with  Lunge’s  solution  and  hydrochloric 
acid,  diluting  with  water  after  each  treatment, 
and  decanting  the  clear  liquid  into  the  beaker. 
Then  washf  the  residue  on  to  a filter  with 
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dilute  hydrochloric  acid.  Stir  up  the  con- 
tents in  the  beaker,  and  allow  to  stand  for  an 
hour.  Decant  off  the  clear  liquid,  taking  care 
to  retain  the  residue  in  the  beaker.  Wash  the 
residue  into  the  dish,  and  repeat  the  treatment 
with  Lunge’s  solution  and  acid  as  above,,  and 
pass  through  the  filter.  Wash  with  dilute 
hydrochloric  acid,  dry  and  ignite  the  filter  paper 
and  contents  in  a weighed  platinum  crucible. 
This  residue  is  reckoned  as  felspar  and  quartz, 
and  the  loss  suffered  by  the  clay  in  this  treatment 
as  clay  substance. 

To  determine  the  quartz  and  felspar,  add 
about  5 c.c.  of  water,  4 drops  of  sulphuric 
acid,  and  15  c.c.  of  hydrofluoric  acid  to  the 
residue  in  the  crucible,  and  heat  the  whole 
carefully  on  a sand-bath  until  nearly  dry.  Add 
more  hydrofluoric  acid,  and  again  heat  as  before. 
After  cooling,  dissolve  the  mass  in  water,  wash 
into  a dish,  and  add  ammonium  chloride  and 
ammonium  hydrate  to  precipitate  the  hy- 
droxides of  aluminium  and  iron.  Filter,  wash 
with  hot  water,  heat  and  weigh.  This  weight  is 
multiplied  by  5 '451  to  obtain  its  equivalent  in 
potash  felspar,  and  the  difference  between  this 
and  the  weight  of  the  original  residue  is  taken 
as  quartz. 

Many  ceramic  chemists  calculate  the  ra- 
tional constitution  of  the  clay  from  the 
ultimate  analysis,  taking  the  potash  as  derived 
entirely  from  undecomposed  felspar  (reckoned 
as  KaO'AlgOa’bSiOa),  the  alumina  and  iron  as 
derived  from  felspar,  and  the  clay  substance 
(reckoned  as  AI2O3 ’28102, 2H2O)  and  the  silica  as 
derived  from  the  clay  substance  and  quartz. 

J.  B. 

CLAYITE.  A name  suggested  by  J.  W.  Mellor 
in  1909  for  the  non- crystalline  variety  of  kaolinite 
H4Al2Si209,  of  which  china-clay  and  most  other 
clays  are  largely  composed.  The  same  name 
had  been  earlier  used  by  W.  J.  Taylor,  in  1859, 
for  an  uncertain  alteration  product  (of  tetra- 
hedrite  ?)  composed  of  sulphur,  arsenic,  anti- 
mony, lead,  and  copper.  L.  J.  8. 

CLAY  IRONSTONE  v.  Ieon,  Ores  oe. 

CLAY  SLATE  v.  8late. 

CLAYTON  CLOTH  RED  v.  Azo-  colouring 
matters. 

CLAYTON  YELLOW  v.  Peimuline  and  its 

DERIVATIVES. 

CLEVEITE.  A variety  of  uraninite,  consist- 
ing of  a uranate  of  uranyl,  and  oxides  of  lead 
and  the  rare  earths.  Usually  obtained  from 
Norway  and  8weden.  Hillebrand  (Bull.  U.8. 
Geol.  Survey,  78,  43,  83)  found  the  percentage 
of  rare  earths  to  be  about  13,  and  that  on 
heating  with  sulphuric  acid,  over  2 p.c.  of  nitro- 
gen was  evolved.  Ramsay  (Chem.  Soc.  Trans. 
1895,  1107)  proved  that  the  gas  evolved  was 
not  nitrogen,  but  helium  {q.v.).  Only  half  the 
helium  is  evolved  by  heat  alone,  and,  moreover, 
in  some  cases  the  disengagement  of  the  gas  is 
accompanied  by  considerable  evolution  of  heat 
(Proc.  Roy.  Soc.  1898,  64,  140).  F.  Broggerite 
and  Pitchblende. 

CLEVE’S  ACIDS.  l-Naphthylamine-6  and  7- 
Sulphonic  Acids,  v.  Naphthalene. 

CLICHY  WHITE.  A white  lead  manu- 
factured at  Clichy,  in  France  {v.  White  lead, 
art.  Lead.) 

CLOTHBROWN,  -ORANGE,  -RED, 
-SCARLET,  V.  Azo-  COLOURING  MATTERS.  | 


CLOVE  OIL  V.  Oils,  Essential. 

CLOVER.  The  name  by  which  several 
leguminous  forage  plants  are  known.  The  chief 
species  are  : white  clover  {Tri folium  reopens, 
Linn.) ; red  clover  {T.  pratense,  L.)  ; alsike 
clover  {T.  hybridum,,  L.) ; crimson  clover  {T. 
incarnatum,  L.)  ; yellow  suckling  clover  {T. 
duhium,  Sibth. ) ; mammoth  red,  or  zigzag  clover 
{T.  medium,  L.) ; hop  clover,  or  hop  trefoil  {T. 
procumbens,  L.).  All  the  above  belong  to  the 
true  clovers,  to  the  genus  Trifolium.  Also 
included  as  clover  are  : yellow  clover,  or  trefoil 
{Medicago  lupulina,  L.)  ; Bokhara  clover,  or 
melilot  {Melilotus  alba,  Desn.)  ; Japanese  clover 
{Lespedeza  striata.  Hook,  et  Arn.) ; and  Soola 
clover,  or  sulla  {Hedysarum  coronarium,  L.). 
The  following  table  gives  the  average  composi- 
tion of  various  clovers  at  the  time  of  flowering 
(Kellner)  : — 


Sol.  carbo- 

■Water  Protein  Fat  hydrates  Fibre  Ash 

T.  repens 

81-5 

4.4 

0-8 

6-9 

4-3 

2-1 

T.  pratense 

79-0 

3-4 

0-7 

9-4 

5-9 

1-6 

T.  hybridum  . 

81-8 

2-8  ■ 

0*7 

7*0 

6-2 

1-5 

T.  incarnatum. 

81-5 

2-8 

0-7 

7-0 

6*1 

1-9 

T.  procumbens 

80-0 

3-5 

0-8 

8-4 

5-7 

1-6 

Melilotus  alba  . 

79-7 

41 

0-8 

7.4 

5-7 

2-3 

The  following  are 

analyses  of  hay  from  various 

clovers  : — 

Sol.  carbo- 

Water  Protein  Fat  hydrates  Fibre  Ash 

T.  repens 

9-7 

15-7 

2-9 

39-3 

24-1 

8-3 

T.  pratense 

16-5 

13-5 

2-9 

37-1 

24-0 

6-0 

T.  hybridum  . 

16-0 

13-6 

3-1 

34-5 

25*7 

7-1 

T.  incarnatum. 

16*7 

12-0 

2*4 

35-5 

26-2 

7-2 

T.  procumbens 

16 -O 

15  4 

3-4 

33-2 

24-5 

7-5 

Melilotus  alba. 

lb -7 

16-7 

2-8 

27-9 

30-3 

8 0 

Lespedeza  striata 

9-1 

13-7 

4-0 

47-5 

21-6 

4-1 

White  or  Dutch 

clover  is 

a low. 

creeping 

perennial  plant,  valuable  for  grazing.  Its 
growth  in  pastures  is  encouraged  by  phosphatic 
and  potash  manuring,  but  discouraged  by 
nitrogenous  manures.  In  America,  it  is  said 
that  its  blossoms  salivate  horses,  and  that 
consequently  much  clover  in  pastures  is  an 
objection  where  horses  graze.  White  clover 
furnishes  most  excellent  pasturage  for  bees, 
the  honey  which  it  yields  being  colourless  and 
of  high  quality. 

Red  clover  or  broad  clover  is  usually  grown 
as  a biennial,  but  will  sometimes  stand  longer. 
It  is  often  grown  as  a hay  crop’,  or  for  cutting  for 
green  forage.  It  is  the  variety  most  susceptible 
to  ‘ clover  sickness,’  and  on  many  soils  can 
only  be  grown  safely  once  in  10  or  12  years. 

A variety  of  red  clover,  T.  pratense  var. 
perenne,  known  as  ‘ cow  grass,’  is  not  so  prone 
to  clover  sickness,  and  lasts  longer.  It  is,  how- 
ever, of  slower  growth,  and  usually  yields  but 
one  crop  per  year  of  hay. 

Alsike  clover  has  whitish  and  pinkish 
flowers,  and  is  a perennial ; it  is  hardly  suscep- 
tible to  clover  sickness. 

Crimson  clover,  or  ‘ trifolium,’  is  also  a 
somewhat  slow-growing  crop,  and  is  an  annual. 

Yellow  suckling  clover  is  a smaller  plant  than 
the  other  clovers,  and  is  usually  only  grown  in 
mixtures  with  rye-grass,  &c.  It  is  an  annual. 

Zigzag  clover,  known  in  America  as  mammoth 
red  clover,  ripens  later  than  red  clover,  and  is 
taller  and  ranker. 
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Bokhara  clover,  or  large  white  clover,  is  a 
biennial,  with  small  white  flowers.  This  plant 
is  remarkable  for  its  strong  odour,  more  pro- 
nounced when  dried,  of  coumarin  ; animals  do 
not  eat  it  readily  until  they  become  accustomed 
to  it. 

Soola  clover  is  a perennial  resembling  red 
clover,  but  is  richer  in  soluble  carbohydrates 
{v.  Scurti,  Chem.  Zentr.  1910,  i.  1632). 

As  the  table  of  analyses  shows,  clovers  are 
remarkable  for  the  large  amounts  of  nitrogenous 
matter  and  of  ash  which  they  contain.  Of  the 
former,  however,  a considerable  proportion  is 
of  a non-protein  nature,  particularly  in  the 
immature  plants.  In  the  case  of  red  clover,  for 
example,  it  has  been  found  that  about  40  p.c. 
of  the  total  nitrogenous  matter  is  present  as 
amides  in  very  young  plants,  and  that  the 
proportion  diminishes  with  growth,  until,  when 
the  plants  are  in  full  bloom,  it  is  about  20  p.c., 
when  fully  ripe  it  sinks  to  about  12  p.c. 

The  ash  of  clovers  is  remarkable  for  its 
richness  in  lime  and  its  poverty  in  silica  (in 
which  grasses  and  cereal  straws  are  so  rich). 

The  following  are  Wolff’s  analyses  of  various 
clover  ashes  : — 

K2O  NaaO  MgO  CaO  PgO.  SO3  SiOo  Cl 

Red  clover  34-5  1-6  12-2  34-0  9 9 3-0  2-7  37 

White  „ 19-4  T'S  lO’O  33^2  14-1  S’S  4-5  37 

Alsike  „ 33-8  Vo  15-3  31-9  lO'l  4-0  1-2  2-8 

The  very  high  ratio  of  lime  to  phosphorus 
pentoxide  in  the  ash  is  noticeable. 

Clover  hay  has  proved  very  successful  as  a 
constituent  of  the  rations  of  fattening  oxen  and 
sheep. 

Out  of  about  200  feeding  experiments  with 
nearly  1000  cattle,  conducted  in  Britain  between 
1833  and  1908,  17  included  clover  hay  in  the 
daily  ration.  The  average  daily  increase  in 
live  weight  per  head  of  the  whole  was  1-803  lbs., 
while  the  consumption  of  total  digestible  matter 
per  1 lb.  live  weight  gained  averaged  9 lbs.  In 
the  17  cases  where  clover  hay  formed  a portion 
of  the  food,  the  figures  are  2-1  lbs.,  and  7-47  lbs. 
respectively  (Ingle,  Journ.  High,  and  Agri.  Soc. 
of  Scotland,  1909). 

With  sheep,  the  results  are  equally  signifi- 
cant. 2390  sheep  fed  in  various  ways,  between 
1844  and  1909,  gave  an  average  weekly  increase 
per  head  of  2-06  lbs.,  and  consumed  an  average 
of  7-43  lbs.  total  digestible  matter  per  1 lb. 
increase  in  live  weight ; while  384  sheep  receiving 
clover  hay  as  part  of  their  ration,  gave  an  average 
weekly  increase  of  2-58  lbs.  per  head,  and  con- 
sumed only  6-20  lbs.  of  total  digestible  matter 
per  1 lb.  increase  in  live  weight  {ibid.  1910). 

H I 

CLOVER  FLOWERS.  It  has  long  been 
known  that  clover  flowers  dye  a yellow  colour 
on  aluminium  mordanted  fabrics,  and  in  the 
past  they  have  been  employed  to  a minor  extent 
for  dyeing  purposes.  Three  varieties  have  been 
chemically  examined,  viz.  those  derived  from 
the  Trifolium  pratense,  the  T.  incarnaium,  and 
the  T.  repens. 

Trifolium  pratense. — The  flowers  known  as 
the  ‘ common  red  clover,’  according  to  Power 
and  Salway  (Chem.  Soc.  Trans.  1910,  97,  231), 
contain  in  addition  to  isorhamnetin  (quercetin 
monomethyl  ether)  and  a glucoside  of  quercetin, 
melting-point  235°,  numerous  other  phenolic 
substances,  which,  judging  by  their  chemical 


properties,  appear  to  be  closely  allied  to  the 
colouring  matters  of  the  flavone  group.  These 
are  described  below. 

Pratol Ci5H802(0H)-0CH3,  colourless  needles, 
melting-point  253°,  readily  soluble  in  hot  aqueous 
sodium  carbonate  and  sodium  hydroxide  with  a 
pale  yellow  colouration,  yields  the  acetyl  com- 
pound, Cj5H802(0C2H30)-0CH3,  and  is  pro- 
bably a hydroxymeihoxy^avone. 

A yellow  compound,  CjgHjQO^,  thin  yellow 
plates,  melting-point  about  280°,  is  soluble  in 
alkalis  with  a yellow  colour,  and  its  solution  in 
sulphuric  acid  exhibits  a brilliant  green  fluores- 
cence. It  contains  a methoxy  group  and  gives 
an  acetyl  compound,  Ci6He07(C9H30)4,  melting- 
point  145°- 147°. 

Pratensol,  Ci7H902(0H)3,  is  very  readily 
soluble  in  alcohol,  dissolves  in  alkali  carbonates 
yielding  yellow  solutions,  and  its  alcoholic 
solution  gives  with  ferric  chloride  a greenish- 
black  colouration.  Triacetylpratensol  C17H9O5 
(C9H30)3,  colourless  slender  needles,  melts  at 
189°. 

A phenolic  substance,  Ci5H703(0H)3,  colour- 
less needles,  melting-point  225°,  is  soluble  in 
alkali  hydroxides,  and  gives  with  alcoholic  ferric 
chloride  a dark  green  colouration.  The  acetyl 
derivative,  silky  needles,  has  melting-point  209°. 

The  glucoside  trifolin  C22H220ii,H20,  pale 
yellow  needles,  melts  and  decomposes  at  about 
260°.  It  is  soluble  in  alkalis  with  an  intense 
yellow  colouration,  and  dissolves  in  sulphuric 
acid,  forming  a yellow  solution,  which  rapidly 
develops  a brilliant  green  fluorescence.  When 
hydrolysed  it  yields  rhamnose  and  trifolitin 
CjgHioOg,  melting-point  about  275°,  readily 
soluble  in  alcohol, 

C22H220ll  = Ci6Hj90e-l-CgHj205 

Alkalis  dissolve  trifolitin  with  an  intense  yellow 
colour,  alcoholic  ferric  chloride  gives  a dark 
green  colouration,  and  alcoholic  lead  acetate  an 
orange-yellow  lead  salt.  It  contains  no  methoxy 
group,  and  is  unaltered  when  heated  for  several 
hours  with  30  p.c.  aqueous  potassium  hydroxide. 
It  does  not  appear  to  belong  to  the  flavone  group, 
and  differs  from  the  flavone  compounds  by  the 
fact  that  it  does  not  give  an  oxonium  salt  with 
sulphuric  acid,  and  only  with  difficulty  a potas- 
sium compound  by  means  of  alcoholic  potassium 
acetate.  It  may  possibly  consist  of  a tetra- 
hydroxyphenylnaphthoquinone.  The  acetyl  com- 
pound when  rapidly  heated  melted  at  116°,  re- 
solidified at  a higher  temperature,  and  finally 
melted  at  182°.^ 

The  glucoside  isotrifolin  C22H22O11,  isomeric 
with  trifolin,  consists  of  pale  yellow  needles, 
melting-point  about  250°,  and  when  hydrolysed 
yields  similarly  to  the  latter  trifolitin,  CigHioOg, 
melting-point  275°.  Though  in  general  beha- 
viour it  is  very  similar  to  trifolin,  it  is  much  more 
soluble  in  alcohol,  and  does  not  appear  to  be 
identical  with  this  glucoside. 

In  addition  to  these  compounds  the  flowers 
contain  salicylic  acid,  coumaric  acid,  7nyricyl 
alcohol  CgiHgjOH,  heptacosane  C2  7H5g,  hentria- 
contane  C3iHg4,  sitosterol  C27H4gO,  trifolianol 
C2iH340  2(0H)2,  palmitic,  stearic,  linolic,  oleic, 
linolenic,  and  isolinolenic  acids. 

1 Both  in  its  melting-point  and  that  of  its  acetyl 
derivative  there  is  a marked  resemblance  between 
trifolitin  and  kaempferol. 
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Trifolium  incarnatum. — A considerable  differ- 
ence is  exhibited  between  the  constituents  of 
the  ‘ carnation  or  crimson  clover  flowers  ’ and 
those  of  the  T.  pratemeoT  ‘ common  red  clover,’ 

According  to  Rogerson  (Chem.  Soc.  Trans. 
1910,  97,  1006)  these  flowers  contain  pratol 
Ci5H802(0H)(0CH3),  free  quercetin,  and  a glu- 
cosicle  of  quercetin  CgiHgoOigjSHgO,  to  which 
the  name  incarnatrin  is  applied.  This  latter 
crystallises  in  yellow  prismatic  needles,  melting- 
point  242°-245°,  dissolves  in  sulphuric  acid  with 
formation  of  a green  fluorescent  solution,  and 
when  hydrolysed  yields  quercetin  and  glucose 
according  to  the  equation 

C2lH2oOl2  + H20  = Ci5HiQ07  + CeHi209 

Incarnatrin  is  not  identical  with  the  querci- 
meritrin  of  Perkin  (Chem.  Soc.  Trans.  1909,  95, 
2181). 

In  addition  to  these  substances  the  flowers 
yield  fur  fur  aldehyde,  benzoic  and  salicylic  acids, 
a trace  of  p-coumaric  acid,  incarnatyl  alcohol 
Cg^HggOH,  hentriacontane  CgiHg^,  a phytosterol 
C2  7H4gO,  and  palmitic,  stearic,  oleic,  linolenic, 
and  isolinoleyiic  acids. 

Trifolium  repens.- — The  flowers  of  the  white 
clover,  T.  repens,  according  to  Perkin  and  Phipps 
(Chem.  Soc.  Trans.  1904,  85,  58),  owe  their 
tinctorial  property  to  quercetin  which  is  present 
as  glucoside.  A.  G.  P. 

CLOVES.  The  cultivation  of  cloves  forms 
the  moLb  important  industry  of  Zanzibar  and 
of  the  island  of  Pemba.  In  1913-14  the  total 
crop  was  25,431,735  lbs.  of  which  20,692,771  lbs. 
came  from  Pemba,  where  about  two-thirds  of  the 
total  area,  or  about  35,000  to  40,000  acres,  are 
under  clove  cultivation.  The  crop  is,  however, 
very  uncertain,  the  amount  in  some  years  not 
being  above  one-sixth  of  the  above  yield.  Large 
trees  may  furnish  from  60  to  70  lbs.  of  dry  cloves, 
although  the  average  yield  is  only  about  3|^  to 
4 lbs.*  per  tree  per  annum.  The  cloves  are 
picked  by  hand  and  dried  in  the  sun. ' The 
value  of  cloves  depends  upon  the  amount  of 
essential  oil  present,  the  quantity  of  which  may 
vary  from  about  6 to  20  p.c.  Of  this  oil  about 
84  to  90  p.c.  consists  of  eugenol.  (F.  Clove  Oil 
in  art.  Oils,  Essential.) 

COAL  Fuel. 

COAL  GAS  V.  Gas,  Coal. 

COBALT,  Sym.  Co.  At.  wt.  58*97. 

Cobalt  usually  occurs  combined  with  arsenic 
or  sulphur,  and  almost  invariably  associated 
with  nickel  and  other  metals.  Free  cobalt 
occurs  only  in  meteorites. 

The  most  plentiful  and  important  ore  of 
cobalt  is  smaltine  or  tin  white  cobalt,  consisting 
of  arsenide  of  cobalt,  nickel,  and  iron.  It  occurs 
abundantly  at  Schneeberg  and  many  other 
localities  where  bismuth  is  found  {v.  Bismuth), 
in  Bohemia,  at  Balmoral  near  Pretoria,  near 
Sudbury  in  Ontario,  very  pure  at  Tunaberg  in 
Sweden,  and  free  from  nickel  in  Colorado.  As 
triarsenide,  it  forms  skutterudite  CoAsg.  Sulphar- 
senide  of  cobalt  occurs  as  cobalt  glance,  grey 
cobalt,  or  cobaltine,  abundantly  at  Vena  (Sweden) 
and  in  Norway  ; in  smaller  quantities  in  Silesia 
and  Cornwall.  As  hydrated  arsenate  it  forms 
cobalt  bloom  or  erythrite  CogAs20g,Aq.,  found 
frequently  as  a peach-coloured  incrustation 
on  other  arsenical  ores,  being  produced  by 
their  decomposition.  As  sulphide,  cobalt  occurs 


in  small  quantities  in  cobalt  pyrites  and  in 
linnaeite. 

Black  earthy  cobalt  is  a hydrated  oxide  of 
cobalt  and  manganese.  It  is  essentially  a variety 
of  wad  (hydrated  manganese  oxide),  containing 
sometimes  as  much  as  40  p.c.  of  cobalt.  Surface 
deposits  containing  oxides  and  sulphides  of 
cobalt  and  of  nickel  occur  at  New  Caledonia,  with 
veins  of  chrome  ore  and  nickel  and  magnesium 
silicates  ; it  is  smelted  on  the  spot  and  exported 
as  a regulus  to  England.  Cobalt  occurs  in 
small  quantities  in  many  other  minerals  ; in 
pyrites  and  in  certain  iron  ores  ; as  oxide  in  black 
oxide  of  manganese ; as  arsenide  in  mispickel, 
sometimes  to  the  extent  of  10  p.c.  ; in  selenideof 
lead,  and  in  cerite,  and  in  some  peats  and  coals. 

At  the  present  time  the  most  important 
source  of  cobalt,  whence  almost  the  whole  of 
the  cobalt  of  commerce  is  obtained,  is  the  district 
surrounding  Cobalt  city,  near  the  shores  of 
Lake  Temiskaming  in  North  Ontario.  Here 
very  rich  silver  ores  are  found,  containing 
frequently  2000  oz.  silver  per  ton,  and  sometimes 
as  much  as  60  p.c.  These  ores  also  contain  a 
high  percentage  of  cobalt  and  nickel,  chiefly  as 
arsenides,  and,  after  extraction  of  the  silver,  are 
sent  to  nickel  and  cobalt  refiners. 

Extraction. — The  methods  adopted  by  manu- 
facturers for  the  extraction  of  cobalt  from  the 
ores  vary  with  the  nature  of  the  ores.  The  ores 
are  first  concentrated  by  fusing  with  a suitable 
flux,  whereby  silicious  matter  and  a portion  of 
the  iron  are  removed.  In  the  case  of  the  Ontario 
ores,  the  speiss  consists  chiefly  of  arsenides  of 
cobalt,  nickel,  iron,  and  copper.  The  speiss  is 
then  calcined,  the  iron  is  oxidised  to  ferric 
oxide,  part  of  the  arsenic  is  removed,  a little  less 
being  left  than  is  required  to  combine  with  the 
iron.  The  mass  is  then  dissolved  in  hydro- 
chloric acid,  and  bleaching  powder  and  lime  are 
added,  whereby  the  iron  is  precipitated  as 
arsenate  and  hydroxide.  The  liquid  is  then 
treated  with  sulphuretted  hydrogen  to  precipi- 
tate copper  and  other  heavy  metals,  excess  of 
the  gas  evaporated  off,  and  the  cobalt  precipi- 
tated as  oxide  by  the  addition  of  bleaching 
powder.  The  nickel  in  the  solution  is  subse- 
quently precipitated  by  potash  or  lime. 

In  the  case  of  New  Caledonian  ores,  consisting 
chiefly  of  sulphides,  the  treatment  of  the  con- 
centrated ore  is  somewhat  different.  The  matt, 
consisting  chiefly  of  sulphides,  is  carefully 
calcined  at  a moderate  temperature,  and 
converted  into  sulphates.  These  are  dissolved 
in  water,  and  the  iron  precipitated  by  careful 
addition  of  the  requisite  quantity  of  sodium 
carbonate.  The  copper  and  heavy  metals  are 
separated  by  sulphuretted  hydrogen,  and  after 
boiling  off  the  excess,  the  cobalt  is  precipitated 
by  sodium  hypochlorite  (bleaching  powder 
cannot  be  used,  owing  to  the  sulphates  in  the 
solution),  and  the  nickel  in  the  remaining  liquid 
precipitated  by  sodium  carbonate. 

In  Herrenschmidt’s  process  for  the  treatment 
of  New  Caledonian  ores,  these  are  treated  with 
a solution  of  ferrous  sulphate,  when  cobalt, 
nickel,  and  manganese  pass  into  solution,  and 
iron  remains  in  the  residue.  Copper  is  first 
separated,  and  then  the  cobalt,  nickel,  and 
manganese  precipitated  by  sodium  sulphide. 

I The  manganese  is  extracted  by  ferric  chloride, 
' the  nickel  and  cobalt  sulphides  roasted  to 
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sulphates,  and  converted  into  chlorides  by 
calcium  chloride.  A part  of  the  solution  is 
treated  with  lime  water,  and  the  suspended 
precipitate  oxidised  by  chlorine  and  added  to 
the  other  portion,  whereby  the  cobalt  is  pre- 
cipitated and  nickel  chloride  remains  in  solution. 

Until  of  late  years  the  only  market  for  cobalt 
compounds  was  in  the  ceramic  industry,  in  which 
it  was  employed  for  whitening  the  body  of  china 
and  in  the  production  of  blue  colour.  It  is 
employed  in  the  enamelling  trade,  the  manu- 
facture of  blue- coloured  signs,  the  colouring  of 
glass  and  in  the  manufacture  of  pigments  and 
as  driers  for  paints. 

Metallic  cobalt  is  not  at  present  used  to  any 
extent  in  the  arts,  though  its  utility  is  becoming 
more  fully  recognised,  especially  in  electro- 
plating and  in  high-speed  steels  and  in  ‘ stellite,’ 
an  alloy  of  cobalt,  chromium  and  tungsten. 
Commercially  it  is  always  prepared  by  heating 
the  oxide  with  charcoal ; it  then  contains  small 
quantities  of  carbon.  Pure  cobalt  is  prepared 
by  heating  cobalt  oxalate  Co(C02)2>  when  the 
carbon  and  oxygen  pass  off  as  carbonic  an- 
hydride, leaving  the  pure  metal  as  a powder. 
A button  of  the  fused  metal  may  be  obtained 
by  fusion  of  the  oxalate  alone,  or  of  the  oxide 
mixed  with  charcoal  under  a layer  of  powdered 
glass  containing  no  lead  or  other  reducible 
metal ; the  fusion  is  preferably  performed  in  a 
lime  crucible  at  the  highest  temperature  of  a 
furnace.  Pure  cobalt  may  also  be  prepared 
by  electro-deposition  with  platinum  electrodes 
(Winkler,  Zeitsch.  anorg.  Chem.  8,  1).  Cobalt 
is  also  produced  as  a grey  metallic  powder  by 
igniting  the  oxide  at  a red  heat  in  a current  of 
hydrogen.  If  too  low  a temperature  has  been 
used,  the  metal  produced  is  'pyropftoric,  igniting 
and  becoming  reoxidised  in  contact  with  the  air. 

Carbon  monoxide  rapidly  reduces  cobalt 
oxide  at  all  temperatures  above  600°,  the 
reduction  being  complete  at  900°.  With  char- 
coal complete  reduction  takes  place  at  900°,  the 
final  product  containing  about  2 p.c.  of  carbon. 
Reduction  with  aluminium  by  the  thermit 
process  gives  a metal  containing  about  Off  p.c. 
of  aluminium  or  even  less  (Kalmus,  J.  Ind.  Eng. 
Chem.  1914,  6,  107). 

Properties. — Cobalt  is  a brilliant  silver- white 
metal,  with  a slight  bluish  cast.  It  is  the 
most  magnetic  metal  after  iron,  and  retains  its 
magnetism  at  high  temperatures;  above  1115° 
it  passes  into  a non-magnetic  variety. 

Pure  cobalt  is  harder  and  more  tenacious 
than  iron,  its  breaking  weight  being  about 
50  kilos,  per  sq.  millimetre.  Valenciennes 
states  that  cobalt,  after  fusion  and  anneal- 
ing, may  be  rolled  into  spiral  bands  like  good 
iron  (Compt.  rend.  70,  607).  Cobalt  melts  at 
1530°  (Copaux),  1490°  (Henning),  1478°  (Kalmus 
& Harper),  and  bods  at  2415°/30  mm.  Its 
sp.gr.  is  8 ‘8,  and  hardness,  5 '5.  Its  specific 
heat  (20°-100°)  is  0'104;  specific  resistance, 
5*5  ; and  the  temperature  coefficient  of  resist- 
ance, 0’0055.  According  to  Kalmus  & Harper 
(J.  Ind.  Eng.  Chem.  1915,  7,  6),  pure  cobalt 
prepared  by  reduction  of  cobalt  oxide  has 

8*7918  (unannealed),  ® 8 *8 105 (annealed), 

^ 8*9253  (swaged);  m.p.  1478±1*1°; 

tensile  strength,  cast  and  unannealed,  34,400  lb. 


per  sq.  in.  ; annealed  36,980  lb.  per  sq.  in. ; 
and  rolled,  more  than  100,000  lb.  per  sq.  in.  ; 
compressive  strength,  cast  and  unannealed, 
122,000  lb.  per  sq.  in.,  annealed,  117,200  lb. 
per  sq.  in.  ; electrical  resistance  89*64  ohms 
per  cm.®  ; specific  heat,  from  0°  to  890°  0*1058 
+0*0000457^-f-0*000000066^®.  The  hardness  of 
cast  cobalt  is  considerably  greater  than  that  of 
either  iron  or  nickel,  being  approximately  124*0 
(load  3500  lb.).  The  presence  of  from  0*06  to 
0*3  p.c.  of  carbon  in  the  metal  increases  the 
tensile  and  compressive  strength,  and  the  elec- 
trical resistance,  but  has  little  effect  on  the 
hardness.  Pure  cobalt  may  be  machined  in  a 
lathe  as  readily  as  pure  iron  or  nickel,  but  it 
is  somewhat  brittle  ; cobalt  containing  a small 
quantity  of  carbon  machines  like  mild  steel, 
and  whilst  pure  cast  cobalt  cannot  be  rolled  or 
swaged  without  developing  cracks,  cobalt  con- 
taining carbon  may  be  rolled  or  swaged  down 
from  cast  bars  to  any  extent  provided  that  the 
metal  is  worked  at  a red  heat  (Chem.  Soc.  Abst. 
1915,  ii.  99).  It  is  slowly  soluble  in  hydro- 
chloric and  sulphuric  acids,  with  evolution 
of  hydrogen,  quickly  soluble  in  nitric  acid ; 
it  is  not  attacked  by  hot  or  cold  alkali,  but  if 
used  as  anode  in  the  electrolysis  of  alkaline 
electrolytes,  passes  into  a colloidal  solution  of 
cobaltous  oxide.  It  exhibits  also  the  passive  state, 
similar  to  that  of  iron  and  other  metals,  but  the 
tendency  to  do  so  is  slight.  Cobalt  occludes 
from  60  to  150  times  its  own  volume  of  hydrogen, 
the  amount  varying  with  the  mechanical 
condition  of  the  metal.  The  powdered  metal 
combines,  when  heated,  with  chlorine,  bromine, 
and  iodine.  It  decomposes  steam  at  a red  heat, 
and,  if  finely  divided,  ignites  when  heated  in 
oxides  of  nitrogen,  and  in  a current  of  ammonia 
gas  at  500°  forms  a nitride  C04N2.  When 
finely  divided  cobalt  is  heated  to  150°-200°  in 
carbon  monoxide  at  100  atmos.  pressure,  orange- 
red  crystals  of  cobalt  carbonyl  Co(CO)4  are  formed, 
melting  at  51°,  soluble  in  alcohol  or  ether,  but 
insoluble  in  water,  and  decomposing  above 
52°,  yielding  Co(CO)3  which  further  decomposes 
(Mond,  Chem.  Soc.  Trans.  1910,  798)  [v.  Cobalt 
Carbonyls). 

Cobalt  may  be  deposited  as  a fine  lustrous 
coating  on  metals  by  the  electrolysis  of  a neutral 
solution  of  the  double  sulphate  of  cobalt  and 
ammonium,  using  a current  of  about  6 amperes 
per  sq.  foot  of  cathode  surface,  and  an  anode 
of  cobalt  (A.  Gaiffe,  Compt.  rend.  1878).  The 
presence  of  ammonium  chloride  appears  to  hinder, 
whilst  ammonium  sulphate  assists,  the  deposition. 
The  deposit  of  cobalt  is  harder,  more  tenacious, 
and  of  greater  beauty  than  that  of  nickel  (Troost). 

(Eor  the  properties  of  cobalt  containing  other 
metals,  v.  Alloys  of  cobalt.) 

Detection. — All  ores  and  compounds  of  cobalt 
impart  a blue  colour  to  a bead  of  borax  on 
fusion ; if  present  in  too  great  excess,  the  bead 
appears  black.  Heated  on  charcoal  with  reduc- 
ing flux,  all  substances  containing  cobalt  produce 
metallic  particles  which  are  attracted  by  a mag- 
net (distinction  from  all  other  bodies  except  iron 
and  nickel). 

Salts  of  cobalt,  when  strongly  heated  with 
alumina  before  the  blowpipe,  give  a fine  blue 
colour  (Thenard’s  blue).  Sulphuretted  hydrogen 
produces  no  precipitate  in  an  acid  solution, 
but  gives  a black  precipitate  of  sulphide  in 
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alkaline  solutions,  the  precipitated  sulphide 
being  insoluble  in  dilute  acids.  In  a solution 
containing  free  acetic  acid,  potassium  nitrite 
produces  a yellow  precipitate  of  potassium  co- 
baltinitrite  K3Co(NO^)g  ; the  whole  of  the  cobalt 
being  thus  precipitated  on  standing  in  a warm 
place  for  some  time.  If  a mineral  acid  is  present, 
it  should'  first  be  neutralised  by  potassium 
hydroxide. 

Potassium  thiocyanate  with  cobalt  salts  gives 
a red  colouration,  and,  on  the  addition  of  alcohol 
and  ether,  forms  a deep  Nue  ethereal  layer. 

Cobalt  is  also  precipitated  as  a red  precipitate 
by  the  addition  of  a solution  of  nitroso-^- 
naphthol  to  its  alcoholic  or  acid  solutions.  As 
nickel  is  not  thus  precipitated,  this  forms  a 
useful  means  of  separation  of  the  two  metals,  the 
sulphides  being  dissolved  in  aqua  regia,  evapo- 
rated to  dryness,  taken  up  with  a little  water 
and  hydrochloric  acid,  and  precipitated  as  above. 

Estimation. — Ores  containing  cobalt  are 
usually  very  complex;  they  almost  invariably 
contain  nickel  and  many  other  metals  from 
which  the  separation  is  difficult.  The  following 
scheme  will  serve  for  the  estimation  of  both  cobalt 
and  nickel  in  any  mineral,  though  in  the  case 
of  certain  ores  it  may  be  somewhat  simplified. 

From  2 to  7 grams  of  the  finely  ground 
ore  are  roasted  in  a porcelain  crucible  in  a 
muffle.  The  residue  is  boiled  with  hydrochloric 
acid  containing  a little  nitric  acid  until  the  metal- 
lic oxides  are  dissolved ; the  solution  is  diluted, 
nearly  neutralised  with  ammonia,  and  boiled  with 
sodium  acetate  solution,  whereby  the  iron  and 
aluminium  are  precipitated  as  acetates  contain- 
ing the  greater  part  of  the  arsenic  (as  arsenate  of 
iron)  and  a little  nickel  and  cobalt.  The  solution 
is  filtered,  and  the  precipitate  redissolved  in  hy- 
drochloric acid  and  reprecipitated  as  before,  the 
precipitate  being  this  time  free  from  nickel  and 
cobalt.  The  two  filtrates  are  mixed,  just  neu- 
tralised with  ammonia,  and  treated  with  sul- 
phuretted hydrogen  gas  ; cobalt,  nickel,  zinc, 
copper,  bismuth,  &c.,  are  thus  precipitated  as  sul- 
phides, leaving  the  manganese  and  the  alkaline 
and  earthy  metals  in  solution.  The  precipitate 
is  filtered,  washed,  dried,  and  roasted,  the  oxides 
so  produced  dissolved  in  hydrochloric  acid,  and 
treated  with  sulphuretted  hydrogen  ; the  copper, 
bismuth,  lead,  &c.,  are  thus  precipitated  and  fil- 
tered off. 

The  solution  is  boiled  till  free  from  sul- 
phuretted hydrogen,  and  the  two  metals  cb- 
precipitated  by  the  addition  of  potash  to  the 
boiling  solution ; the  precipitate  is  filtered  and 
washed,  nearly  dried,  and  separated  as  far  as 
possible  from  the  filter.  The  precipitate  is  di- 
gested in  a dish  with  dilute  hydrocyanic  acid, 
then  with  potash  solution,  and  again  with  hydro- 
cyanic acid,  and  warmed  until  no  further  solution 
occurs.  A minute  quantity  of  residue  is  left, 
consisting  of  paracyanogen  and  a small  quantity 
of  the  oxides  of  nickel  and  cobalt ; it  is  added 
to  that  still  remaining  on  the  filter  paper,  and 
the  whole  washed,  dried,  heated,  and  weighed. 

The  solution  containing  the  two  metals  is 
boiled  to  expel  the  excess  of  acid,  and  consists 
of  cobalticyanide  of  potash  and  double  cyanide 
of  nickel  and  potash.  Precipitated  yellow  mer- 
curic oxide  is  added,  and  the  solution  boiled  for 
some  time.  The  nickel  is  thus  precipitated, 
partly  as  cyanide  and  partly  as  eesquioxide.  It 


is  filtered,  washed,  dried,  heated,  and  weighed 
as  nickel  protoxide  NiO.  The  filtrate  is  nearly 
neutralised  with  nitric  acid,  and  a neutral  solu- 
tion of  mercurous  nitrate  added  in  excess.  The 
cobalt  is  thus  precipitated  as  mercury  cobalti- 
cyanide, which  is  washed,  dried,  and  heated  in 
an  open  crucible  until  of  constant  weight.  The 
product  consists  of  C03O4. 

From  the  proportions  of  cobalt  and  nickel 
thus  found,  the  amount  of  each  in  the  residue 
on  the  filter  paper,  &c.,  which  has  been  weighed 
may  be  calculated,  and  added  to  the  amounts 
directly  determined. 

In  other  methods,  the  copper,  &c.,  are  first 
precipitated  by  sulphuretted  hydrogen,  iron  by 
ammonia,  and  the  nickel  and  cobalt  precipitated 
as  sulphides.  The  sulphides  are  redissolved, 
and  in  (1)  the  total  nickel  and  cobalt  estimated 
by  electro-deposition ; in  (2)  the  cobalt  is  first 
precipitated  and  the  nickel  alone  determined. 

The  cobalt  in  the  above  solution  may  also  be 
determined  by  precipitation  as  potassium  cobalti- 
nitrite,  dissolving  the  precipitate  in  warm  dilute 
sulphuric  acid,  evaporating  nearly  to  dryness, 
and  electrolysing  after  addition  of  ammonium 
oxalate  and  excess  of  ammonium  carbonate 
(Copaux,  Bull.  Soc.  chim.  hi.  29,  301). 

The  solution  containing  the  sulphides  of 
nickel  and  cobalt  may  also  be  estimated  after 
freeing  from  excess  of  acid  by  boiling  with 
barium  carbonate,  and  adding  excess  of  bromine 
water.  After  10  minutes  the  cobalt  is  com- 
pletely separated  as  sesquioxide  (Taylor,  Proc. 
Man.  Phil.  Soc.  46,  1). 

Various  volumetric  methods  have  been 
suggested,  but  none  appears  to  be  perfectly 
satisfactory. 

Alloys  of  Cobalt.  Cobalt  unites  with  incan- 
descence on  fusion  with  antimony  or  arsenic, 
forming  brittle  iron-grey  alloys. 

With  arsenic  the  freezing-point  curve  indi- 
cates the  existence  of  compounds,  Co 5 As  2 ; 
CogAs ; and  C03AS2.  Smaltine  C0AS2  jforms 
tin- white  octahedra ; and  skutterudite  C0AS3 
occurs  as  greyish-white  octahedra.  The  arsenides 
are  attacked  by  oxidising  agents,  and  all  contain- 
ing over  38  p.c.  arsenic  are  non-magnetic. 

Antimony  and  cobalt  are  completely  miscible 
in  the  liquid  state.  Three  classes  of  alloys 
exist : magnetic  alloys  with  less  than  67  p.c. 
antimony ; alloys  of  from  67  to  80’27  p.c,, 
which  on  heating  form  CoSb  ; and  alloys  above 
80 '27  p.c.,  which  by  acids  yield  a compound, 
CoSb2,  as  a grey  crystalline  powder  (Ducelliez, 
Compt.  rend.  147,  1048). 

Cobalt  has  a marked  effect  on  the  electrical 
properties  of  copper;  3 5 p.c.  gives  an  alloy 
with  a temperature  coefficient  of  the  resistance 
of  only  0 '00077.  Two  series  of  mixed  crystals 
appear  to  exist,  0-10  p.c.,  and  95-100  p.c. 
copper,  and  alloys  within  these  limits  consist  of 
conglomerates  of  the  two  sets  of  mixed  crystals. 
Some  of  the  alloys  are  very  ductile.  As  in 
many  of  the  cobalt  alloys  at  high  temperatures, 
the  cobalt  is  present  as  a non-magnetic  form  ( y8), 
which  changes  to  the  magnetic  (a)  form  on 
cooling.  Alloys  containing  99  p.c.  of  copper 
are  stated  to  be  magnetic  (Sahmen,  Zeitsch. 
anorg.  Chem.  57,  1). 

Tin  and  cobalt  are  perfectly  miscible  as 
liquids,  and,  according  to  Ducelliez  (Compt. 
rend.  148,  502),  all  alloys  are  mixtures  of  CoSn 
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and  CogSiia  with  one  another,  or  with  either  of 
the  components.  Below  57 '6  p.c.  tin,  the  alloys 
are  magnetic  and  brittle  ; above  66 ‘8  p.c.  tin,  the 
alloys  are  less  brittle  and  non-magnetic  ; all  are 
much  harder  than  either  component.  A com- 
pound CogSn  of  m.p.  1 151°  has  also  been  described. 

With  gold  a brittle  alloy  is  produced,  that 
containing  1 part  gold  and  17  parts  cobalt  is 
dark-yellow  and  very  brittle  ; all  the  alloys  are 
magnetic.  With  platinum  a fusible  alloy  is 
produced  ; and  a silver- white  magnetic  amalgam 
with  mercury  is  used  in  dentistry. 

Alloys  with  aluminium  containing  less  than, 
68 '5  p.c.  cobalt  are  non-magnetic,  the  freezing- 
point  curve  indicates  a compound  CoAl.  Cobalt 
and  nickel  do  not  appear  to  form  a compound ; 

. the  freezing-point  curve  is  almost  straight, 
the  composition  of  the  solid  being  almost 
identical  with  that  of  the  liquid  in  all  cases. 

Addition  of  iron  has  no  appreciable  effect  on 
the  melting-point  of  cobalt,  the  curve  being 
almost  horizontal  to  5 p.c.  cobalt,  the  crystals 
having  the  same  composition  as  the  fused  mass. 
Two  series  of  non-magnetic,  which  transform 
into  four  series  of  magnetic  crystals,  appear  to 
exist  (Tammann,  Zeitsch.  anorg.  Chem.  45,  205). 
Steels  containing  up  to  60  p.c.  cobalt  show 
perlitic  structure,  and  the  mechanical  properties 
are  only  slightly  affected  by  the  cobalt. 

Lead,  silver,  or  iismuth  are  only  partially 
miscible  with  cobalt  when  molten,  and  no  definite 
alloys  appear  to  be  formed. 

With  silicon  in  the  electric  furnace,  steel-grey 
metallic-looking  silicides  are  formed,  CoaSi  and 
CoSi2.  Both  are  stable  and  hard,  and  attacked 
by  hydrofluoric  acid  and  aqua  regia.  A very 
hard  magnetic  boride  is  prepared  in  a similar 
manner ; and  by  the  action  of  phosphorus  on 
cobalt  chloride  at  a low  red  heat  a hard  brittle 
phosphide,  Co^Pa,  not  affected  by  heat  or  acids, 
is  produced. 

It  is  possible  to  combine  cobalt  or  nickel 
with  manganese  with  the  production  of  valuable 
alloys.  For  this  purpose  commercial  man- 
ganese or  ferro-manganese  may  be  used,  the 
presence  of  iron  not  being  injurious.  From  2 
to  5 p.c.  of  the  manganese  is  added  in  small 
portions  to  the  molten  metal ; much  gas  is 
evolved  after  each  addition,  and  the  metal  is 
poured  into  moulds  when  tranquil  (v.  Hunting- 
don, J.  Soc.  Chem.  Ind.  1882,  258). 

It  is  stated  that  when  in  the  molten  condi- 
tion cobalt  and  nickel  take  up  both  carbon  and 
oxygen,  but  evolve  the  greater  part  of  the  latter 
substance  on  cooling,  leaving  a porous  metal 
containing  carbon.  A method  has  been  patented 
whereby  this  carbon  is  said  to  be  eliminated. 
The  porous  cubes  of  metal  are  immersed  in  a 
4 p.c.  solution  of  alkaline  manganate  or  per- 
manganate, dried  and  melted  in  a crucible  at  a 
high  temperature.  The  carbon  is  said  to  be 
thus  oxidised  and  removed,  and  the  metal  takes 
up  a small  quantity  of  oxygen.  As  soon  as  the 
metal  flows  easily,  a little  black  flux  and  charcoal, 
or  a small  quantity  of  aluminium,  or  the  calcium 
zinc  produced  in  Caron’s  process,  is  added,  and 
the  oxj^gen  thus  removed  (Dingl.  poly.  J.  1884, 
254-.315). 

Oxide  of  cobalt  is  used  for  the  preparation  of 
the  salts  of  cobalt  and  of  smalt,  and  by  ena- 
mellers  and  porcelain  manufacturers  for  the 
production  of  the  finest  blue  glaze  and  colour  on 


porcelain,  glass,  and  other  vitrifiable  substances. 
The  presence  of  of  this  substance  imparts 

a bluish  tinge  to  clear  glass. 

The  presence  of  other  oxides  has  an  injurious 
effect  on  the  colour  produced  by  this  substance 
(v.  Smalt) ; it  is  therefore  necessary,  for  the  more 
delicate  work,  to  ensure  its  complete  freedom 
from  such  impurities. 

When  heated  strongly  with  magnesia,  it  pro- 
duces a pink  mass  ; with  alumina,  a fine  blue 
(Thenard’s  blue) ; and  with  zinc  oxide,  a green 
(Rinmann’s  green).  Zaffre  consists  of  a very 
impure  oxide  of  cobalt,  produced  by  roasting  the 
ore.  It  is  usually  mixed  with  2 or  3 parts  of 
fine  sand  or  ground  quartz,  and  is  used  for  the 
same  purpose  as  smalt  for  the  coarser  work. 

Cobalt  blue.  Cobalt  ultramarine,  Thenard’s 
blue,  Azure  blue.  The  composition  of  this 
pigment  varies  considerably,  according  to  the 
method  of  manufacture.  It  consists  sometimes 
of  the  oxides  of  cobalt  and  aluminium  ; at  other 
times  it  contains  phosphate  or  arsenate  of  cobalt. 

It  may  be  prepared  by  first  precipitating  a * 
solution  of  a cobalt  salt,  usually  the  nitrate,  free 
from  iron  and  nickel,  with  potassium  or  sodium 
phosphate,  or  with  sodium  arsenate.  The 
gelatinous  violet  precipitate  is  thoroughly 
washed  and  well  mixed  with  3-5  volumes  of 
freshly  precipitated,  well- washed  alumina  (when 
cobalt  arsenate  is  employed,  a larger  propor- 
tion of  alumina  may  be  added),  precipitated  from 
a solution  of  alum  free  from  iron  by  the  addition 
of  sodium  carbonate.  The  mixture  is  dried 
until  it  becomes  brittle,  and  calcined  at  a cherry- 
red  heat  for  30  minutes  in  a well- covered  clay 
crucible.  When  the  desired  blue  colour  has 
been  developed,  the  mass  is  ground  with  water 
and  dried.  In  order  to  prevent  the  possibility 
of  entrance  of  reducing  gases,  which  much 
injure  the  value  of  the  product,  Regnault  recom- 
mended the  addition  of  a little  mercuric  oxide 
before  the  ignition.  This  becomes  decomposed 
and  evolves  oxygen,  which  effectually  prevents 
reduction,  while  the  mercury  escapes  as  vapour 
(Regnault,  Cours  Elem.  de  Chimie,  3,  150). 

A similar  but  less  fine  colour  is  produced 
by  the  simultaneous  precipitation  of  the  oxides 
of  cobalt  and  aluminium  by  the  addition  of 
sodium  carbonate  to  a mixture  of  cobalt  nitrate 
and  alum  ; the  mixed  precipitate  is  washed'  and 
treated  as  above. 

According  to  the  process  recommended  by 
Binder  (Technologiste,  5,  55),  the  oxide  of 
cobalt  is  precipitated  by  the  addition  of  the 
requisite  quantity  of  ammonia  to  a solution  of 
pure  cobalt  chloride.  The  washed  precipitate 
is  mixed  with  alumina  as  before,  dried,  and  cal- 
cined at  a red  heat  in  a clay  crucible  for  two  hours. 

According  to  Hedvall  the  fusion  of  cobaltous 
oxide  and  alumina  is  best  made  in  presence  of 
potassium  chloride  as  a flux.  When  the  cobalt 
oxide  is  in  excess  the  resulting  product  can  be 
obtained  pure  by  treatment  with  water  to 
remove  the  flux  and  with  hydrochloric  acid  to 
remove  the  excess  of  cobalt  oxide.  At  1100° 
the  blue  aluminate  CoO'AlaOa  is  formed;  at 
temperatures  above  1100°  a green  aluminate 
4CoO,3Al2,03  is  produced.  McEachem  has 
pointed  out  that  alumina  and  cobalt  oxide 
alone  do  not  produce  a satisfactory  colour,  but 
that  additions  of  sodium  or  magnesium  salts 
greatly  improve  it.  Wagner  and  Vanino  found 
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that  cobalt  sulphate  could  be  used  instead  of 
phosphate,  and  that  the  alumina  was  most 
suitably  introduced  as  ammonium-alum.  To 
25  pts.  of  alum  were  added  2*5  to  5 pts.  cobalt 
sulphate,  0‘3  pt.  magnesium  or  zinc  sulphate ; 
the  mixture  is  melted  in  its  water  of  crystallisa- 
tion and  constantly  stirred  until  dry,  when  it  is 
heated  to  the  required  temperature  (Vanino, 
Chem.  Zeit.  1911,  35,  497). 

Thenard’s  blue  is  of  a fine  ultramarine 
colour  ; the  presence  of  excess  of  cobalt  imparts 
a somewhat  greenish  tinge.  It  has,  however, 
the  disadvantage  of  appearing  violet  by  gaslight. 
It  is  one  of  the  most  permanent  blue  pigments, 
being  unaltered  by  acids  or  alkalis,  and  is  largely 
used  as  an  oil  and  water  colour,  but  works 
better  as  water  colour.  It  is  non-poisonous, 
and  has  the  advantage  of  miscibility  with  other 
pigments  without  alteration. 

Cceruleum,  Coeline,  Bleu  celeste,  is  a corre- 
sponding colour  containing  oxide  of  tin  and 
usually  calcium  sulphate.  Its  general  composi- 
tion is  said  to  be  oxide  of  tin,  49 ’66  ; oxide  of 
cobalt,  18’66  ; calcium  sulphate  and  silica,  31*68  ; 
and  a pigment  of  this  nature  is  obtained  by 
precipitating  a solution  of  cobalt  nitrate  with 
sodium  stannate,  and  heating  the  precipitate  as 
above. 

It  is  a fine  light-blue  pigment  of  slightly 
greenish  tinge,  of  greater  density  than  Thenard’s 
blue,  and  retains  its  colour  in  artificial  light. 

New  blue.  A blue  pigment  of  shade  varying 
from  a pale-greenish  blue  to  a deep-turquoise 
blue,  largely  used  for  enamels,  consists  of 
aluminates  of  cobalt  and  chromium  produced  by 
the  action  of  alum  on  carbonates  and  hydroxides 
of  cobalt  and  chromium. 

Cobalt  green,  Rinmanri’s  green.  The  con- 
stitution of  this  pigment  corresponds  with  that 
of  Thenard’s  blue,  with  the  substitution  of  zinc 
oxide  for  alumina. 

It  may  be  prepared  by  mixing  a solution  of 
pure  cobalt  sulphate  (or  nitrate)  into  a paste 
with  zinc  oxide,  and  heating  in  a muffle  furnace 
for  3 or  4 hours,  until  the  desired  colour  is 
obtained.  Pigments  of  a more  uniform  nature 
are  produced  by  the  precipitation  of  a mixture 
of  solutions  of  zinc  and  cobalt  salts,  by  means 
of  sodium  carbonate,  phosphate,  or  arsenate, 
drying  and  heating  the  precipitate.  The  phos- 
phate is  said  to  give  a purer  and  brighter  green 
than  the  carbonate. 

R.  Wagner  (Technologiste,  18,  409)  gives  the 
composition  of  fine  green  pigments  as  varying 
from  71*68  p.c.  zinc  oxide  and  11*62  p.c. 
cobalt  oxide,  to  88 *04  p.c.  zinc  oxide  and  11*52 
p.c.  cobalt  oxide,  the  quantity  of  phosphoric 
oxide  also  varying  greatly. 

According  to  Hedvall  ( Arkw.  Kem.  Min.  Geol. 
1913,  5,  No.  6,  1),  Rinmann’s  green  is  not  a 
definite  substance,  but  rather  a series  of  solid 
solutions  of  its  component  oxides  in  isodimorphic 
crystals. 

Rinmann’s  green  is  a fine  permanent  pig- 
ment ; its  colour  varies  through  many  shades, 
according  to  the  proportion  of  zinc  present,  the 
darker  greens  containing  less  of  that  substance. 
It  is  non-poisonous  and  unacted  upon  by  dilute 
acids  or  alkalis,  but  is  attacked  by  ammonia. 
It  has  also  the  advantage  of  not  affecting  or 
being  unafl:ected  by  other  pigments.  Rin- 
mann’s green,  on  account  of  its  high  price,  and 


the  number  of  other  permanent  greens,  finds 
little  use  as  a pigment.  Another  permanent 
green  pigment  used  in  porcelain  painting  is  said 
to  be  prepared  by  the  calcination  of  a dried  mix- 
ture of  the  following  proportions  of  the  freshly 
precipitated  substances  ; 20  cobalt  carbonate, 
40  alumina,  20  chromium  oxide. 

Cobalt  bronze  is  a phosphate  of  cobalt  and 
ammonia,  of  a violet  colour,  with  a bronze-like 
metallic  lustre. 

Cobalt  silicates.  A cobalt  silicate  is  produced 
by  the  addition  of  sodium  silicate  (soluble  glass) 
to  a cobalt  salt.  It  produces  a blue  pigment  well 
suited  for  painting  on  glass  and  porcelain. 

Smalt.  Bleu  d/azur,  Bleu  de  Saxe.  This 
important  substance  consists  of  a silicate  of  cobalt 
and  potash. 

In  the  preparation  of  smalt  in  Saxony, 
smaltine  is  principally  used.  In  Norway  and 
Sweden  the  principal  ore  is  cobaltine.  The 
general  process  is  identical  for  both  ores. 

The  selected  ore  is  powdered,  freed  from  the 
lighter  earthy  impurities  by  washing,  and  placed, 
in  charges  of  about  3 cwt.,  in  a layer  of  5 or  6 
inches  thick  on  the  bed  of  a reverberatory  fur- 
nace or  in  a muffle.  It  is  then  roasted,  and  the 
sulphur  and  arsenic  expelled  as  oxides,  the 
latter  being  condensed  in  chambers  through 
which  the  fumes  are  passed.  The  roasting  must 
be  discontinued  when  only  sufficient  arsenic  is 
left  to  combine  with  the  less  oxidisable  metals, 
especially  copper  and  nickel,  while  the  greater 
part  of  the  cobalt  is  converted  into  oxide.  In 
order  to  ascertain  whether  the  roasting  has  pro- 
ceeded sufficiently,  a small  portion  is  occasion- 
ally tested  and  the  process  stopped  when  the 
finest  tinted  glass  is  produced.  The  material 
is  then  ready  for  fusion  for  ‘ smalt.’ 

The  fluxes  used  consist  of  powdered  quartz 
and  potassium  carbonate.  They  must  be  of  great 
purity,  as  the  presence  of  lime  and  many  other 
substances  impairs  the  beauty  of  the  colour. 
The  quartz  is  first  heated  to  redness,  plunged 
into  water,  and,  thus  disintegrated,  is  pow- 
dered in  a mill.  It  is  then  suspended  in  water 
and  allowed  to  subside  for  a short  time,  and  the 
liquid,  which  contains  most  of  the  iron  and 
other  impurities  still  suspended,  is  poured  off ; 
this  operation  is  repeated  until  a pure  quartz 
powder  is  obtained. 

The  proportions  of  the  ingredients  used 
vary  extremely  according  to  the  richness  of  the 
ore  and  the  colour  required.  The  potassium  car- 
bonate used  generally  amounts  to  about  one-third 
of  the  weight  of  ore  and  quartz  together.  White 
arsenic  is  usually  added  to  oxidise  any  ferrous- 
salt,  and  thus  prevent  the  injurious  effect  of 
that  substance  on  the  smalt,  and  to  otherwise 
heighten  the  colour  of  the  product.  The  exact 
amount  of  each  of  these  substances  is  found  by 
a test  fusion  and  comparison  with  a smalt  of  the 
required  colour. 

The  smalt  furnace  is  similar  to  a glass  oven  ; 
it  usually  contains  eight  erucibles.  The  pots 
are  of  very  refractory  clay,  free  from  lime, 
and  capable  of  holding  f cwt.  When  charged, 
they  are  strongly  heated,  and  the  mass  fuses 
in  about  8 hours  ; it  is  frequently  stirred  to 
render  it  homogeneons,  and  to  break  the  crust 
which  forms  on  the  surface.  At  a white  heat 
combination  occurs,  the  quartz  and  potash  re- 
act with  the  production  of  fusible  potassium 
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silicate,  which  dissolves  the  cobalt  oxide, 
forming  the  blue  ‘ smalt,’  while  the  mixed 
arsenides  of  nickel,  copper,  and  iron,  with  the 
small  quantity  of  cobalt  arsenide  which  is 
always  present,  fuse  and  form  a brittle  metallic- 
looking  s'peiss  beneath  the  smalt.  This  usually 
contains  about  3 p.c.  of  cobalt  and  a considerable 
quantity  of  nickel,  and  is  used  for  the  jjrepara- 
tion  of  the  latter  substance  and  of  cobalt  oxide. 
The  mass  is  left  at  a white  heat  for  some  time 
without  stirring,  to  allow  the  speiss  to  settle,  and 
is  ladled  out  vAth  long-handled  iron  ladles  into 
vessels  of  cold  water.  It  is  thus  rendered 
granular,  brittle,  and  easy  to  pulverise.  When 
nearing  the  bottom  of  the  crucible,  the  ladle 
contains  both  speiss  and  smalt ; the  former, 
being  much  more  fusible,  is  poured  first  from  * 
the  ladle,  from  beneath  the  smalt,  into  a niche 
in  the  side  of  the  furnace,  whence  the  dense 
fumes  of  arsenic,  &c.,  which  it  evolves  pass  up 
the  chimney. 

The  blue  glass  is  next  powdered  with  granite 
stampers,  or  ground  between  granite  millstoneg 
under  water,  and  the  product  passed  through  a 
series  of  depositing  vats.  In  the  first  vat  it 
remains  for  a short  time  only,  thence  it  passes 
to  a second  for  a somewhat  longer  time,  to  a 
third  for  about  15  minutes,  to  a fourth  and 
fifth  for  a corresponding  period,  and  finally  to  a 
sixth  vat,  where  it  is  allowed  to  deposit  com- 
pletely. The  deposit  in  the  first  vat  is  returned 
to  the  mill  and  re -ground,  that  in  the  second  and 
third  is  the  best  marketable  smalt,  whilst  in  the 
fourth  and  fifth  vats  a lighter-coloured  deposit, 
sold  under  the  name  eschel,  is  produced.  The 
deposit  in  the  last  vat  is  not  marketable,  and  is 
usually  resmelted. 

The  marketable  deposits  are  again  washed, 
deposited,  dried,  powdered,  and  sifted.  About 
three-fifths  of  the  glass  taken  from  the  pots  is 
thus  available.  The  presence  of  other  oxides 
than  those  of  cobalt  and  potash,  even  in  small 
quantities,  exerts  a powerful  influence  on  the 
colour  of  the  smalt.  Baryta  produces  an  indigo 
tinge ; sodium,  calcium,  and  magnesium  pro- 
duce a reddish  shade ; iron,  a blackish  green, 
very  prejudicial  to  the  brighter- coloured  smalts  ; 
manganese  violet,  nickel  violet,  but  less  intense  ; 
copper,  zinc,  bismuth,  and  antimony,  dull 
shades. 

The  composition  of  smalt  varies  consider- 
ably ; the  silica  is  usually  from  56-70  p.c.  ; 
potash,  12-22  p.c.  ; and  cobalt,  6-16  p.c.  The 
following  analyses  by  Ludwig  ( J.  pr.  Chem.  1850, 
51,  129)  are  typical : — 


Norwegian 

deep- 

coloured 

smalt 

German 

deep- 

coloured 

German 

pale 

coarse 

Silica 

70-86 

66-20 

72-12 

Potash  and  soda 

21-41 

16-31 

20-04 

Cobaltous  oxide 

6-49 

6-75 

1-95 

Alumina  . 

0-43 

8-64 

1-80 

Ferrous  oxide  . 

0-24 

1-36 

1-40 

Arsenious  acid  . 

trace 



0-08 

Vv^ater  and  car- 
bonic acid 

0-57 

0-92 

0-46 

100-00 

101-18 

97-85 

Smalt  is  a very  permanent  blue  pigment, 
largely  employed  for  the  production  of  blue 
colours  with  vitreous  substances  and  in  painting, 
both  for  delicate  and  coarse  work.  It  was 
formerly  much  used  for  colouring  starch,  paper, 
&c.,  but  for  this  and  many  other  purposes  it  is 
now  almost  superseded  by  the  far  less  per- 
manent artificial  ultramarine. 

Cobalt  yellow  consists  of  potassium  cobalti- 
nitrite,  prepared  by  the  addition  of  potassium 
nitrite  to  a solution  of  a cobalt  salt  acidulated 
with  acetic  acid.  Its  composition  varies  with 
the  proportions  used  and  the  strength  of  the 
solution.  Erdmann  and  Sadtler  state  that  when 
precipitated  from  a solution  containing  much 
acetic  acid  it  consists  of  K3Co(N02)6  with  a 
variable  amount  of  water. 

Cobalt  yellow  is  a bright  yellow  crystalline 
powder,  very  free  from  impurities,  unacted  upon 
by  cold  water  or  cold  acids,  and  but  slowly 
blackened  by  sulphuretted  hydrogen. 

It  forms  a fine  pigment  for  artistic  purposes. 
When  used  for  painting  porcelain  it  produces  the 
usual  blue  colour  on  baldng,  which,  on  account 
of  the  purity  of  the  substance,  is  of  great  beauty. 

Salts  of  cobalt.  The  soluble  salts  of  cobalt 
are  prepared  by  solution  of  the  oxide,  carbonate, 
or  metal  in  the  various  acids.  They  are  gene- 
rally pink  and  deliquescent,  forming  pink  solu- 
tions when  dilute,  but  when  dried,  or  in  con- 
centrated solution,  they  are  blue.  For  this 
reason,  solutions  of  nitrate  and  other  salts  of 
cobalt  are  used  as  sympathetic  inks,  such  writing 
being  almost  invisible  until  brought  near  a fire, 
when  the  letters  appear  blue.  They  gradually 
reabsorb  moisture  and  again  become  invisible. 
They  are  largely  used  for  neutralising  the 
yellow  colour  of  porcelain,  and  giving  a pure 
white  body,  the  porous  clay  being  for  this 
purpose  soaked  in  solution  of  cobalt  salts. 

When  ammonia  is  added  to  a solution  of  a 
cobalt  salt,  oxygen  is  absorbed,  giving  rise  under 
various  conditions  to  many  complex  series  of  salts 
containing  ammonia  and  different  oxides  of  cobalt. 

Cobaltous  hydroxide  is  obtained  by  adding 
an  alkali  to  a solution  of  a cobalt  salt  either  as 
a blue  or  red  precipitate  depending  upon  the 
proportion  of  alkali.  The  red  modification  is 
more  reactive  than  the  blue  compound  : they 
are  regarded  by  Hantzsch  as  ‘ chromo-isomeric  ’ 
modifications  (Zeitsch.  anorg.  Chem.  1912,  73, 
304). 

Cobaltous  chloride  CoClg  is  prepared  by  dis- 
solving the  oxide  or  carbonate  in  hydrochloric 
acid,  and  evaporating  the  solution.  According 
to  the  temperature  at  which  it  crystallises,  it  may 
contain  6,  4,  or  2 molecules  of  water  of  crystal- 
lisation, the  latter  at  the  higher  temperatures. 

Cobaltous  chloride  is  soluble  in  water  or 
alcohol.  A strong  solution,  or  a weaker  solution 
containing  strong  hydrochloric  acid,  is  of  a blue 
colour. 

Cobaltous  sulphate  CoS04,7H20  is  prepared 
by  solution  of  the  oxide  or  carbonate  in  dilute 
sulphuric  acid.  It  crystallises  in  red  crystals, 
isomorphous  with  magnesium  sulphate,  soluble 
in  24  parts  of  cold  water. 

Cobaltous  nitrate  Co(N03)2, 611,0  is  a red 
deliquescent  crystalline  salt  prepared  by  dis- 
solving the  oxide  in  nitric  acid.  It  is  very 
soluble  in  water,  the  solution  being  used  as  a 
reagent  in  blowpipe  analysis. 
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Combinations  of  cobalt,  as  resinate,  oleate  or 
linoleate,  tungate,  oleo-resinate  and  resino- 
t ungate,  are  employed  as  driers.  {See  Krauss,  8th 
Int.  Cong.  Appl.  Chem.  1912,  12,  127  ; Journ. 
Soc.  Chem.  Ind.  1912,  31,  938.) 

Cobalt  Carbonyls.  Cobalt  forms  two  car- 
bonyls : the  tetracarhonyl  Co2(CO)8,  and  the 
tricarb  07iyl  C o ( C 0 ) 3 . 

Cobalt  tetracarbonyl.  This  compound  is 
prepared  as  follows  : cobalt  oxalate  is  care- 
fully heated  until  completely  converted  into  the 
oxide.  It  is  then  washed  free  from  traces 
of  chlorides  which  hinder  the  formation  of 
the  carbonyl,  and  dried  at  120°.  The  oxide 
is  placed  in  the  apparatus  described  under 
‘ carbonyls,’  and  reduced  to  cobalt  by  means  of 
hydrogen,  at  a temperature  of  300°  and  a pres- 
sure of  5 atmospheres.  After  the  reduction,  the 
hydrogen  is  displaced  by  carbon  monoxide,  the 
pressure  being  increased  and  the  temperature 
lowered.  For  the  production  of  the  carbonyl, 
a minimum  pressure  of  40  atmospheres  and  a 
temperature  of  150°  is  needed,  and  at  pressures 
up  to  250  atmospheres  and  temperatures  between 
150°  and  250°,  varying  quantities  of  the  carbonyl 
are  collected  in  a tube  attached  to  the  outlet 
of  the  apparatus,  and  immersed  in  a freezing 
mixture. 

The  tetracarbonyl  forms  orange-coloured 
crystals  of  sp.gr.  1-73,  which  melt  at  51°,  and 
decompose  above  that  temperature. 

The  molecular  formula  is  Co2(CO)8.  The 
compound  is  insoluble  in  water,  but  is  soluble 
in  most  organic  solvents,  and  in  nickel  tetra- 
carbonyl. It  is  not  attacked  by  aqueous  acids 
but  concentrated  acids  and  the  halogens  decom- 
pose it,  forming  the  corresponding  salt,  carbon 
monoxide,  and  hydrogen 

Co(C0)4+H2S04=CoS04+4C0+H2 

In  contact  with  air  a deep'  violet-coloured 
compound  is  formed,  which  is  most  probably  a 
hydrated  basic  carbonate.  The  crystals  are 
best  preserved  in  a sealed  tube  in  an  atmo- 
sphere of  hydrogen  or  carbon  monoxide. 

When  the  tetracarbonyl  is  heated  at  60°, 
one  quarter  of  the  carbon  monoxide  is  evolved  at 
a regularly  decreasing  rate,  leaving  a compound 
having  the  formula  Co(CO)3  in  the  form  of  black 
cobalt  and  carbon  monoxide,  no  intermediate 
product  being  formed. 

When  the  tetracarbonyl  is  heated  at  100°, 
one  cjuarter  of  the  carbon  monoxide  is  evolved 
almost  instantaneously,  the  rest  coming  off  very 
irregularly  and  comparatively  slowly  (Mond, 
Hirtz,  and  Co  wap,  Chem.  Soc.  Trans.  1910, 
97,  798). 

COBALT  BLOOM,  Erythrite  ; Hydrated  co- 
halt  arsenate  (v.  Cobalt). 

COBALT  BLUE  or  THENARD’S  BLUE 

Cobalt. 

COBALT  BRONZE  v.  Cobalt. 

COBALT  GLANCE.  Sulyharsenide  of  cobalt 
{v.  Cobaltine). 

COBALT  GREEN  or  RINMANN’S  GREEN 

V.  Cobalt. 

COBALT  PYRITES  v.  Cobalt. 

COBALT  SPEISS  4;.  Cobalt. 

COBALT  ULTRAMARINE  or  COBALT  BLUE 

V.  Cobalt. 

COBALT  YELLOW  Cobalt. 

COBALTITE  (orCobalt-glance).  Sulpharsenide  ' 


of  cobalt,  CoAsS,  containing  Co  25-35  p.c.  with 
Fe  2-5  p.c.  It  frequently  occurs  as  well- 
developed  crystals,  fine  specimens  coming  from 
Tunaberg  and  Hakansboda  in  Sweden  and 
Skutterud  in  Norway ; these  are  cubic  with 
parallel  hemihedrism  and  with  the  same 
characteristic  form  as  crystals  of  the  isomorphous 
mineral  ‘ iron-pyrites.  Granular  and  compact 
masses  also  occur.  The  colour  is  tin-white  with 
a reddish  tinge  and  a brilliant  metallic  lustre  ; 
the  streak  is  greyish-black.  Sp.gr.  6 '2,  hardness 
5^.  A bed  of  pure  cobaltite  averaging  0'2  metre 
in  thickness  occurs  at  Dashkessan,  govt.  Tiflis, 
Caucasus.  In  the  Cobalt  area  of  Ontario  massive 
cobaltite  and  small  crystals  are  present  with  the 
more  abundant  smaltite.  Under  the  name 
sehta  the  mineral,  found  at  Kherti  in  Rajputana, 
is  used  by  the  Indian  jewellers  for  producing 
a blue  enamel  on  gold  and  silver.  L.  J.  S. 

COCAINE  AND  THE  COCA  ALKALOIDS. 
The  coca  leaves  of  commerce  are  derived  from 
Erythroxylon  coca  (Lam.)  (Bolivian  or  Huanuco), 
E.  coca  var.  novogranatense  (Morris)  and  E. 
truxillense  (Bus by)  (Peruvian  or  Truxillo  coca). 

Coca  was  introduced  into  Ceylon  in  1870,  and 
later  into  India,  but  whilst  production  in  Ceylon 
attained  considerable  proportions,  the  Indian 
supply  was  never  of  commercial  importance. 
Subsequently,  cultivation  was  taken  up  in 
Java  where,  after  considerable  initial  diffi- 
culties, production  attained  large  proportions 
constituting  about  45  p.c.  of  the  world’s  supply, 
the  remainder  being  produced  in  South  America, 
Cultivation  was  stopped  in  Ceylon  in  1915  by 
order  of  the  Government. 

Coca  leaves  contain  alkaloids  of  four  types  : — 

1.  Cocaines  ; alkyl  acyl  derivatives  of  ecgo- 

nine. 

2.  Acylecgonines  ; acyl  derivatives  of  ecgo- 
nine. 

3.  ;f/-tropeines ; acyl  derivatives  of  ij/-tropine. 

4.  Hygrines. 

The  first  and  second  types  can  be  used  as 
commercial  sources  of  cocaine,  since  on  hydrolysis 
they  yield  ecgonine  which  by  benzoylation  and 
methylation  yields  cocaine.  The  coca  leaves 
derived  from  South  America  contain  up  to 
1 p.c.  of  ether-soluble  alkaloids  (mostly  cocaine), 
whilst  Java  leaves  contain  up  to  1'5  p.c.,  or 
sometimes  more  ether-soluble  alkaloid  of  which 
little  or  none  is  cocaine. 

Estimation  of  total  alkaloids  in  coca  leaves.- — 
The  following  process  is  given  in  the  United 
States  Pharmacopoeia,  8th  ed.  : 10-grms.  of  coca 
leaves  in  No.  60  powder  are  mixed  with  50  c.c. 
of  a mixture  of  chloroform  1 voL,  ether  4 vols., 
in  a stoppered  Erlenmeyer  flask  and  set  aside 
during  10  mins.  Two  c.c.  of  ammonia  solution, 
diluted  with  3 c.c.  of  water,  are  then  added,  and 
the  flask  shaken  at  intervals  during  1 hour.  A 
small  glass  percolator  with  the  lower  end  ob- 
structed by  a wad  of  cotton  wool  is  then  placed 
in  the  neck  of  a separating  funnel  containing 
6 c.c.  of  N-sulphuric  acid,  diluted  with  20  c.c. 
of  water,  and  the  contents  of  the  flask  poured 
into  the  percolator.  When  all  the  liquid  has 
passed,  the  contents  of  the  percolator  are  packed 
in  firmly  by  means  of  a glass  rod,  and  then  the 
flask  is  rinsed  out  with  10  c.c.  of  the  chloroform- 
ether  mixture,  followed  by  several  successive 
washings  with  5 c.c.  quantities  of  the  same 
mixture,  the  percolation  being  continued  with 
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this  liquid  until  50  c.c.  have  been  used  in  all. 
The  separator  is  now  shaken  during  one  minute, 
the  acid  liquid  drawn  off,  and  the  extraction 
repeated  twice,  using  each  time  10  c.c.  of  acid 
(6  c.c.  N-acid  with  20  c.c.  of  water)  ; the  com- 
bined acid  liquors  are  made  distinctly  alkaline 
with  ammonia  solution  and  the  alkaloids  ex- 
tracted with  successive  portions  of  ether  (25, 
20  and  15  c.c.).  The  ether  is  allowed  to  evapo- 
rate spontaneously,  and  the  residue  dissolved  in 
4 c.c.  of  N/10  sulphuric  acid,  and  the  excess  of 
acid  determined  by  N/50  potassium  hydroxide 
using  cochineal  or  iodeosin  as  indicator.  This 
process  givesthe  amount  of  ether-soluble  alkaloids 
in  the  drug.  No  satisfactory  process  is  yet 
available  for  the  estimation  of  cocaine  in  the 
‘ total  alkaloids.’ 

Estimation  of  Ecgonine  in  total  alkaloids. — 
The  total  alkaloids  from  15-grm.  of  leaves  are 
boiled  for  1 hour  with  30  times  their  weight  of 
dilute  hydrochloric  acid ; the  mixture  is  cooled, 
extracted  with  ether,  evaporated  to  dryness  and 
the  residual  ecgonine  hydrochloride  weighed 
(Greshoff,  Pharm.  Weekb.  1907,  44,  961). 

Cocaine  C17H21O4N  occurs  to  a variable 
extent  in  the  different  varieties  of  coca  leaves 
{see  above). 

Preparation. — The  coca  leaves  are  exhausted 
by  maceration  and  agitation  with  a mixture  of 
aqueous  sodium  carbonate  and  petroleum, 
whereby  the  cocaine  with  cinnamyl  cocaine,  &c., 
passes  into  solution  in  the  petroleum.  The 
latter  is  shaken  with  dilute  hydrochloric  acid, 
when  cocaine  hydrochloride  crystallises  out 
and  is  collected,  pressed  and  dried.  This  crude 
salt  is  purified  by  solution  in  water,  liberation 
of  the  free  base  by  ammonia,  and  solution  of 
this  in  alcoholic  hydrogen  chloride,  when  the 
hydrochloride  crystallises  out.  The  mother- 
liquors  contain  the  other  coca  alkaloids.  If 
Java  coca  leaves  are  used,  the  coca  alkaloids 
other  than  cocaine  alone  are  obtained,  and  these 
and  the  residual  coca  alkaloids  referred  to  above 
are  converted  into  cocaine  by  heating  with  boil- 
ing hydrochloric  acid  and  pouring  into  water, 
when  truxillic  and  cinnamic  acids  separate  and 
may  be  filtered  off.  The  filtrate  is  concentrated 
until  ecgonine  hydrochloride  crystallises  out. 
The  ecgonine  is  recovered  and  then  benzoylated 
and  methylated  in  turn  to  produce  cocaine. 

The  crude  cocaine  manufactured  in  Peru 
and  imported  to  Europe  for  the  preparation 
of  cocaine  salts  is  obtained  by  extracting  the 
leaves  with  0‘5  p.c.  sulphuric  acid,  making  the 
filtrate  alkaline  with  sodium  carbonate  and 
extracting  with  petroleum.  The  latter  is  again 
shaken  out  with  dilute  sulphuric  acid  and  the 
crude  alkaloid  precipitated  from  this  as  a white, 
bulky  powder  by  sodium  carbonate.  The 
powder  is  washed  with  water  and  dried  by  ex- 
posure to  air  for  export. 

Properties. — Monoclinic  prisms,  m.p.  98°  ; 
at  higher  temperatures  it  sublimes  with  de- 
composition. Lsevorotatory  [aln— 15'8°; 
slightly  soluble  in  cold  water,  more  soluble  in 
hot  water,  by  which  it  is  slowly  hydrolysed. 
Soluble  in  alcohol,  ether,  benzene,  light  or  heavy 
petroleum,  or  carbon  disulphide.  The  aqueous 
solution  is  alkaline  to  litmus,  has  a bitter  taste 
and  produces  a tingling  and  numbness  of  the 
tongue  and  lips,  or,  more  generally,  local 
anaesthesia  of  the  surface  to  which  it  is  applied. 


On  this  account  it  is  largely  employed  in  minor 
surgical  operations,  although  in  recent  years 
it  has  been  replaced  to  some  extent  by  synthe- 
tically prepared  anaesthetics,  such  as  benzamine 
(;8-eucaine),  stovaine,  novocaine,  &c.  The 
alkaloid  also  causes  dilatation  of  the  pupil  of  the 
eye,  but  is  not  so  powerfully  mydriatic  as  some 
of  the  solanaceous  alkaloids.  When  adminis- 
tered internally  in  small  doses  it  acts  as  a 
stimulant,  and  diminishes  the  feeling  of  fatigue 
consequent  on  muscular  exertion.  Coca  leaves 
have  long  been  known  to  possess  this  property, 
and  in  places  where  the  plant  is  abundant,  a 
mixture  of  lime  and  coca  leaves  is  chewed  by 
the  natives  before  engaging  in  severe  exertion. 
Larger  doses  of  the  alkaloid  are  poisonous. 

The  ordinary  salts  of  cocaine  are  crystalline. 
The  hydrochloride,  which  is  the  salt  used  in 
medicine,  forms  white  micaceous  scales,  possess- 
ing a characteristic  lustre,  or  as  white  needles, 
readily  soluble  in  water.  The  chromate  B 'HgCrO  4, 
HgO  is  thrown  down,  as  a pale-yellow  precipi- 
tate when  potassium  chromate  is  added  to  an 
acid  solution  of  the  hydrochloride.  This  salt  is 
very  slightly  soluble  in  cold  water,  m.p.  127°. 
The  aurichloride  B'HAuCl4  is  crystalline  and 
sparingly  soluble  in  water.  When  aqueous 
mercuric  chloride  is  mixed  with  a solution  of 
cocaine  hydrochloride  a bulky  precipitate  of  the 
mercurichloride  B'HCkHgCl2,2H20  is  formed. 
This  salt  may  be  crystallised  from  alcohol,  m.p. 
124°. 

d-Cocaine,  m.p.  46°,  was  obtained  by  Lieber- 
mann  and  Giesel  (Ber.  1890,  23,  508,  926)  from 
coca  leaves,  but  was  probably  formed  by  the 
racemisation  of  1 -cocaine  by  the  action  of 
alkalis  ; it  has  been  synthesised  from  d-ecgonine. 
JLCocaine,  m.p.  80°,  was  prepared  from  dl- 
ecgonine  by  Willstatter  and  Bode  {ibid.  1901, 
34,  1457). 

Detection. — In  isolating  cocaine,  the  aqueous 
solution  should  not  be  heated  for  any  length 
of  time,  and  not  at  all  in  the  presence  of  acids 
or  alkalis.  Eor  the  liberation  of  the  alkaloid 
from  its  salts,  ammonia,  and  not  caustic  alkalis, 
should  be  employed.  Cocaine  may  be  detected 
by  its  characteristic  action  on  the  tongue  (see 
above).  The  following  reactions  are  useful  for 
the  detection  of  the  alkaloid  : One  c.c.  of  a 3 p.c. 
solution  of  potassium  permanganate  gives  a 
violet  precipitate  with  O'Ol  grm.  of  the  hydro- 
chloride dissolved  in  two  drops  of  water  (Chem. 
Zeit.  1886,  10,  71  ; Amer.  J.  Pharm.  1911,  83, 
195-201,  265-268).  The  hydrochloride  heated 
with  alcoholic  potash  gives  off  an  odour  of 
methyl  benzoate.  When  moistened  with  nitric 
acid,  the  mixture  evaporated  to  dryness  and 
alcoholic  potassium  hydroxide  added,  a charac- 
teristic peppermint  odour  is  produced. 

The  most  important  criteria  of  purity  of 
cocaine  hydrochloride  are  the  m.p.,  the  per- 
manganate test,  and  the  ammonia  test. 

The  m.p.  of  cocaine  hydrochloride  varies 
with  the  rate  of  heating.  When  inserted  into 
a bath  previously  heated  to  195°  and  the  tem- 
perature then  slowly  raised,  it  melts  at  201°- 
202°  ; when  3 drops  of  N/10  solution  of  potas- 
sium permanganate  are  added  to  OT  grm.  of 
cocaine  hydrochloride  in  5 c.c.  of  water  contain- 
ing 3 drops  6f  dilute  sulphuric  acid  a purple  colour 
is  produced,  which  should  show  no  diminution 
in  shade  in  half  an  hour.  If  OT  grm,  is  dissolved 
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in  100  c.c.  of  water,  0'25  c.c,  solution  of 
ammonia  added  and  the  mixture  set  aside 
15  minutes,  the  side  of  the  beaker  being  occasion- 
ally gently  rubbed  with  a glass  rod,  a crystalline 
deposit  should  be  formed  leaving  the  supernatant 
liquid  clear  (limit  of  amorphous  alkaloids). 

Reactions  and  Constitution. — Cocaine  exhibits 
most  of  the  general  reactions  of  the  vegetable 
alkaloids.  When  boiled  with  water  it  is  gradu- 
ally hydrolysed  into  methyl  alcohol  and  1- 
benzoylecgonine  {see  below) 

C,7H2i04N  + H20  = Ci6Hi904N  + CH30H 

(Paul,  Pharm.  J.  1887-1888  [iii.]  18,  781  ; 
Einhorn,  Ber.  1888,  21,  47),  and  the  same  change 
gradually  occurs  if  the  alkaloid  remains  in 
contact  with  an  alkaline  liquid.  With  alkalis 
or  mineral  acids  methyl  alcohol  and  benzoylecgo- 
nine  are  first  formed,  but  the  latter  undergoes 
further  hydrolysis  into  benzoic  acid  and  1-ecgo- 
nine  (see  below). 

Ci7H,i04N+2H30 

Natural  cocaine  is  therefore  methylbenzoyl- 
1 -ecgonine. 

1-Ecgonine  CgHjgOgN.  This  base  does  not 
occur  as  such  in  coca  leaves,  but  is  the  ultimate 
basic  product  of  hydrolysis  of  cocaine,  cinnamyl- 
cocaine,  the  truxillines  and  benzoylecgonine. 
It  crystallises  from  dry  alcohol  in  monoclinic 
prisms  with  IHgO,  m.p.  140°,  or  198°-199° 
(anhydrous)  ; leevorotatory.  It  is  readily 
esterified  by  alcohols  yielding  a series  of  alkyl 
esters,  and  by  acid  chlorides  or  anhydrides, 
giving  the  acylecgonines  from  which  the  corre- 
sponding ‘ cocaines  ’ are  obtained  by  alkylation. 

Ecgonine  is  now  known,  principally  as  the 
result  of  the  researches  of  Einhorn,  Liebermann, 
Willstatter  and  their  collaborators  {see  below), 
to  be  closely  related  to  tropine,  the  ultimate 
basic  hydrolytic  product  of  atropine  and 
hyoscyamine,  and  may  be  regarded  as  tropine- 
i8- carboxylic  acid.  Ecgonine  and  its  most  im- 
portant derivative  1 -cocaine  may  be  represented 
by  the  following  formulae  : — 


CHa— OH— CH-COsH 

I I 

NMe  CH-OH 
I I 

CH2— CH— CHa 
Ecgonine. 


CH2— CH— CH-COgMe 

I I 

NMe  CH-OBz 

I ! 

CH2— CH— CH2 

Cocaine. 


Some  of  the  chief  papers  bearing  on  the  con- 
stitution of  ecgonine  are  : Einhorn,  Ber.  1889, 
22,  399  ; 1890,  23,  1338  ; 1893,  26,  324  ; 1894, 
27,  2823  ; Annalen,  1894,  280,  96  ; Liebermann, 
Ber.  1890,  23,  2518  ; 1891,  24,  606  ; Willstatter, 
ibid.  1897,  30,  702  ; 1898,  31,  1546,  2500,  2655  ; 
1901,  34,  519  ; Annalen  1903,  326,  79. 

1 -Benzoylecgonine  C16H19O4N  is  the  first 
product  of  the  hydrolysis  of  cocaine ; it  occurs 
in  coca  leaves  from  which  it  was  isolated  almost 
simultaneously  by  Skraup  (Monatsh.  1885,  6, 
556),  and  by  Merck  (Ber.  1885,  18,  1594).  The 
base  crystallises  from  water  in  needles,  m.p. 
86°  (anhydrous  195°),  and  is  hydrolysed  by 
hydrochloric  acid  to  benzoic  acid  and  ecgonine. 
On  methylation  it  furnishes  cocaine. 

1-Cinnamylcocaine  C19H.23O4N.  This  alka- 
loid is  now  known  to  occur  in  all  varieties  of  coca 
leaves,  but  is  found  in  largest  proportion  in  the 
Java  leaves,  whence  it  was  isolated  by  Giesel 


(Pharm.  Zeit.  1889,  34,  516).  It  forms  needles, 
m.p.  121°,  from  benzene  on  addition  of  light 
petroleum.  Lsevorotatory.  On  hydrolysis  it 
furnishes  cinnamic  acid,  methyl  alcohol,  and 
1 -ecgonine,  and  is  therefore  methylcinnamyl-1- 
ecgonine.  The  d-isomeride  has  been  prepared 
(Einhorn  and  Deckers,  Ber.  1891,  24,  7). 

Truxillines  C'3sH4808N2.  Two  of  these,  a-  and 
)8-,  occur  in  coca  leaves  ; the  former  is  methyl- 
a-truxillyl-1 -ecgonine,  and  the  second  the 
corresponding  /3-truxillyl  compound  (Hesse, 
Pharm.  Zeit.  1887,  32,  407,  668 ; Liebermann, 
Ber.  1888,  21,  2342  ; 1889,  22,  130,  680).  They 
are  amorphous,  and,  according  to  von  Liebreich, 
are  heart  poisons,  and  exert  no  local  anaesthetic 
action. 

Tropacocaine  (Benzoyl  \|/-Tropeine)  CigHjgON 
was  isolated  by  Giesel  (Ber.  1891,  24,  2336) 
from  Java  coca  leaves.  It  crystallises  from 
ether,  has  m.p.  49°,  is  optically  inactive, 
distils  unchanged.  The  salts  are  crystalline, 
the  hydrochloride  melting  at  283°  and  the 
aurichloride  at  208°.  On  hydrolysis  tropaco- 
caine furnishes  benzoic  acid  and  \|/-tropine, 
and  it  may  be  prepared  synthetically  by  the 
benzoylation  of  it-tropine  (Liebermann,  ibid. 
1891,  24,  2336,  2587  ; 1892,  25,  927) ; the  latter 
is  a physical  isomeride  of  tropine,  and  has  been 
synthesised  by  Willstatter  (Ber.  1896,  29,  936  ; 
1901,  34,  129,  3163),  who  assigns  to  it  the 
same  structural  formula  as  to  tropine,  and 
states  that  since  tropine  and  pseudotropine  are 
optically  inactive  the  isomerism  appears  to  be 
of  the  cis-trans  type,  a view  subsequently  con- 
firmed by  Barrowcliff  and  Tutin  (Chem.  Soc. 
Trans.  1909,  95,  1970).  Tropacocaine,  like  the 
pseudotropeines  as  a class,  is  almost  devoid  of 
mydriatic  action,  but  like  cocaine  is  a local 
anaesthetic,  though  the  effect  is  more  transitory. 

Hygrines. — These  secondary  alkaloids  were 
discovered  by  Lessen  in  Peruvian  coca  leaves 
(Annalen,  1862,  121,  374  ; 1865,  133,  352),  and 
investigated  by  Liebermann  and  collaborators 
(Ber.  1889,  22,  675  ; 1891,  24,  407  ; 1893,  26, 
851  ; 1895,  28,  578 ; 1896,  29,  2050  ; 1897,  30, 
1113),  who  showed  that  Lossen’s  supposed 
homogeneous  material  contained  two  liquid 
alkaloids,  one  boiling  at  193°- 195°  and  having 
the  formula  CgHigON,  which  makes  it  isomeric 
with  tropine,  and  a second  having  the  com- 
position O14H24ON2,  b.p.  215°,  under  50  mm. 
pressure.  The  low  boiling  alkaloid  is  that  now 
known  as  hygrine.  Willstatter  and  Ettlinger’s 
synthesis  of  hygrinic  acid  shows  that  hygrine 
probably  has  the  following  constitution  (Annalen, 
1903,  326,  91) 


-CH, 


/CH2 

Me-N<  1 

\CH(CH2-CO-Me)-CH2 

From  ‘ CUSCO  ’ leaves  Liebermann  and  Cybulski 
isolated  a third  substance  of  this  type,  viz. 
cuscohygrine  C13H24ON2,  b.p.  185°  under  32  mm. 
pressure,  which  forms  a crystalhne  hydrate 
B,3|H20,  m.p.  40°.  It  probably  has  the  con- 
stitution (L.  a.  C.,  Ber.  1895,  28,  578) — 


CH,— CH, 


.CH,— CH, 


>CH*CHyCO-CH,-CH< 


CH2-NMe^ 


\NMe-CH2 

s s 

COCAETHYTIN.  Trade  name  for  the  ethyl 
ester  of  benzoylecgonine. 


COCHINEAL. 
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COCATANNIC  ACID  v.  Tannins. 

COCCINE  V.  Azo-  COLOURING  MATTERS. 
a-COCCINIC  ACID,  COCCININ,v.  Cochineal. 

COCCULINv.  PiCROTOxiN. 

COCCULUS  INDICUS  or  INDIAN  BERRY  is 

the  fruit  of  the  Anamirta  paniciilata  (Colebar), 
[A.  Gocculus  (Wight  and  Arnott)]  nat.  ord. 
Menispermacece,  a tree  growing  upon  the  coasts 
of  Malabar,  Ceylon,  &c.  The  berry  is  about  the 
size  of  a large  pea  and  of  a dark-grey  colour. 
It  possesses  strong  poisonous  and  narcotic 
qualities  from  the  fact  of  its  containing  about 
one-fiftieth  part  of  its  weight  of  picrotoxin,  and 
has  been  employed  to  increase  the  bitterness  as 
also  the  inebriating  effect  of  beer.  It  is,  how- 
ever, exceedingly  deleterious  to  health,  and  the 
use  of  it  for  this  purpose  has  been  prohibited  by 
the  Legislature  under  heavy  penalties. 

Besides  picrotoxin,  Schmidt  and  Lowenhardt 
(Bull.  Soc.  chim.  14,  817)  obtained  from  the  seeds 
cocculin  CigHgeOjo,  crystallising  in  white  needles, 
sparingly  soluble  in  hot  water,  insoluble  in  cold 
water,  alcohol  and  ether.  It  is  probably  identical 
with  Barth  and  Kretschy’s  anamirtin  C^gHgiOiQ 
which  they  regarded  as  a constituent  of  picro- 
toxin. 

Cocculus  indicus  berries  contain  menisper- 
mine,  paramenispermine,  and  picrotoxin  {v. 
Picrotoxin). 

COCCUS  CACTI,  C.  ILICIS,  C=  LACCAL,  v. 

Cochineal. 

COCHIN  CHINA  WAX  Waxes. 

COCHINEAL.  This  important  natural  dye- 
stuff, which,  in  its  native  country,  Mexico,  was 
used  as  a dye  and  cultivated  by  artificial  means 
at  a remote  period  of  history,  was  for  a long  time 
considered  to  be  of  vegetable  origin.  Cochineal, 
however,  consists  of  the  dried  body  of  an  insect, 
the  Coccus  cacti,  which  lives  upon  a species  of 
cactus  (the  Nopalea  coccindlifera  (S.-Dyck)  or 
Nopal),  a plant  which  is  found  in  the  wild 
condition,  but  which,  for  the  sake  of  the  insect,  is 
cultivated  in  gardens  which  are  termed  Nopaleries. 
The  collection  of  the  insects  takes  place  before 
the  commencement  of  the  rainy  season,  and  they 
are  then  brushed  either  into  straw  baskets  or 
into  basins  of  tinned  iron.  A number  of  insects 
are  left  upon  each  plant,  and  a new  generation 
is  produced,  which  is  again  gathered  at  a 
suitable  period.  The  insects  are  killed  by 
immersion  in  boiling  water,  or  are  enclosed  in 
a linen  bag  and  placed  in  an  oven  ; by  the  latter 
process  the  peculiar  white  down  covering  the 
insect  is  preserved,  but  in  the  former  case  is  lost. 

In  Mexico  and  Central  America  two  varieties 
of  cochineal  are  known — the  home-grown,  or 
fine  cochineal  (granafina),  and  the  wild,  or  forest 
cochineal  {grana  silvestra).  The  former  is  more 
valuable  than  the  latter,  and  is  richer  in  colouring 
matter.  (Since  1830  the  cultivation  of  cochineal 
was  introduced  into  Spain  and  the  Canary 
Islands,  Algeria,  and  Java,  but  the  most  pro- 
ductive of  these  newer  plantations  were  those 
of  Java.  Since  the  discovery  of  the  coal-tar 
colours,  the  consumption  of  cochineal  as  a dye- 
stuff has  gradually  decreased,  and  at  the  present 
time  it  is  only  employed  in  a minor  degree. 
According  to  Liebermann,  cochineal  contains 
about  10  per  cent,  of  colouring  matter  (Ber. 
18,  19). 

Carminic  acid,  the  colouring  matter  of  cochi- 
neal, was  first  isolated  by  Pelletier  and  Caven- 


tou  (Ann.  Chim.  Phys.  (2),  8,  250),  and  was 
subsequently  examined  by  Preisser  (Annalen, 
52,  375  ; J.  Pharm.  Chim.  (3),  5,  191)  and  Arppe 
(Annalen,  55,  101) ; but  Warren  de  la  Rue 
{ibid.  64,  1)  was  the  first  to  isolate  this  substance 
in  a pure  condition,  and  described  it  as  a purple- 
brown  mass,  which,  on  grinding,  yields  a bright - 
red  powder,  easily  soluble  in  water  and  alcohol, 
but  not  in  ether.  The  mean  of  his  analyses 
gave  54‘13  p.c.  of  carbon,  4‘62  p.c.  of  hydrogen, 
and  41  *25  p.c.  of  oxygen  (by  difference),  and 
from  these  figures  he  deduced  the  formula 
C14H7O8  or  (Ci4H70g)2. 

Schiitzenberger  (Ann.  Chim.  Phys.  (3)  54, 
52),  on  the  other  hand,  was  the  first  chemist  who 
succeeded  in  obtaining  carminic  acid  in  a crystal- 
line condition.  He  precipitated  the  colouring 
matter,  from  an  aqueous  cochineal  extract,  in 
the  form  of  its  lead  compound,  suspended  this 
in  water,  and  decomposed  it  with  sulphuretted 
hydrogen.  The  carminic  acid  thus  liberated 
dissolved  in  the  water  and  was  recovered  from 
this  solution  by  evaporation  at  a low  temperature. 
The  product,  dissolved  in  alcohol,  was  treated 
with  ether  to  precipitate  certain  impurities,  and 
the  liquid  partially  evaporated,  when,  on  cooling, 
a crystalline  mass  was  obtained,  which  Schiitzen- 
berger  considered  to  consist  of  two  substances, 
carminic  acid,  CgHgOg,  and  oxycarminio  acid, 
OgHgOg,  the  latter  being  distinguished  by  its 
solubility  in  ether. 

Schaller  (J.  1864,  410),  who  prepared  car- 
minic acid  by  the  same  method,  assigned  to  it, 
however,  the  formula  CgHgOg. 

The  work  of  Hlasiwetz  and  Grabowski  (An- 
nalen, 141,  329)  indicated  that  carminic  acid 
was  a glucoside  which  could  be  decomposed  into 
a sugar  and  a new  colouring  matter,  carmine  red — 

Cj,H„0.<,+2Hj0=C„H„0,+C,Hi„0, 

Carminic  acid.  Carmine  red.  Sugar. 

but  according  to  Liebermann  (Ber.  18,  1969  ; 
Will  and  Leymann,  ibid.  18,  318 ; and  Von 
Miller  and  Rohde,  ibid.  26,  2647),  this  is  in- 
correct. 

Coccinin,  according  to  Hlasiwetz  and  Grabow- 
ski, is  produced  when  carminic  acid  is  fused  with 
caustic  potash.  It  crystallises  from  alcohol  in 
straw-yellow  needles  or  leaflets,  dissolves  in 
alkalis  with  a yellow  colour,  which,  by  air 
oxidation,  develops  first  a green,  then  violet, 
and,  finally,  a purple  tint.  The  analyses  of  this 
substance  were  in  agreement  with  the  formula 
C'i4lli206. 

Ruficoccin. — By  heating  carminic  acid  with 
sulphuric  acid  to  130°-440°C.,  Liebermann  and 
van  Dorp  (Annalen,  163,  105)  obtained  a new 
colouring  matter  ruficoccin,  CigHjgOg,  and  this 
consisted  of  a bright-red  powder,  sparingly 
soluble  in  hot  water  and  ether,  with  a greenish- 
yellow  fluorescence.  On  distillation  with  zinc- 
dust,  it  yielded  a colourless  crystalline  hydro- 
carbon, CjgHja,  melting-point  183°-188°C.,  from 
which,  by  oxidation,  a quinone  melting  at  250° 
C.  could  be  produced. 

Fiirth,  somewhat  later  (Ber.  16,  2169), 
prepared  the  same  hydrocarbon  by  the  distil- 
lation of  both  cochineal  carmine  and  coccinin 
with  zinc-dust. 

Ruficarmine,  CigHjaGg,  can  be  obtained, 
according  to  Liebermann  and  van  Dorp,  by 
heating  carminic  acid  with  water  in  a sealed 
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tube  at  200°C.  It  consists  of  a carmine -red 
powder,  easily  soluble  in  alcohol. 

In  view  of  the  uncertainty  existing  as  to  the 
percentage  composition  of  carminic  acid,  Schunck 
and  Marschlewski  (Ber.  27,  2980)  submitted  this 
substance  to  an  elaborate  process  of  purification, 
and,  using  in  their  operations  as  low  a tempera- 
ture as  possible,  obtained  a product  which  crystal- 
lised from  alcohol  in  red  prismatic  needles. 
Their  analyses  agreed  closely  with  that  required 
by  the  formula  CiiHj20g,  and  the  percentage 
composition  approximately  with  the  figures 
given  by  Warren  de  la  Hue,  and  also  by  Schutzen- 
berger. 

On  the  other  hand,  analyses  by  Miller  and 
Rohde  (Ber.  30,  1762)  pointed  to  the  formula 
CjaHijO^  or  (Ci2Hii07)2,  but  according  to  the 
more  recent  work  of  Liebermann,  Horing  and 
Wiedermann  (Ber.  1900,  33,  149),  it  now  appears 
that  the  correct  formula  for  carminic  acid  is 
C2,H220,3. 

The  most  simple  method  of  purification  of 
carminic  acid  is  that  devised  by  Miller  and 
Rohde.  A solution  of  the  crude  colouring 
matter  in  five  times  its  weight  of  water  is  diluted 
with  four  times  its  volume  of  acetic  acid.  The 
filtered  liquid,  on  standing  over  sulphuric  acid, 
gradually  deposits  the  carminic  acid  in  a crystal- 
line condition. 

Carminic  acid  crystallises  in  red  prisms,  easily 
soluble  in  water  and  alcohol,  with  a purple-red 
colour.  It  possesses  no  melting-point,  but 
darkens  at  130°,  and  at  250°  becomes  quite  black. 

By  the  action  of  alcoholic  potassium  acetate, 
carminic  acid  (Perkin  and  Wilson,  Chem.  Soc. 
Trans.  1903,  83,  139)  yields  two  potassium  salts, 
viz.  ; — 

Monopotassium  carminate  C22H21O13K, 
which  is  red  coloured  ; and 

Dipotassium  carminate  C22H20O13K2,  soluble 
in  water  with  a violet -red  colouration. 

Hexabenzoylcarminic acid  C22Hje0j3(C7H50)6, 
obtained  by  digesting  carminic  acid  with  ben- 
zoyl chloride  (Liebermann,  Horing  and  Wieder- 
mann), is  an  orange-coloured  powder,  easily 
soluble  in  benzene. 

Octacetylcarminic  acid  C22Hj40i3(C2H30)8, 
crystallises  in  golden-yellow  needles,  melting- 
point  155°-165°,  and  is  readily  prepared  by  the 
action  of  acetic  anhydride  in  presence  of  zinc 
chloride  or  sulphuric  acid  on  carminic  acid 
(Miller  and  Rohde). 

Constitution  of  Carminic  Acid. — Nitrococcussic 
acid  was  obtained  by  W.  de  la  Rue  from  carminic 
acid  by  the  prolonged  action  of  boiling  nitric 
acid.  It  was  subsequently  studied  by  v.  Kosta- 
necki  and  Niementowski  (Ber.  18,  250),  and 
was  found  to  be  identical  with  the  trinitrocreso- 
tinic  acid,  of  the  following  constitution  : — 

CH 


OHL  ;COOH 
N02 

When  carminic  acid  dissolved  in  50  p.c. 
acetic  acid  is  treated  with  an  excess  of  bromine, 
and  the  solution  digested  at  the  boiling  heat, 
two  substances,  known  as  a-  and  )8-bromcar- 
minesy  are  produced  (Will  and  Leymann,  Ber. 
18,  3180). 

a-Bromcarmine  CiQH4Br403,  the  more  spar- 


ingly soluble  substance,  crystallises  in  colourless 
needles,  and  melts  at  247°-248°,  with  decom- 
position. When  oxidised  with  potassium  per- 
manganate in  alkaline  solution,  it  gives  dibrom- 
methylhydroxyaldehydobenzoic  acid — 

CH3 

Brj^— COH 
OH'\^— COOH 
Br 

and  dibrommethylhydroxyphtTialic  anhydride — 

CH, 


ohI  i— co^ 


On  treatment  with  hot  caustic  soda  solution, 
a-bromcarmine  yields,  in  addition  to  a purple- 
red  colouring  matter,  dibrommethylhydroxy- 
phthalic  acid,  and  bromoform  (Miller  and  Rohde). 
As  a result  of  this  reaction,  these  authors  assigned 
to  a-bromcarmine  the  constitution  of  a methyl- 
hydroxytetrabromdiketohydrindene — 

CH3 

OH\/^— CO/ 

Br 

for  Zincke  (Ber.  20,  3227  ; 21,  2388)  had  pre- 
viously shown  that  dibromdiketohydrindene 
itself — 


QJo>b--= 


under  similar  treatment  yields  both  phthalic 
acid  and  bromoform. 

^-Bromcarmine  Ci4H5Br304  is  obtained  as 
a yellow  amorphous  powder,  easily  soluble  in 
alcohol  (Will  and  Leymann),  and  is  best  purified 
by  means  of  its  potassium  salt.  Crystallised 
from  acetone,  it  separates  in  orange  needles, 
melting  at  232°  (Will  and  Leymann)  or  288° 
(Miller  and  Rohde).  By  the  action  of  bromine 
in  the  presence  of  50  p.c.  acetic  acid  solution, 
it  is  converted  into  a-bromcarmine.  As  a result 
of  their  investigation.  Miller  and  Rohde  ascribed 
to  j8-bromcarmine  the  constitution  of  a methyldi- 
hydroxytribrom-a-naphihaquinone,  possessing  one 
of  the  following  formulae  : — 

CH3  0 


or 


This  suggestion  was  supported  by  the  fact 
that  bromoxynaphthaquinone  (1),  on  treatment 
with  bromine  and  caustic  soda  solution,  is  con- 
verted into  dibromdiketohydrindene  (2)  (Zincke, 
loc.  cit) — 

0 


Additional  support  for  this  view  was  obtained 
by  a study  of  the  behaviour  of  )8-bromcarmine 
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with  zinc-dust  in  alcoholic  solution.  Thus  the 
acetyl  compound  of  the  reduction  product, 
melting-point  206°,  gave,  on  analysis,  numbers 
agreeing  with  those  of  the  acetyl  derivative  of 
a methyldibromdiliydroxynaphthahydroqui'iione, 
possessing  the  following  formula  : — 


CH3  OH 


Br  OH 


From  a consideration  of  the  points  above 
enumerated,  Miller  and  Rohde  considered  that 
the  constitution  of  carminic  acid  could  be 
represented  by  one  or  other  of  the  following 
expressions  : — • 


CH3  0 CH3  0 


As,  however,  such  formulae  require  C = 64‘7 
p.c.,  H=3’92  p.c.,  figures  which  are  much  higher 
than  those  given  by  the  analysis  of  carminic 
acid  itself,  these  authors  suggested  the  addition 
of  two  molecules  of  water  of  hydration,  as  shown 
below — 


OH  OH 
CH3  \/ 


OH  OH 


A substance  of  this  constitution  would 
require  C=55  p.c.,  and  H=5  p.c. 

Somewhat  later,  Liebermann  and  Voswinkel 
(Ber.  30,  688)  studied  the  oxidation  of  carminic 
acid  with  alkaline  potassium  permanganate  at 
the  ordinary  temperature,  and  in  this  "way 
succeeded  in  producing  two  important  acids. 

Cochenillic  acid,  CjoHfjOy,  crystallises  in 
colourless  needles,  which  melt  at  224°-225°  with 
evolution  of  00^.  It  is  tribasic,  and  at  260°  is 
converted  into  hydroxymethylplithalic  anhydride 
(1).  When  heated  with  water  in  a sealed  tube 
at  210°  it  yields  symmetrical  cresotinic  acid  (2) — 


CH, 


(2) 


— CO^ 


>0 


CH3 

(3)  AcOOH 

' OH  V 

COOH 


and  in  the  same  manner  at  a lower  temperature, 
170°,  gives  a-coccinic  acid  or  m-hydroxyuvitic 
acid  (3).  The  constitution  of  cochenillic  acid 
is  therefore  as  follows  : — 


CH3 

1^— COOH 
OH^/LcOOH 
COOH 

VoL  ll~T. 


a-Coccinic  acid  CgHgOg,  the  second  product 
of  the  oxidation,  which,  as  already  indicated, 
can  also  be  j^repared  from  cochenillic  acid, 
proved  to  be  identical  with  the  hydroxyuvitinic 
acid  of  Oppenheim  and  Pfaff  (Ber.  7,  929).  It 
consists  of  colourless  needles,  melting-point  239°. 

Liebermann  {ihid.  30,  1731),  whilst  agreeing 
with  the  diketohydrindene  constitution  which 
had  been  assigned  to  a-bromcarmine  by  Miller 
and  Rohde,  considered  that  j8-bromcarmine  was 
an  indone  rather  than  a naphthoquinone  de- 
rivative, and  could  be  better  represented  as 
follows  : — 


CO— 0 


It  was  probable,  indeed,  that  carminic  acid 
itself  was  a hydrindene  or  bishydrindene  de- 
rivative, and  the  following  constitutions  were  at 
the  time  suggested  for  it-^ 


HO 
COOH 


CHOH 


)CHOH 


CHOH 


or 


CH3  CHOH 


COOH  CHOH 


OH  HO 


CHOH  CH, 


'OH 
CHOH  COOH 


In  a subsequent  paper,  however,  Liebermann 
and  Voswinkel  (Ber.  37,  3344)  consider  that 
carminic  acid  is  possibly  a tetrahydrate  of  a- 
dimethyldihydroxynaphthaceneqiiinonedicarhoxylic 
acid — 


(OB),  {OB), 

CH3  / C \ /C , COOH 

/ \CH-^  \ 


OH 


/CH.  /\y 
COOH  ^ CH^  \C  / CH3 
I (OB,) 

OH 


OH 


and  it  was  observed  that  the  dimethyltetrahy- 
droxynaphthacenequinone — 


CH 


OH 

3 A £0 


OH 


\/X0H 


XcXXcoXX. 

• CH 

OH 


prepared  by  these  authors  not  only  jiossessed 
weak  tinctorial  property  of  a cochineal-like 
character,  but  in  several  respects  closely  re- 
sembled carminic  acid  itself. 

Rohde  and  Dorfmiiller  (Ber.  1910,  33,  1363) 
further  examined  j8-bromo- carmine,  and  ob- 
tained results  which  support  the  naphthoquinone 
constitution  assigned  to  it  by  Miller  and  Rohde 
{loc.  cit.),  but  disprove  Liebermann’s  contention 
that  it  is  a derivative  of  indone.  By  reduction 
with  zinc -dust  and  acetic  acid  and  subsequent 

X 
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acetylation,  ^Q-bromo- carmine  gives  the  com- 
pound Ci7Hi406Br2 — 

CH3  O-COCH^ 


I I 

Br  O-COCHg 

colourless  needles,  m.p.  208°C. 

Simultaneous  hydrolysis  and  oxidation  con- 
verts this  into  the  substance 


CH3  0 

I II 


I II 

Br  0 


orange  prisms,  m.p.  258°C.  ; and  it  thus 
appears  that  by  the  latter  treatment  an  hy- 
droxyl has  entered  the  quinone  nucleus.  The 
diacetyl  derivative  melts  at  233°C.  When 
distilled  with  zinc-dust,  this  product,  and  also 
yS-bromo-carmine  itself,  give  naphthalene. 

A valuable  contribution  to  the  subject  was 
made  by  Dimroth  (Ber.  1909,  42,  1611),  who 
studied  the  oxidation  of  carminic  acid  with 
potassium  permanganate  at  0°  in  presence  of 
sulphuric  acid.  The  solution  thus  obtained 
gave  nothing  to  ether,  but  on  heating  for  three- 
quarters  of  an  hour  at  90°,  it  evolved  carbon 
dioxide,  and  ether  then  extracted  carminazarin. 

Carminazarin  crystallises  from  water  in 
garnet-red  needles,  decomposing  at  240°-250°. 
It  possesses  the  constitution  (1),  and  is  very 
similar  to  ^sonaphthazarin  (2) — 

CH3  O 

(1) 

COOH  O 


Its  alkaline  solution  when  treated  with  a 
stream  of  oxygen,  is  quickly  decolourised  with 
formation  of  5 : Q>-dicarhoxy-4:-hydroxy-o-tolylgly- 
oxulio  acid — 

CH3 

^-CO-COOH 
OH  -COOH 
COOH 


A further  point  of  resemblance  of  carmin- 
azarine  to  isonaphthazarine  is  shown  by  its 
behaviour  with  nitric  acid  in  glacial  acetic  acid, 
for  whereas  the  latter  gives  tetraketotetrahydro- 
naphthalene,  the  former  yields  the  analogous 
Carminazarinquinone  crystallising  in  colourless 


prisms — 


CH3  O 


ohU\/ 

COOH  O 


0 

0’ 


2H2O 


and  which,  when  heated  with  water  or  acetic 
acid,  passes  back  to  carminazarin. 

The  intermediate  product  formed  by  the 
oxidation  of  carminic  acid  with  permanganate 
at  0°  insoluble  in  ether,  and  which,  on  heating,  j 
is  transformed  into  carminazarin,  is  termed  by  ! 


Dimroth  carminoquinone.  The  constitutions 
assigned  to  this  substance  (1)  and  tentatively 
to  carminic  acid  (2)  are  given  below — 


(1) 


CH3  0 


COOH  0 


CH,  0 


(2) 


^OH 


OHN^^X^^’CjoHigO^ 

COOH  0 


Carminie  acid  was,  therefore,  not  a sym- 
metrical compound,  and  the  nature  of  the  group 
CioHjgO,  was  not  then  determined.  At  the 
time,  Dimroth  considered  that  the  coccinin 
(see  above)  of  Hlasiwetz  and  Grabowski,  and 
which  is  prepared  by  fusing  carminic  acid  with 
potassium  hydrate,  had  probably  the  constitu- 
tion of  a tetrahydroxymethylna'philialene — 


CH3 

1 

OH 

1 

CH3  OH 

1 1 

A 

OH 

1 1 
/\/\ 

HO— IJ, 

V 

1 

OH 

OH 

Later,  Dimroth  (Annalen,  1913,  399,  1)  re- 
examined this  product  in  detail,  preparing  it  by 
fusing  carminic  acid  with  caustic  potash  at 
170°-200°C.  To  it  he  gave  the  formula  Cj^Hj^Og, 
and  described  the  pale  yellow  crystalline  tetra- 
acetyl  derivative,  Ci7HjqOq(CH3CO)4,  m.p.  242°- 
244°C. 

When  coccinin  was  oxidised  by  means  of  air, 
or  oxygen,  in  alkaline  solution  (6  p.c.  NaOH), 
the  colour  changes  above  described  occurred, 
and  when  the  pure  violet  colour  had  been  ob- 
tained, acidification  with  hydrochloric  acid 
yielded  a substance  coccinone,  C47H12O7,  which 
forms  dark  brown  glistening  crystals  and 
decomposes  at  250°C.  ; it  yields  a tri-acetyl 
derivative,Q-^^^li^O^{GH.^CO)^,  orange-red  crystals, 
m.p.  210°C.,  and  also  forms  three  different  barium 
salts  (one  of  which  has  a composition  analogous 
to  the  sodium  hydrogen  salt  of  2 : 6-dihydroxy- 
8-methyl-a-naphtho-quinone-3  : 5-dicarboxylic 
acid).  Coccinone  is  reconverted  into  coccinin 
by  reduction  with  zinc -dust  and  ammonia ; on 
the  other  hand,  alkaline  oxidation  by  means  of 
hydrogen  peroxide  below  20°C.  gives  rise  to  * 
two  products,  (i)  cochenillic  acid,  and  (ii)  an 
unexamined  acid. 

Dimroth  now  formed  the  opinion  that  coc- 
cinin and  coccinone  are  derivatives  of  anthranol 
and  anthraquinone  respectively,  and  the  position 
of  one  of  the  hydroxy,  methyl,  and  carboxyl 
groups  in  coccinone  is  made  clear  by  the  pro- 
duction from  it  of  cochenillic  acid.  To  coccinone 
Dimroth  ascribes  the  structure — 


CeHMe(OH)2 


/ 


0 

11 

Cx 


11 

o 


CH3 


COOH 
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and  to  coccinin  either  the  structure 

OH  CH, 

1 

C,HMe(OH)2 


'—OH 


H COOH 


or 


OeHMe(OH) 


OH  COOH 

OH 


When  heated  with  water  at  200° — or  dilute 
sulphuric  acid  at  170°C. — coccinone  loses  carbon 
dioxide,  yielding  decarboxy -coccinone.  to  which 
the  structure — 


0 CH3 


II 

0 


is  given  ; it  forms  red- brown  crystals,  and  dis- 
solves in  alkalis  to  form  purple-red  solutions, 
and  in  concentrated  sulphuric  acid  with  a blue 
colour  which  becomes  violet  on  addition  of 
boric  acid. 

Not  only  coccinin,  but  carminic  acid  itself, 
has  been  further  examined  by  Dimroth  (Zoc.  cit. ), 
and  as  a result  he  considers  that  this  substance 
is  also  a derivative  of  anthraquinone.  He  has 
oxidised  carminic  acid  by  means  of  hydrogen 
peroxide  in  aqueous  caustic  soda,  using  cobalt 
sulphate  as  catalyst,  and  in  this  way  obtained 
in  the  first  instance  carminoquinone,  but  the 
reaction  proceeded  further  with  the  formation, 
after  acidification  with  80  p.c.  acetic  acid,  of  a 
yellow  crystalline  compound,  CasHigOmNaa, 
SHgO,  which,  when  triturated  at  ()°C.  with 
dilute  hydrochloric  acid,  yielded  2 : Q-dihydroxy- 
%-methyl-a-naphthoquinone-Z  : 6-dicarboxylic  acid  : 
pale  yellow,  hygroscopic  crystals — 

CH3  0 

I II 

OH 

HO— COOH 

Y li 

HOOC  0 

trisodimn  salt,  Ci3H508Na3,4H20,  orange 
needles. 

The  orientation  of  this  acid  has  been  estab- 
lished by  Dimroth  by  comparison  of  its  colour 
reactions  with  those  of  2 : %-dihydToxy-a- 
naphthoquinone,  synthetically  prepared  by  Dim- 
roth and  Kerkovius,  as  also  by  its  conversion 
into  carminazarin  by  treatment  with  acid  per- 
manganate. Moreover,  the  structure  previously 
assigned  by  Dimroth  to  carminazarin,  viz. 
2:3:  6-trihydroxy-8-methyl-a-naphthoquinone- 


5-carboxylic  acid,  has  been  supported  by  con- 
version of  carminazarin- quinone — the  ox:idation 
product  of  carminazarin — into  a diphenazin, 
C24H24O3N4,  by  treatment  with  an  alcoholic 
solution  of  o-phenylene- diamine.  The  product 
crystallises  in  yellow  needles,  and  yields  an 
acetyl  derivative,  C26H2e04N4. 

When  2 : 6-dihydroxy-8-methyl-a-naphtho- 
quinone-3  : 5-dicarboxylic  acid — the  oxidation 
product  of  carminic  acid  referred  to  above- — is 
warmed  with  water,  carbon- dioxide  is  eliminated 
with  the  production  of  2 : Q-diliydroxy-^-methyl- 
a-naplithoquinone-6-carhoxylic  acid : brown-yel- 
low needles — 


CH3  0 


11 


HOOC  0 


potassium  salt,  Ci.gHyOgK,  lemon-yellow  crystals  ; 
dipotassium  derivative,  C12H6O6K2,  orange-red 
crystals. 

This  compound  when  brominated  in  glacial 
acetic  acid  at  40°  yields  a monobrom  derivative, 
yellow  needles,  m.p.  240°-244°, 

CH3  0 

I I! 

Br— OH 

I 'll 

HOOC  0 


which  on  treatment  with  hydrobromic  acid 
yields  a-bromo-carmin,  whilst  with  bromine  in 
cold  methyl  alcohol,  the  product  is  /S-bromo- 
carmin  (Will  and  Leymann),  which  proves  that 
this  body  has  the  structure 


CH3  0 

1 II 


I II 

Br  O 


assigned  to  it  by  Miller  and  Rohde. 

Beyond  the  above-mentioned  decomposition 
products  of  carminic  acid,  Dimroth  has  obtained 
a 5 p.c.  yield  of  hydrocarbons  of  the  anthra- 
cene series  by  distillation  with  zinc-dust  in  an 
atmosphere  of  hydrogen.  After  oxidation 
of  the  mixture  of  hydrocarbons  he  isolated 
anthraquinone,  and  possibly  a- methyl- anthra- 
quinone. 

By  treatment  of  carminic  acid  with  boiling 
dilute  sulphuric  acid,  Dimroth  has  also  ob- 
tained a 10  p.c.  yield  of  trihydroxy-methyl- 
anthraquinone  carboxylic  acid  (C26H2QO7), 
needles,  melting-point  above  300°,  and  this  acid 
when  heated  with  water  at  230°-240°,  passes 
into  trihydroxy-methyl-anthraquinone  by  loss 
of  carbon  dioxide. 

Dimroth  considered  the  possibility  that  the 
anthraquinone  nucleus  is  produced  during  the 
reactions  described  above,  but  concluded  that 
this  is  not  the  case,  and  that  it  is  present  as  such 
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both  in  carminic  acid  and  coccinin.  Dimroth 
formulates  carminic  acid  thus — 

CHg  O 

'jCgHigOg 

(OH 
(OH 

Jh 

I il 

HOOC  O 

On  the  other  hand,  C.  and  H.  Liebermann 
(Ber.  1914,  47,  1213)  bring  forward  arguments, 
chiefly  the  smallness  of  the  yield  of  anthra- 
quinone  or  anthracene  derivatives  obtained  by 
Dimroth,  in  favour  of  the  view  that  the  anthra- 
cene nucleus  is  formed  during  the  degradation 
reactions. 

These  authors  have  also  re-examined  the 
‘ ruficoccin  ’ of  Liebermann  and  van  Dorp  {see 
above),  and  conclude  that  it  consists  of  a mixture 
of  trihydroxy-methyl-anthraquinone  carboxylic 
acid,  and  trihydroxy-methyl-anthraquinone, 
which  is  confirmation  of  the  work  of  Dimroth. 
Incidentally  they  described  carminic  anhydride, 
C22H20O12J  prepared  by  heating  carminic  acid 
with  thionyl  chloride — vivid  red  powder,  re- 
sembling carminic  acid,  though  less  soluble. 
It  is  reconverted  into  the  latter  by  the  action  of 
aqueous  alkalis. 

Technical  Preparations  of  Cochineal. — 
Ammoniacal  Cochineal. — When  a solution  of 
carminic  acid  in  ammonia  is  allowed  to  stand 
for  some  time,  there  is  formed  a new  compound, 
which  appears  to  consist  of  carminic  acid  in 
which  one  of  the  hydroxyls  has  been  replaced 
by  an  amino  group.  The  formula  assigned  to 
this  substance  by  Schiitzenberger  was  C9H9NO4. 
This  reaction,  long  known,  has  been  utilised  for 
the  production  of  a new  colouring  matter  termed 
ammoniacal  cochineal,  or  carminamide,  and  this 
comes  into  commerce  either  as  cakes  or  in  the 
form  of  a paste. 

The  first  variety  is  usually  preparea  by 
allowing  one  part  of  cochineal  to  stand  in  a 
closed  vessel  for  three  months  with  three  parts 
of  ammonia.  The  clear  liquid  is  decanted, 
treated  with  about  half  its  weight  of  gelatinous 
alumina,  evaporated,  and  when  the  mass  has 
become  thick,  it  is  cut  up  into  cakes  and  dried. 

The  paste  is  manufactured  in  a somewhat 
similar  manner,  the  ammonia,  however,  being 
only  allowed  to  react  for  eight  days.  The  clear 
liquid  is  then  evaporated  to  about  one-third  its 
bulk  without  addition  of  alumina  (Crookes, 
Dyeing  and  Calico  Printing). 

Ammoniacal  cochineal  dyes  much  bluer  shades 
than  cochineal  itself,  and  it  is  sometimes  em- 
ployed in  conjunction  with  the  latter.  Its  use 
is  now  very  limited,  but  it  finds  some  application 
in  the  blueing  of  bleached  cotton. 

Dyeing  Properties  of  Cochineal. — Cochineal 
has  been  little  employed  in  cotton  dyeing,  but 
was  very  largely  used  in  silk  and  wool  dyeing. 
It  has  now  been  practically  replaced  by  the 
azo-scarlets. 

Two  shades  of  red  are  obtained  upon  wool 
with  cochineal,  namely,  crimson,  which  is 
produced  by  means  of  aluminium  sulphate, 
and  a very  fiery  scarlet,  for  which  stannous  and 
sometimes  stannic  chlorides  are  employed. 

For  crimson,  wool  is  mordanted  with  alu- 
minium sulphate  and  tartar,  and  is  then  dyed 


in  a separate  bath  with  cochineal.  The  em- 
ployment of  calcium  salts  in  the  dyeing  operation 
is  not  beneficial.  Fairly  good  shades  of  crimson 
can  also  be  obtamed  by  mordanting  and  dyeing 
in  a single  bath  with  aluminium  sulphate,  oxalic 
acid,  and  cochineal.  For  scarlet,  wool  can  be 
mordanted  with  stannous  chloride  and  tartar, 
and  dyed  in  a separate  bath  with  cochineal.  A 
single-bath  method,  employing  stannous  chloride, 
oxalic  acid,  and  cochineal,  has,  however,  been 
very  largely  used  for  this  purpose.  On  the 
other  hand,  preparations  of  stannic  chloride, 
known  as  ‘ tin  spirits,’  ‘ scarlet  spirits,’  and 
‘ nitrate  of  tin,’  are  and  have  been  much  em- 
ployed by  dyers  of  cochineal  scarlet.  Though, 
when  used  alone,  stannic  chloride  does  not  give 
such  brilliant  shades  as  the  stannous  mordant,  a 
mixture  of  both  is  considered  to  be  beneficial. 
For  very  yellow  shades  of  scarlet,  yellow  colour- 
ing matters  can  be  added  to  the  cochineal  dye- 
bath,  and  of  these  ‘ flavine  ’ has  been  employed 
to  a considerable  extent. 

Cochineal  red  on  wool  possesses  considerable 
fastness  to  light,  but  has  the  defect  that  weak 
alkalis  and  soap  cause  it  to  acquire  a duller  or 
more  bluish  shade. 

'V\^ool  mordanted  with  potassium  dichromate 
gives  with  cochineal  a good  purple  colour, 
whereas  with  ferrous  sulphate  and  tartar, 
purplish,  slate,  or  lilac  colours  can  be  produced. 
These  mordants,  however,  are  not  employed  in 
practice.  A good  crimson  shade  is  produced  by 
mordanting  silk  with  alum,  and  dyeing  with  an 
extract  of  cochineal.  In  scarlet  dyeing,  silk  is 
preferably  first  dyed  yellow,  then  mordanted 
with  ‘ nitromuriate  of  tin,’  and  finally  dyed  in 
a second  bath  with  the  assistance  of  cream  of 
tartar.  Silk  can  also  be  dyed  in  a single  bath 
with  cochineal,  stannous  chloride,  and  oxalic 
acid.  A.  G.  P.  & A.  E.  E. 

COCHINEAL  CARMINE  v.  Lakes. 


COCHINEAL  RED,  SCARLET  v.  Azo-  col- 

OtrniNG  MATTERS. 


COCHINEAL  WAX  and  FAT.  The  wax  is 

obtained  by  extracting  the  cochineal  with 
benzene,  and  consists  almost  entirely  of  a sub- 
stance to  which  Liebermann  gave  the  name  i 
coccerin.  After  the  removal  of  the  coccerin,  the 
fat  is  extracted  with  ether  ; it  consists  of  myristin 
and  an  oil  containing  fatty  acids.  The  follow- 
ing are  the  percentages  of  coccerin  in  various 
samples  of  cochineal  (extracted  whole  with 
benzene) : I 


Silver  cochineal 

1*0 

Mexican  silver  cochineal 

1-7 

Teneriffe  silver  cochineal  . 

2*0 

Zaccatille 

0*5 

Teneriffe  black  cochineal  . 

0*7-10 

Mexican  black  cochineal 

1*5 

Granilla  .... 

4*2 

p.c 

5 J 

J? 


By  powdering  the  cochineal  before  extrac-  ; 
tion,  the  percentage  is  increased  by  about  one-  ■ 
half,  except  in  the  case  of  Granilla,  where  the  | 
granules  are  exceedingly  small.  The  percentage 
of  myristin  is  on  the  average  about  l‘5-2’0,  and 
of  fluid  fat  and  fatty  acids  4*0-6 '0,  so  that  the 
average  total  quantity  of  wax  and  fat  contained  i 
in  a silver  cochineal  is  about  12  p.c.  After  1 
recrystallising  from  benzene  or  acetic  acid, 
coccerin  forms  thin  glistening  plates  of  melting- 
point  106°.  It  is  sparingly  soluble  in  all  cold  i 
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solvents,  and  nearly  insoluble  in  alcohol  and 
ether.  It  has  theconstitutionC3oHgo(C3iHgi03)2. 
On  saponification  with  alcoholic  potash,  it  gives 
cocceryl  alcohol  C3oHeo(OH)2  and  cocceric  acid 
C3iHg203.  The  alcohol  forms  a white  crystalline 
powder  of  m.p. , 101°-104°.  The  acid  melts  at 
93°,  and  is  soluble  in  hot  alcohol,  benzene,  &c.  ; 
its  ethyl  ether  melts  at  about  70°.  The  myristin 
C3Hg(0Ci4H2  70)3  forms  colourless  crystals  of 
m.p.  55°,  easily  soluble  in  warm  alcohol,  &c.  ; 
on  saponification  it  gives  glycerol  and  myristic 
acid  C14H2SO2  of  m.p.  54°,  and  b.p.  248°  at 
100  mm.  (J.  Soc.  Chem.  Ind.  4,  585). 
COCflINEALIC  ACID  1;.  Cochineal. 

COCINIC  ACID  V.  Hendecatoic  acids. 

COCOA.  The  cocoa  tree  is  an  evergreen 
shrub,  indigenous  to  Mexico  and  the  tropical 
regions  of  Central  America,  whence  it  was 
introduced  into  Europe  by  the  Spaniards.  It 
belongs  to  the  natural  order  Sterculiacece,  and 
comprises  several  species,  that  most  highly 
valued  and  cultivated  being  the  Theobroma 
cacao,  so  called  by  Linnaeus,  from  Oeos  (god) 
and  ^pcofxa  (food),  in  allusion  to  the  esteem 
and  almost  veneration  in  which  the  beverage 
prepared  from  its  seeds  was  held  by  the  natives 
of  Central  America,  and  ‘ cacao,’  the  name  by 
which  it  was  originally  known.  The  seeds  were 
used  as  a kind  of  money  even  down  to  the  time 
of  Humboldt’s  visit  to  Mexico. 

The  tree  grows  to  a height  of  from  12  to  40 
feet,  the  average  being  about  25  feet,  but  in 
plantations  it  rarely  exceeds  18  feet.  It  flourishes 
best  in  a moist  and  warm  climate,  in  latitudes 
between  25°  north  or  south  of  the  equator,  and 
at  altitudes  up  to  1000  feet.  It  is  now  cultivated 
more  or  less  extensively  in  Brazil,  Caraccas, 
Central  America,  Ecuador,  Essiquibo,  Grenada, 
Guayaquil,  Peru,  Trinidad,  Venezuela,  and  in 
the  West  Indies  (particularly  Jamaica,  Dominica, 
and  St.  Lucia) ; also  in  Ceylon,  the  East  Indies, 
the  Philippines,  Mauritius,  Madagascar,  San 
Thome,  Gold  Coast,  Cameroons,  and  to  some 
extent  in  Australia. 

The  cocoa  tree  begins  to  bear  fruit  when  3 
years  old,  and  attains  its  full  productiveness 
when  7 or  8 years  old,  but  a healthy  tree  will 
bear  for  40  or  50  years.  Eruit  is  produced  all 
the  year  round,  but  harvesting  usually  takes 
place  only  twice  a year — from  February  to 
April,  and  again  in  October  and  November. 

The  fruit  consists  of  an  elongated  pod,  in 
shape  between  a melon  and  a cucumber,  measur- 
ing from  5 to  12  inches  in  length,  and  from 
2 to  4 inches  in  diameter,  with  a thick  pericarp 
varying  in  colour  from  yellow  or  red  to  purple, 
according  to  the  variety.  There  are  from 
20  to  40  or  more  seeds  in  a pod  (though  the 
number  is  smaller  in  the  West  Indian  varieties) 
arranged  in  5 longitudinal  rows,  and  embedded 
in  a rose-coloured  mucilaginous  pulp.  When 
fresh  they  are  usually  white  (some  varieties 
purple),  and  have  a bitter  taste,  but  after  dry- 
ing and  exposure  to  the  air  and  light  they 
acquire  a yellow,  red,  or  brown  colour,  and 
become  hard,  brittle,  and  less  bitter.  They  are 
ovate,  compressed,  and  about  the  size  and  shape 
of  haricot  beans  or  olives. 

After  removal  from  the  pods,  the  seeds  or 
beans  are  either  freed  at  once  from  adhering 
pulp  and  dried  in  the  sun  (or  occasionally  by 
artificial  means),  to  produce  ‘ unfermented 


cocoa,’  or  they  are  removed  to  the  ‘ sweating  ’ 
or  curing  house  to  undergo  a process  of  fermen- 
tation before  drying.  Unfermented  cocoa  is 
distinguished  by  its  pale  skin,  which  separates 
with  difficulty  from  the  kernel.  Owing  to  its 
bitter  taste,  it  is  suitable  only  for  use  in  cocoa 
mixtures  containing  starch  and  sugar.  It  is 
quite  unfit  for  chocolate  making,  and  commands 
a lower  price  than  fermented  cocoa. 

To  produce  fermented  cocoa,  the  beans  were 
formerly  buried  in  the  ground,  or  in  trenches 
covered  with  plantain  leaves,  but  in  order  to 
avoid  the  consequent  adherence  of  earthy  matter, 
they  are  now  generally  buried  in  casks  or  boxes, 
or  heated  in  piles  in  sheds,  and  turned  over  once 
or  twice  daily.  The  temperature  rises  consider- 
ably during  fermentation,  and  the  process  re- 
quires great  care  and  skill,  as  on  it  the,  com- 
mercial value  of  the  finished  beans  chiefly 
depends. 

In  the  fermentation — for  which  the  optimum 
temperature  is  35°-40° — alcoholic  fermentation 
is  succeeded  on  the  second  or  third  day  by 
acetic  fermentation ; during  the  subsequent 
drying,  oxidation  of  the  astringent  constituents 
occurs.  The  market  value  of  the  seeds  varies 
inversely  as  their  tannin  content.  When  the 
seeds  contain  over  20  p.c.  of  moisture  butyric 
fermentation  often  occurs  and  causes  mouldiness. 
Oxidation  is  most  rapid  at  50°-60°,  but  must  not 
be  allowed  to  proceed  too  far,  or  loss  of  aroma 
occurs.  For  observations  on  the  fermentation 
of  cocoa,  see  Brill,  J.  Soc.  Chem.  Ind.  1917, 
36,  1245. 

The  objects  arrived  at  in  the  ‘ sweating  ’ 
operations  are  the  loosening  of  the  adherent 
pulp,  the  removal  or  modification  of  the  bitter 
principle,  the  development  of  an  agreeable 
aromatic  odour,  and  the  colouration  of  the  beans 
to  a rich  mahogany  tint.  The  fermentation 
process  generally  lasts  from  2 to  7 days.  In 
some  parts,  as  Trinidad  and  Jamaica,  red  earth 
is  often  employed  to  assist  in  the  removal  of  the 
mucilage  from  the  beans,  which  are  afterwards 
rubbed  clean  and  dried.  Occasionally  Venetian 
red  is  used  to  impart  a uniform  red  tint  to  the 
finished  beans. 

As  the  fermentation  process  produces  consider- 
able change  in  the  composition  of  the  nibs  it  has 
recently  been  replaced  by  treatment  with  a 
1 p.c.  solution  of  sodium  carbonate  for  10  minutes 
at  45°,  whereby  the  beans  are  ‘ stabilised  ’ and 
sterilised.  Cocoa  prepared  in  this  way  is  per- 
fectly stable,  and  contains  no  pre-formed  sugar. 
Theobromine  is  not  present  in  the  free  state, 
but  is  formed  together  with  sugar  and  tannin 
by  hydrolysis  {v.  infra). 

In  the  drying  operation  the  beans  are  spread 
out  in  trays  and  systematically  turned  so  as  to 
expose  every  part  of  the  bean  to  the  light,  and, 
when  thoroughly  air- dried,  are  in  a suitable 
condition  for  shipment. 

The  preliminary  processes  of  manufacture 
consist  in  (a)  sifting  out  sand,  dust,  and  small 
stones  ; (6)  fiching  out  by  hand  the  empty  beans 
and  foreign  matter,  as  larger  stones,  grass,  wood, 
&c.  ; (c)  roasting  ; and  (J)  cleaning,  by  breaking 
up  the  beans  and  removal  of  the  husks  or  shells. 
Berhardt  (Chem.  Zeit.  1889,  32)  ha^  found,  from 
the  results  of  actual  factory  work,  that  the 
losses  in  these  operations  amount  to  2 or  3 p.c. 
in  sifting ; nearly  1 p.c.  in  picking ; about 
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5 p.c.  in  roasting  ; and  12  or  13  p.c.  in  cleaning  ; 
making  a total  loss  of  over  20  p.c. 

The  roasting  process,  which  requires  great 
care,  skill,  and  experience  on  the  part  of  the 
operatives  entrusted  with  it,  is  conducted  in 
rotating  cylinders  heated  by  eoke  fires  or  by 
means  of  superheated  steam  in  pipes  lining  the 
cylinders,  to  a temperature  varying  from 
500°  to  600°F.  (160°  to  315°C.).  Uniformity  of 
roasting  is  facilitated  by  grading  the  beans  in 
the  same  operation  to  a uniform  size.  The 
beans  are  then  cooled,  gently  erushed  in  a 
‘ kibbling  mill,’  to  fracture  the  crisp  husk  and 
break  down  the  kernel  into  its  natural  angular 
fragments  or  ‘ nibs,’  after  which  the  nibs,  husks, 
and  hard  rod-shaped  germs  are  separated  by 
winnowing  and  sieving,  and  the  nibs  graded 
into  different  classes  according  to  size. 

The  object  of  roasting  is  to  develop  to  the 
fullest  extent  the  characteristic  aroma  and 
flavour  of  the  cocoa.  This  is  probably  due  to 
the  development  of  a volatile  principle  in  the 
nature  of  an  essential  oil,  somewhat  analogous 
to  the  caffeol  of  coffee  (v.  infra,  Coca-red). 

The  roasted  husks  or  shells  constitute  on  an 
average  about  12  or  13  p.c.  of  the  weight  of  the 
whole  bean,  varying  from  7 or  8 p.c.  in  the 
thin- walled  beans  of,  Ceylon  and  Java  to  18  p.c. 
in  those  of  Trinidad  and  the  West  Indies,  which 
have  a much  thicker  shell.  The  shells  form  a 
low-priced  product  extensively  used,  after 
grinding,  in  the  cheaper  grades  of  cocoa  and 
chocolate,  and  occasionally,  under  the  name  of 
‘ cocoa  tea,’  as  a beverage  which  has  the  taste 
and  flavour  of  weak  cocoa.  Cocoa  shells  have 
proved  to  be  a useful  addition  to  feeding  stuffs, 
especially  for  milch  cows,  and  gave  good  results 
on  the  experimental  farms  of  Canada  when  used 
as  manure.  (For  analysis  of  cocoa  shells,  see 
table  below.) 

The  nibs  enter  into  commerce  as  such,  but 
although  in  this  form  the  consumer  may  be 
assured  of  the  purity  of  the  article,  yet,  owing 
to  the  large  proportion  of  fat  in  them  (about 
half  their  weight)  and  the  difficulty  of  dis- 
integrating them  even  by  boiling  water, 
they  are  hardly  suitable  for  popular  use  as  a 
beverage. 

For  the  manufacture  of  the  various  forms  of 
prepared  cocoa,  the  nibs  are  ground  by  means 
of  millstones  or  steel  mills  so  constructed  as 
gradually  to  reduce  the  cocoa  to  the  finest  and 
smoothest  possible  condition.  If  the  cocoa  is  to 
go  into  consumption  as  ground  nibs  in  powder, 
the  stones  or  rollers  are  kept  cool  during  the 
operation,  but  if,  as  is  usual,  the  ground  cocoa 
is  afterwards  to  be  made  up  into  any  of  the 
numerous  forms  of  prepared  cocoa  or  chocolate, 
the  stones  or  rollers  are  usually  kept  heated 
during  the  grinding.  This  causes  the  fat  to 
melt,  and  the  whole  is  reduced  to  a liquid  mass, 
which  is  run  into  moulds  and  cooled  so  as  to 
form  blocks,  which  are  sold  as  such 'or  kept  as 
stock  for  subsequent  conversion  into  prepared 
cocoa  or  chocolate. 

The  leading  types  of  manufactured  cocoa  are 
flake  cocoa,  rock  cocoa,  and  cocoa  powders  sold 
under  such  names  as  ‘ soluble  ’ cocoa,  and 
‘ extract  ’ oi;  ‘ essence  ’ of  cocoa.  Flake  cocoa  is 
prepared  simply  by  grinding  the  whole  beans  or 
the  nibs  only  in  steel  mills  somewhat  resembling 
those  used  for  grinding  coffee.  Rock  cocoa  is 


made  in  the  form  of  a paste  by  grinding  in  a 
mill  with  heated  stones  or  rollers,  and  with  the  i 
addition  of  sugar  and  starch. 

The  admixture  of  starch  or  other  gelatinising 
substance  tends  to  mask  the  presence  of  the 
fat  and  to  render  the  cocoa  more  readily  miscible  i 
with  boiling  water.  These  mixtures,  sold  under  i 
such  names  as  ‘ homoeopathic,’  ‘ Iceland  moss,’ 
&c.,  are  frequently  described  as  ‘ soluble  cocoa,’  : 
but  this  is  a misnomer,  since  the  absence  of  a i 
sediment  in  the  cup  is  due,  not  to  solution  of  ' 
the  cocoa,  but  to  the  formation  of  an  emulsion, 
which  holds  the  cocoa  in  a finely  divided  state 
suspended  in  the  liquid.  In  some  of  these,  as 
‘ granulated  cocoa,’  ‘ cocoatina,’  &c.,  sugar  is  ^ 
added  as  well  as  starch. 

The  large  proportion  of  fat  (about  50  p.c.), 
being  found  by  many  to  be  difficult  of  digestion, 
is  reduced  in  preparations  intended  for  use  as 
a beverage,  not  only  by  the  addition  of  sugar  c 
and  starch  (which  incidentally  reduces  t^he 
proportion  of  cocoa  present),  but  also  by  the  I 
actual  abstraction  of  fat  to  form  the  so-called  I 
‘ essence  ’ or  ‘ extract  ’ of  cocoa. 

The  partial  extraction  of  the  fat  is  accom- 
plished by  submitting  the  pure  cocoa  paste  i 
enclosed  in  strong  canvas  bags  to  a pressure  of  [ 
1200-1400  lbs.  per  square  inch  in  hydraulic 
presses  heated  to  70°-80°.  The  cocoa  butter  i 
flows  out  through  a special  orifice,  and  is  after- 
wards solidified  into  blocks  or  slabs  ready  for 
use  in  surgical  and  pharmaceutical  preparations, 
for  soap  making,  and  in  the  manufacture  of 
chocolate  confectionery.  The  commercial  value 
of  cocoa  butter  just  before  the  war  was  twice 
that  of  the  raw  bean,  and  this  no  doubt  was  an 
inducement  to  its  removal,  in  addition  to  the 
alleged  purpose  of  making  the  cocoa  more 
digestible. 

To  prepare  the  so-called  ‘ essence  ’ or 
‘ extract  ’ of  cocoa,  the  cakes  of  compressed 
cocoa,  now  containing  only  about  25  p.c.  of 
fat,  are  turned  out  in  a nearly  dry  condition, 
and  ground  to  a fine  powder.  Some  cocoa 
powders  are  said  to  be  rendered  more  digestible 
by  treatment  with  alkalis,  which  soften  the 
cellulose  tissue  and  act  upon  the  fat  so  as  to 
produce  a more  perfect  emulsion  than  that 
obtained  by  other  ‘ soluble  ’ cocoas  prepared 
with  starch ; also  there  is  less  tendency  to 
separation  of  the  melted  fat  in  the  cocoa  bever- 
age. Another  method  is  to  soften  the  tissue  by  i 
heating  in  closed  vessels  with  or  without  water  | 
to  a temperature  of  150°.  In  some  prepara- 
tions, as  ‘ solidified  cocoa,’  the  fat  is  not  removed, 
whilst  a preparation  of  cocoa  practically  free 
from  fat  is  obtained  by  extracting  the  roasted 
and  ground  beans  with  ether  or  benzene.  The 
ordinary  flavouring  materials  are  vanilla  and 
cinnamon,  but  other  spices  and  artificial 
vanilla  are  occasionally  used. 

The  principal  constituents  of  cocoa  are  fat 
(‘  cocoa  butter  ’),  alkaloids,  albuminoids,  starch, 
tannin,  cocoa-red,  and  mineral  matter. 

The  fat,  cocoa  butter,  or  cacao  butter,  oleum, 
theobromce,  is  the  principal  food  constituent  of 
cocoa,  and  forms  from  45-55  p.c.  of  the  husked 
bean.  It  has  a pleasant  taste  and  odour, 
suggestive  of  chocolate.  At  ordinary  tempera- 
tures it  is  a yellowish-white,  somewhat  brittle 
solid,  melting  below  the  temperature  of  the 
body,  viz.  28°-33°,  and  solidifying  at  21°-23°  ; 
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sp.gr.  from  0'95  to  0’97  at  15°,  and  0‘856  at 
100° ; iodine  number  from  33  to  38  ; saponifi- 
cation value,  193-195 ; refractometer  reading 
(Zeiss)  at  40°  is  46-47 '8  ; and  index  of  refraction, 
between  1'4565  and  1*4578  at  40°.  It  is  readily 
soluble  in  ether,  chloroform,  turpentine,  and 
boiling  alcohol,  from  which  it  crystallises  out 
almost  completely  on  cooling.  Chemically,  it  is 
a mixture  of  the  glycerides  of  stearic,  palmitic, 
oleic,  and  arachidic  acids  (Benedikt,  Analyse 
der  Fette  und  Wachsarten).  It  is  sometimes 
adulterated  with  such  substances  as  coco-nut 
oil,  cotton  seed,  and  sesame  oils,  stearin,  tallow, 
and  paraffin  wax.  Illipe  oil  is  often  used  as  a 
substitute  for  cocoa  butter  (which  it  closely 
resembles  in  certain  respects)  in  the  manufacture 
of  chocolate. 


Analyses  of  Raw  Cocoa  Nibs. 


Bell 

j Boussin- 
j gault 

Moisture 

5*23 

7*6 

Fat  .... 

50*44 

49*9 

Starch  .... 
Albuminous  matter  : 

4-20 

2*4 

Soluble 

Insoluble  . 

6*30 

6*96 

1 10*9 

Astringent  principle 

6*71 

0*2 

Gum  .... 

2*17 

2*4 

Cellulose 

6*40 

10*6 

Alkaloids 

0-84 

3*3 

Cocoa-red 

Indefinite  organic  matter 

2-20 

— 

(insoluble) 

5*80 

5*3 

Ash.  .... 

2*75 

4*0 

(Tartaric  acid) 

— 

3*4 

100*00 

100*0 

Alkaloids. — ^Theobromine  C5H2(CH3)2N402, 
or  dimethylxanthine,  is  the  principal  alkaloid  in 
cocoa,  and  is  closely  related  to  the  alkaloid  of 
tea  and  coffee,  caffeine  (trimethylxanthine), 
which  is  also  present  to  a small  extent  in  cocoa. 
Theobromine  crystallises  in  white  microscopic 
needles,  having  a bitter  taste,  and  is  present  in 
cocoa  to  the  extent  of  about  1*5  p.c.  The 
published  analyses  show  variations  from  0*4  to 
3*3  p.c.,  due  to  the  different  methods  of  analysis 
employed.  One  of  the  best  methods  is  that  of 
Becker,  as  modified  by  Welmans  and  Fromme 
(Pharm.  Zeit.  47,  789,  and  858  ; and  Apoth.  Zeit. 
18,  68).  The  caffein  is  usually  included  with 
the  theobromine,  from  which,  however,  it  can 
readily  be  separated  by  means  of  cold  benzene, 
in  which  caffeine  is  soluble,  but  theobromine 
practically  insoluble.  The  amount  of  caffeine 
varies  from  0*1  to  0*3  p.c.  {see  art.  Theorromine). 

According  to  Kreuz,  the  proportions  of 
theobromine  hitherto  shown  in  published 
analyses  represent  only  free  theobromine.  He 
maintains  that  part  of  the  alkaloid  is  combined 
and  is  not  extracted  until  the  cocoa  has  been 
subjected  to  hydrolysis.  By  this  method 
Kreuz  found  from  2*8  to  5*1  p.c.  of  theobromine 
in  cocoa  beans  (Zeitsch.  Nahr.  Genussm.  1909, 
17,  526-7). 

Albuminoids. — ^These  have  been  but  little 
studied,  but  Stutzer  (Zeitsch.  angew.  Chem. 


1891,  368)  has  classified  the  nitrogenous  con- 
stituents of  cocoa  as  follows  : — 

(1)  Non-proteids,  substances  soluble  in  neu- 
tral water  solution  in  presence  of  coppes 
hydroxide  (theobromine,  ammonia,  £Cnd  amino- 
compounds). 

(2)  Digestible  albumen,  insoluble  in  neutral 
water  solution  in  presence  of  copper  hydroxide, 
but  soluble  when  treated  successively  with 
gastric  juice  and  alkaline  pancreas  extract. 

(3)  Insoluble  and  indigestible  nitrogenous 
substances. 

According  to  Stutzer’s  analyses,  the  propor- 
tion of  albuminoids  in  cocoa  powder  manu- 
factured without  chemicals  is  between  17  and 
18  p.c.,  of  which  10  p.c.  is  soluble  or  digestible 
albumen,  the  remainder  (over  40  p.c.  of  the 
whole)  consisting  of  insoluble  and  indigestible 
substances.  Forster,  however,  maintains  that 
the  proportion  of  digestible  albuminoids  reaches 
as  high  as  80  p.c.,  his  experiments  being  made 
on  the  human  subject,  whilst  Stutzer’s  were 
conducted  under  laboratory  conditions  (Hyg. 
Rundschau,  1900,  314). 

Starch,  as  in  oleaginous  seeds  generally,  is 
not  very  abundant.  It  has  been  variously 
estimated  from  2 to  20  p.c.  of  the  nib,  but  many 
of  the  results  are  too  high,  owing,  no  doubt,  to 
the  conversion  of  cellulose  into  sugar  when  the 
acid  method  for  the  starch  conversion  is  em- 
ployed. The  diastase  method  is  preferable  in 
the  presence  of  cellulose.  The  average  amount 
of  starch  is  from  4 to  5 p.c.,  or  about  8 p.c. 
calculated  on  the  fat-free  bean.  The  starch 
grains  are  nearly  spherical,  with  a very  indistinct 
nucleus.  They  have  a tendency  to  unite  in 
small  groups  of  3 or  4,  and  rapidly  lose  the  colour 
imparted  by  iodine.  The  average  size  is  about 
0*005  mm. 

Tannin. — An  astringent  principle  resembling 
tannin  exists  in  the  raw  bean,  but,  according  to 
Mitscherlich  and  Bell,  it  is  rapidly  oxidised  to 
‘ cocoa-red,’  to  which  the  characteristic  colour  of 
cocoa  is  due.  Bell  (Foods,  i.  79)  states  that 
this  astringent  principle  is  different  from  the 
tannin  of  tea  and  coffee,  and  that  its  rapid 
change  to  cocoa-red,  even  during  the  process  of 
analysis,  renders  its  quantitative  estimation 
difficult.  It  is  precipitated  by  basic  acetate  of 
lead,  and  can  be  obtained  after  removal  of  the 
lead  by  sulphuretted  hydrogen.  It  gives  a 
green  precipitate  with  ferric  chloride  not  unlike 
caffeic  acid  under  similar  treatment. 

Cocoa-red  is  not  present  in  the  fresh  seeds, 
which  are  nearly  white,  but  arises  from  the 
oxidation  of  the  natural  tannin  of  the  seed.  It 
consequently  appears  in  different  quantities  in 
different  kinds  of  cocoa.  On  hydrolysis  it 
decomposes  into  glucose,  tannin,  and  a resinous 
substance.  By  many  the  peculiar  taste  and 
aroma  of  cocoa  are  associated  with  the  formation 
of  cocoa-red,  which  increases  in  amount  during 
the  process  of  fermentation,  drying,  and  roasting, 
simultaneously  with  a corresponding  increase  in 
flavour,  thought  to  be  due  to  the  development  of 
a volatile  principle  or  essential  oil.  Details  of 
methods  for  its  extraction  and  estimation  are 
given  in  Zipperer  (Die  Schokoladen  Fabrika- 
tionen)  and  Blyth  (Foods). 

Mineral  matter. — The  ash  in  cocoa  nibs 
varies  from  2*5  to  4*5  p.c.,  the  average,  according 
to  Zipperer,  being  3*6  p.c.  in  raw,  and  3*9  p.c.  in 
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the  roasted  kernels.  The  shells  contain  two  or 
three  times  this  amount.  Approximately  half 
the  ash  (which  is  rich  in  potash  and  phosphates) 
is  soluble  in  water.  The  ash  is  naturally  lower 
than  the  average  when  starch  or  sugar  has 
been  added,  and  higher  when  fat  has  been 
abstracted,  or  when  the  cocoa  has  been  adulte- 
rated with  husks  or  coloured  with  pigments. 
The  shell  is  rich  in  alkaline  carbonates  and  silica 
as  compared  with  the  nib.  A high  alkalinity  in 
the  ash  of  cocoa  powders  indicates  treatment 
with  alkalis  as  described  in  the  preparation  of  the 
so-called  ‘ soluble  ’ cocoas.  The  composition  of 
the  ash  of  cocoa  nibs  and  husks  is  shown  in  the 
table  given  below. 

Whilst  cocoa  ranks  higher  than  tea  or 
coffee  as  a nutritious  beverage,  its  value  as  a 
substitute  for  solid  food  has  been  greatly 
exaggerated.  In  its  content  of  alkaloid  and 
tannin  substances,  it  stands  midway  between 
tea  and  coffee,  and,  like  them,  it  should  be 
considered  a stimulating  beverage  rather  than 
a true  food. 

The  tables  on  p.  313  will  serve  to  show  the 
composition  of  cocoa  nibs,  shells,  the  ash,  and 
several  kinds  of  commercial  cocoas. 

Adulterants. — Besides  sugar  and  starches 
(which  have  come  to  be  considered  as  essential 
ingredients  of  certain  proprietary  cocoa  prepara- 
tions), the  usual  adulterants  are  foreign  fats 
(particularly  coco-nut  oil)  to  replace  the  ab- 
stracted cocoa  butter,  farinaceous  substances, 
ground  cocoa  shells,  and  pigments  such  as  ferric 
oxide,  ferruginous  earth,  &c.  For  the  estima- 
tion of  cacao  shell,  see  Knapp  & McLellan, 
Analyst,  1919,  2,  which  contains  a bibliography 
on  the  subject.  J.  C. 

COCO -NUT  OIL  GROUP.  Under  this  head- 
ing is  grouped  a number  of  vegetable  fats 
which  differ  from  all  other  vegetable  fats  by 
having  high  saponification  values  in  conjunction 
with  high  Reichert-Meissl  values.  The  con- 
siderable proportion  of  volatile  fatty  acids  which 
the  fats  belonging  to  this  group  contain,  brings 
them  into  relationship  with  the  milk  fats  of 
mammals.  They  differ  essentially  from  the 
latter,  however,  in  that  they  do  not  contain  any 
butyric  acid.  The  high  proportion  of  volatile 
fatty  acids  contained  in  the  members  of  these 
groups  differentiates  them  from  other  fats  which 
are  also  characterised  by  high  saponification 
values,  but  do  not  contain  volatile  acids. 

The  fats  belonging  to  the  coco-nut  oil  group 
are  the  following  : {a)  Muriti  fat,  from  Mauritia 
vinifera  (Mart.)  ; Acrocomia  vinifera  (Oerst.) ; 
(b)  mocaya  oil,  from  A.  sclerocarpa  (Mart.)  ; 
Cocos  sclerocarpa,  C.  aculeata  (Jacq.)  ; Bactris 
minor  (Gart.)  ; (c)  cohune  oil,  from  Attalea 

coliune  (Mart.)  ; {d)  maripa  fat,  from  Palma 

(Attalea)  maripa  (Aubl.)  ; (e)  aouara-kernel  oil, 
from  Astrocarpum  vulgar e (Mart.)  ; (/)  palm-nut 
oil,  from  the  kernels  of  Elceis  guineensis  (Linn.  ; 
Jacq.)  ; (g)  coco-nut  oil  from  Cocos  nucifera 

(Linn.)  and  Cocus  hutyracea  (Linn.)  ; (h)  fat 

from  Cocos  acrocomoides. 

It  may  be  pointed  out  that  aouara-kernel 
oil  and  palm-nut  oil  differ  considerably  from  the 
corresponding  fats  contained  in  the  fruit  flesh 
surrounding  the  seeds  (see  Palm  oil). 

All  these  fats  are  derived  from  trees  belonging 
to  the  palm  family.  The  two  most  important 
fats  are  coco  nut  oil  and  palm-kemel  oil.  The 


latter  will  be  described  subsequently  (v.  Palm 
kehnel  oil). 

Coco-nut  oil  is  the  fat  obtained  from  the 
kernels  of  the  coco-nut,  especially  from  those 
of  the  two  species  Cocos  nucifera  (Linn.),  and  U. 
hutyracea  (Linn.). 

Cocos  nucifera  grows  on  all  coasts  and  islands 
of  the  tropics  ; in  fact,  it  may  be  considered  a 
cosmopolitan  of  the  tropical  coast-lines  in  both 
hemispheres.  The  coco-nut  tree  is  indigenous 
to  the  islands  of  the  Malayan  Archipelago, 
whence  the  nuts  were  carried  by  sea  currents 
towards  the  east  to  the  Pacific  Islands  and  the 
coasts  of  (Central  America,  and  towards  the 
west  to  Ceylon  and  the  east  coast  of  Africa, 

Being  well  protected  by  the  ‘ coir  ’ (fibres), 
the  seeds  are  able  to  germinate  on  all  shores 
(islands  and  even  coral  reefs)  where  they  may  be 
deposited. 

The  coco-nut  tree  forms  large  forests, 
especially  on  the  coast-line  of  Ceylon,  Java,  and 
the  Philippines.  On  account  of  its  manifold 
uses,  the  tree  has  been  cultivated  early  in  the 
history  of  mankind,  and  the  fruits  were,  there- 
fore, gathered,  as  it  were,  on  a commercial 
scale,  not  only  in  the  localities  named,  but  also 
in  the  South  Sea  Islands,  Madagascar,  Mauritius, 
Ceylon,  Zanzibar,  the  east  and  west  coast  of 
Africa,  the  Antilles,  and  the  coast-lines  of 
tropical  South  America. 

Cocos  hutyracea  is  indigenous  to  Brazil,  and 
yields,  together  with  Cocos  nucifera  (as  also 
with  the  other  cocos  species  mentioned  above), 
the  chief  quantities  of  coco-nut  fats  which  are 
consumed  locally.  The  coco-nut  oil  which  is 
exported  to  Europe  is  mainly  derived  from 
Cocos  nucifera. 

The  coco-nut  tree  flowers  when  about  6 or  7 
years  old,  and  begins  to  bear  fruit  from  an  age 
of  8 years  up  to  an  age  of  60  years.  The  nuts 
contain  a fleshy  endosperm,  built  up  from  a 
milky  juice,  rich  in  oil.  At  the  period  of  maturity 
of  the  fruit  the  milky  juice  has  disappeared 
almost  completely,  and  the  endosperm  forms 
the  well-known  coco-nut  kernel,  inside  which 
the  remainder  of  the  milky  juice,  coco-nut  milk, 
is  enclosed.  The  kernel  contains  from  30  to 
40  p.c.  of  fat,  and  about  50  p.c.  of  moisture. 

Since  the  earliest  times  in  the  history  of 
mankind,  the  kernels  have  been  used  by  the 
natives  of  the  South  Sea  Islands,  and  especially 
of  India,  as  one  of  their  chief  articles  of  food. 
The  mode  of  preparing  the  oil,  as  practised  cen- 
turies ago,  was  of  the  most  primitive  kind. 
The  kernels  were  cut  into  small  pieces  and 
exposed  in  piles  to  the  sun,  when  the  oil  would 
run  off  spontaneously.  Improved  methods  con- 
sisted in  converting  the  kernels  into  pulp, 
placing  the  latter  in  vessels  perforated  with 
holes,  and  exposing  them  to  the  sun,  when  the 
oil  would  run  through  the  holes.  The  oil  was 
then  collected  and  carried  in  bamboo  sticks  to 
the  market,  a practice  which  up  till  a few  years 
ago  still  obtained  in  the  outlying  parts  of  the 
Philippines.  In  order  to  render  the  process 
independent  of  the  heat  of  the  sun,  as  in  the 
rainy  season,  the  kernels  were,  at  a later  stage 
of  evolution  laid  on  hurdles,  formed  from 
bamboo  staves  and  coco-nut  leaves,  and  dried 
over  a slow  fire,  the  fuel  for  which  was  derived 
from  the  shell  of  the  kernels.  In  India,  where 
the  nuts  became  at  an  early  date  an  extensively 
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used  food  product,  the  nuts  were  split  into 
halves  by  a blow  with  a sharp  instrument,  the 
coco-nut  milk  was  poured  off,  and  the  halves 
exposed  to  the  sun.to  dry,  whereby  the  kernels 
became  readily  detachable  from  the  shell.  The 


dried  kernels  were  then  triturated  and  expressed, 
or  the  pounded  kernels  were  thrown  into  boiling 
water,  when  the  oil  rose  to  the  top,  and  was 
ready  to  be  slammed  off.  The  residual  mass  was 
used  as  cattle  food  (‘  coco-nut  poonac  ’).  This 


CoMPOSiTioisr  OF  Cocoa  Shells  (WEiaMA’xir). 


Commercial  varieties 

Moisture 

Nitro- 

genous 

sub- 

stances 

Theo- 

bromine 

Fat 

Nitrogen- 

free 

extract 

Cellulose 

Ash 

Sand 

Total 

nitro- 

gen 

Caraccas  . 

1249 

13-18 

0-58. 

2-38 

40-30 

16-33 

9-06 

6-26 

2-11 

Trinidad  . 

14-64 

14-62 

0-74 

3-45 

44-89 

15-79 

6-19 

0-42 

2-34 

Surinam  . 

13-93 

16-25 

0-78 

2-54 

42-47 

17-04 

6-63 

0-85 

2-60 

Puerto  Cabello  . 

14-89 

16-18 

0-75 

2-01 

43-32 

15-25 

8-08 

0-27 

2-59 

Roasted  Beans  after  Removal  of  the  Husk  (Heisoh). 


1 

Hush 

Fat 

Nitro- 

gen 

Albu- 

minoids 

Ash 

Ash 
soluble 
in  water 

Ash 
soluble 
in  HCl 

H3PO, 
in  ash 

Moisture 

Starch,  gum 
cellulose,  &c. 

Caraccas  . 

13-8 

48-4 

1-76 

11-14 

3-95 

2-15 

1-80 

1-54 

4-32 

32-19 

Trinidad  . 

15-5 

49-4 

1-76 

11-14 

2-80 

0-90 

1-90 

0-93 

3-84 

32-82 

Surinam 

15-5 

54-4 

1-76 

11-14 

2-35 

0-80 

1-85 

1-23 

3-76 

28-35 

Guayaquil  . 

11-5 

49-8 

2-06 

13-03 

2-50 

1-75 

1-75 

1-87 

4-14 

30-47 

Grenada 

14-6 

45-6 

1-96 

12-40 

2-40 

0-60 

1-80 

1-35 

3-90 

35-70 

Bahia 

9-6 

50-3 

1-17 

7-40 

2-60 

0-90 

1-70 

1-26 

4-40 

35-30 

Cuba  . 

120 

45-3 

1-37 

8-67 

2-90 

0-95 

1-95 

1-13 

3-72 

39-41 

Para  . 

8-5 

54-0 

2-00 

12-66 

3-05 

1-40 

1-65 

1-00 

3-96 

26-33 

Analyses  of  the  Ash  of  Cocoa  Nibs  and  Hdsks  (Bell). 


1 

Guayaquil 

nibs 

2 

Surinam  nibs 

3 

Grenada  nibs 

4 

Finest 

Trinidad 

nibs 

5 

Finest 

Trinidad 

husks 

Sand 

• • • 

5-12 

Silica 

• • • 

0-15 

— 

— 

2-87 

Sodium  chloride 

• • • 

0-46 

0-53 

0-57 

0-65 

0-44 

So'da  (NagO)  . 

• • • 

0 46 

0-63 

0-57 

0-83 

0-94 

Potash  (KgO)  . 

23-35 

28-00 

27-64 

29-30 

37-89 

Magnesia 

• • • 

19-18 

20-66 

19-81 

18-23 

13-04 

Lime 

• • • 

3-24 

4-38 

4-53 

6-51 

7-30 

Alumina  . 

• • • 

0-10 

004 

008 

0-08 

0-55 

Iron  oxide  (FeO) 

• • • 

0-21 

0-38 

0-15 

0-10 

0-63 

Carbonic  anhydride 

fCOa)  . 

0-69 

3-31 

2-92 

4-19 

10-80 

Sulphuric  „ 

(SO3) . 

2-77 

4-29 

4-53 

3-91 

3-25 

Phosphoric  ,, 

(P.0,)  . 

49-39 

37-78 

39-20 

36-20 

17-17 

100-00 

100-00 

100-00 

100-00 

100-00 

The  foUowmg  table  shows  the  general  composition  of  commercial  cocoas  : — 


Analyses  of  Commercial  Cocoas  (Bell). 


Prepared 

cocoa 

Iceland 

moss 

cocoa 

Rock 

cocoa 

Flake 

cocoa 

Cocoa- 

tina 

Choco- 

latine 

Finest 

Trinidad 

nibs 

Chocolat 
de  Sante 

Cocoa 

extract 

Moisture 

4-95 

5-47 

2-58 

6-49 

3-52 

4-40 

2-60 

1-44 

6-76 

Fat 

24-94 

16-86 

22-76 

28-24 

23-98 

29-60 

51-77 

22-08 

29-50 

Starch  (added) 

19-19 

24-70 

17-56 

none 

none 

none 

none 

2-00 

none 

Sugar  (cane)  . 

23-03 

29-23 

32-20 

none 

none 

none 

none 

61-21 

none 

Non-fatty  cocoa 

27-89 

23-74 

24-90 

66-27 

72-50 

66-00 

45-63 

13-27 

64-74 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 
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process  was  carried  out  with  special  care  at 
Cochin  and  the  coast  of  Malabar.  Hence  the 
reputation  of  Cochin  coco-nut  oil  for  best 
quality  has  been  maintained  to  this  day. 

As  large  proportions  of  moisture  left  in  the 
kernel  readily  lead  to  putrefaction,  a further 
step  in  the  preservation  of  the  fat  was  found  in 
drying  the  kernels  thoroughly,  so  as  to  remove 
the  bulk  of  the  water.  The  absence  of  moisture 
rendered  the  growth  of  fungi  impossible,  and 
thus  prevented  excessive  hydrolysis  and  subse- 
quent rancidity.  The  process  of  producing  the 
dried  kernel — copra — developed  into  a manu- , 
facturing  process. 

Coco-nut  oil  became  first  known  in  Europe 
in  the  18th  century,  but  was  not  imported  in 
any  notable  quantities  before  the  year  1820. 
At  present  three  qualities  of  oil  are  distinguished 
in  commerce:  (1)  Cochin  oil;  (2)  Ceylon  oil; 
(3)  Copra  oil. 

(1)  Cochin  oil  represents  the  finest  and 
whitest  quality,  and^  is  obtained  as  stated 
above,  by  boiling  the  kernels  with  water  and 
skimming  off  the  oil. 

(2)  Ceylon  oil  is  prepared  in  a similar  manner 
in  the  plantations  of  Ceylon.  This  oil  is  not 
of  such  high  quality  as  Cochin  oil,  owing 
mainly  to  the  want  of  care  on  the  part  of 
the  natives,  as  compared  with  that  exercised 
by  the  natives  of  the  Malabar  coast.  Hence 
Ceylon  oil  represents,  as  a rule,  a second  quality 
of  coco-nut  oil,  and  is  characterised  by  a some- 
what higher  percentage  of  free  fatty  acids  than 
is  found  in  Cochin  oil.  At  present,  however,  in 
some  plantations  in  Ceylon,  managed  by  Euro- 
peans, the  same  care  is  exercised  as  in  Cochin, 
and  some  brands  of  Ceylon  oil  are  now  im- 
ported which  yield  little  in  quality  to  Cochin  oil. 

(3)  Copra  oil  is  the  oil  prepared  in  modern 
factories  in  Europe,  United  States,  Australia, 
from  copra  {i.e.  the  dried  kernels),  which  are 
imported  in  enormous  quantities  into  these 
countries.  The  conversion  of  the  kernel  into 
copra  must  not  only  be  looked  upon  as  a con- 
venient method  for  reducing  the  cost  of  freight, 
but,  as  pointed  out  above,  is  pre-eminently  a 
cheap  process  for  preserving  the  coco-nut  oil 
as  far  as  possible. 

In  the  Manila  market  copra  oil  is  sold  as 
‘ Cebu  sun-dried,’  ‘ fair  marketable  Manila,’  and 
‘ Laguna,’  but  the  distinction  between  the 
different  grades  is  not  well  marked. 

At  present  great  care  is  bestowed  on  the 
preparation  of  copra  ; it  is  used  in  growing  pro- 
portions for  the  production  of  edible  coco-nut 
oil  {see  Edible  oils),  and  coco-nut  stearin  {see 
Chocolate  fats).  In  commerce  we  differentiate 
‘ sun-dried  copra  ’ and  ‘ kiln-dried  copra.’  The 
sun-dried  copra  was  considered  the  better 
quality,  as  it  gives  a white  coco -nut  oil,  with 
only  a slight  yellow  tinge,  and  could  be  readily 
converted  into  an  edible  oil.  Kiln- dried  copra 
is  obtained  by  a more  rapid  process,  the  kernels 
being  dried  over  a bamboo  grating  heated  by 
burning  underneath  it  the  shells.  In  these 
primitive  kilns,  the  fumes  obtain  ready  access 
to  the  copra  itself,  and  not  only  burn  it  occasion- 
ally,, but  impart  to  the  copra  a peculiar  empy- 
reumatic  smell  and  a dark  colour.  Hence  copra 
thus  dried  yields  a yellowish  oil  which  proves 
refractory  in  the  refining  process.  At  present, 
however,  notable  improvements  are  being 


introduced  in  the  kiln-drying  process  (rotar3" 
driers,  vacuum  driers),  so  that  it  may  be  expected 
that  in  the  near  future  kiln- dried  copra  will  take 
its  place  next  to,  or  rank  equally  with,  sun-dried 
copra.  Sun-dried  copra  contains  on  an  average 
50  p.c.  of  fat ; in  kiln-dried  copra  the  percentage 
rises  to  63  and  even  65  p.c.  Copra  dried  by 
means  of  hot  air  contains  even  as  much  as 
74  p.c. 

Its  acidity  (as  oleic  acid)  should  be  less  than 
1 p.c.  By  reducing  the  amount  of  moisture  to 
about  6 p.c.  immediately  after  opening  the  nuts 
the  action  of  moulds  is  checked  and  a better 
yield  of' oil  of  good  quality  is  obtained. 

The  copra  is  treated  in  oil  mills  in  a similar 
manner  to  that  in  which  oleaginous  seeds 
generally  are  worked  up.  The  meal  is  expressed 
twice  at  a temperature  of  55°-60°.  The 
practical  yield  varies  from  63  to  66  p.c.,  according 
the  content  of  oil  in  the  copra.  The  expressed 
oil  contains  a notable  quantity  of  free  fatty 
acid,  the  amount  depending  on  the  quality  of 
the  raw  material. 

Copra  press-cake  is  used  for  fertilisers  and 
feeding -stuffs  for  cattle,  but  by  separating  the  oil 
by  appropriate  methods  a press-cake  suitable  for 
human  food  may  be  obtained.  A meal  suitable 
as  a substitute  for  wheat  flour  and  lard  in  pastry 
had  the  following  composition  : water,  7 ‘35  ; 
oil,  32 ‘14  ; ash,  4 ‘05  ; crude  fibre,  37 ’12  ; and 
proteins  20 ‘34  p.c.  (Parker  and  Brill.  Philippine 
J.  Sci.,  1917,  A,  12,  87). 

In  our  climate  coco-nut  oil  is,  at  the  ordinary 
temperature,  a solid  white  fat  of  bland  taste, 
having  the  peculiar,  though  not  unpleasant, 
odour  of  coco-nut.  The  odorous  substances  in 
coco-nut  oil  consist  chiefly,  according  to  Haller 
and  Lassieur  (Compt.  rend.  1910,  151,  697),  of 
methylheptylketone  and  methylnonylketone. 
These  two  ketones,  together  with  certain  unde- 
fined volatile  substances,  are  removed  in  the  pro- 
cess of  refining  coco-nut  oil  for  edible  purposes. 
In  order  to  obtain  coco-nut  stearin  (chocolate 
fat),  the  liquid  glycerides  are  removed  by  ex- 
pression in  hydraulic  presses,  when  50-80  p.c. 
of  the  liquid  glycerides  are  expressed.  Inferior 
copra  oils  also  are  frequently  subjected  to  the 
same  process,  and  thus  a commercial  coco- 
nut stearin  is  obtained,  which,  on  account  of 
impurities,  can  only  be  employed  in  the  manu- 
facture of  composite  candles  and  night-lights. 
The  lower  qualities  of  coco-nut  oil  are  used 
in  enormous  quantities  in  the  manufacture  of 
soap,  whilst  the  best  grades  are  used  for  mar- 
garine. 

Coco-nut  oil  contains  large  proportions  of 
myristin  and,  especially,  of  laurin,  small  quan- 
tities of  palmitin,  stearin,  and  triolein,  and  of 
caprin,  caprylin,  and  caproin. 

Elsdon  (Analyst,  1913,  38,  8),  using  the 
method  of  alcoholysis,  found  coco -nut  oil  to 
contain  glycerides  of  the  following  fatty  acids 
in  approximately  the  proportions  named : 
caproic,  2 ; caprylic,  9 ; capric,  10  ; lauric,  45  ; 
myristic,  20 ; palmitic,  7 ; stearic,  5 ; and 
oleic  acid,  2 p.c.  Methods  for  the  detection  of 
coco -nut  oil  in  butter  are  based  on  the  large 
proportion  of  lauric  and  myristic  acids  in  the 
fat  (Shrewsbury  and  Knapp,  Analyst,  1910,  35, 
385  ; 1912,  38,  3). 

The  saponification  value  of  coco-nut  oil  lies 
between  246  and  260  ; the  Reichert-Meissl  value 
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ot  the  oil  is  7-8  ; its  iodine  value  about  8-10  ; and 
its  Hehner  value  88  to  90.  Owing  to  its  peculiar 
chemical  composition,  coco-nut  oil  is  not  readily 
saponified  by  weak  caustic  leys.  It  requires  for 
saponification  alkaline  leys  of  high  strength, 
which,  however,  so  easily  convert  it  into  soap, 
that  it  is  only  necessary  to  stir  the  fat  and  caustic 
alkali  together  at  30°-35°,  and  allow  the  mixture 
to  stand.  After  a short  time  saponification  takes 
place,  with  liberation  of  heat.  (Soapmaking  by 
the  ‘ cold  process.’)  Soaps  so  formed  are  very 
hard,  and  combine  with  a large  amount  of  water 
without  becoming  soft.  The  soaps  are  further 
distinguished  by  their  remarkable  property  of 
requiring  large  quantities  of  salt  to  throw  them 
out  of  their  aqueous  solution.  Hence  they  are 
used  as  ‘ marine  soaps.’  J.  L. 

COCOSITOL  V.  Inositol. 

CODAMINE  V.  Opium. 

CODEINE  V.  Opium. 

CODEONAL.  Trade  name  for  a mixture  of 
1 part  of  medinal  and  2 parts  of  codeine- veronal. 

COD  LIVER  OIL  is  obtained  from  the  liver 
of  the  cod,  Gadus  morrhua  (and  of  the  dorsch, 
the  young  of  O.  morrhua,  formerly  considered  a 
separate  species,  G.  callarius).  The  cod  appears 
annually  at  certain  times  in  enormous  shoals  on 
the  coasts  of  the  northern  seas,  chiefly  on  the 
coasts  of  Norway,  Scotland,  Newfoundland,  the 
east  of  the  United  States  and  of  Canada,  the 
west  coast  of  the  United  States  and  the  coasts 
of  Japan  and  Siberia.  The  best-known  and 
oldest  fishing-grounds  are  those  of  Norway, 
where  the  fish  make  their  appearance  at  regular 
intervals  of  the  year. 

In  the  early  years  of  the  manufacture  of  cod 
liver  oil,  the  livers  were  heaped  up  in  barrels  and 
allowed  to  undergo  a process  of  spontaneous 
putrefaction,  whereby  the  liver  cells  burst  and 
the  oil  exuded.  The  oil  so  obtained  was  con- 
taminated with  decomposition  products  of  the 
liver,  and  possessed  that  rank  odour  and 
nauseous  taste  with  which  even  nowadays 
popular  prejudice  associates  medicinal  cod  liver 
oil.  Of  late  years  the  manufacture  of  cod  liver 
oil  has  been  carried  out  in  a scientific  manner, 
and  the  best  oil  is  at  present  obtained  by  steam- 
ing the  livers  in  the  freshest  state  obtainable. 
The  livers  are  washed  immediately  they  are  taken 
out  of  the  body  of  the  fish,  and  are  placed  in 
jacketed  vessels  in  which  they  are  heated  to  a 
temperature  of  70°-80°,  when  the  cells  burst 
and  the  oil  flows  off.  This  oil  is  known  as  ‘ raw 
medicinal  oil,’  and  is  consumed  as  ‘ congealing 
oil  ’ in  those  countries  where  the  Pharmacopoeia 
permits  congealing  oils.  The  British  Pharma- 
copoeia prescribes,  however,  a non- congealing  oil, 
which  will  not  ‘ set  ’ at  the  freezing-point.  It 
is  prepared  by  expressing  the  fresh  liver  at  a 
temperature  not  exceeding  85°,  cooling  the  crude 
medicinal  oil  below  zero,  and  filtering  it  at  a 
temperature  of  about  —5°.  The  ‘ stearine  ’ is 
sold  as  fish  stearin  of  best  quality  for  soap- 
making purposes.  All  unsound  livers,  and 
those  which  have  been  exposed  for  some  time 
to  the  atmosphere,  are  then  worked  up  for 
‘ brown  oil.’  This  oil  is,  of  course,  a genuine 
cod  liver  oil,  but  is  (or  should  be  considered) 
unfit  for  consumption,  and  is  mostly  used  up 
in  leather  industries,  under  the  name  ‘ brown 
cod  oil  ’ or  ‘ cod  oil.’ 

The  pure  medicinal  oil  is  pale  yellow  or 


light  yellow,  and  the  best  qualities  have  a slight 
fishy  odour  only,  and  a by  no  means  unpleasant 
taste.  Such  oil  has  a sp.gr.  of  about  0 '922-0 ’93 
at  15°,  and  a saponification  value  of  175-192, 
and  an  iodine  value  of  140-175.  The  best 
qualities  have  an  iodine  value  of  about  175,  for 
the  longer  the  livers  have  been  exposed,  the 
lower  will  be  the  iodine  value,  so  that  this 
value  alone  may  indicate,  preliminarily,  a good 
medicinal  oil.  The  chemical  composition  of  the 
cod  liver  oil  glycerides  is  not  yet  completely 
known.  Small  quantities  of  palmitin  occur  in 
the  oil,  and  are  the  cause  of  the  separation  of 
‘stearine.’  The  older  statement  that  small 
quantities  of  lower  saturated  fatty  acids,  such 
as  those  of  acetic,  butyric,  valeric,  and  capric 
acids  occur  in  cod  liver  oil  must  be  rejected, 
these  statements  being  due  to  the  fact  that  the 
cod  liver  oil  in  which  those  volatile  fatty  acids 
were  found  had  already  undergone  decomposi- 
tion. The  greater  number  of  the  liquid  fatty 
acids  in  cod  liver  oil  have  not  been  identified. 
Among  the  unsaturated  fatty  acids  there  occurs 
undoubtedly  therapic  acid ; this  can  be  identi- 
fied and  isolated  by  means  of  its  octobromide, 
CiyHgeOgBrg,  which  does  not  melt  at  200°,  and 
decomposes,  with  blackening  above  that  tem- 
perature. 

Japanese  cod  liver  oil  has  a similar  composi- 
tion to  that  of  the  European  oil.  Specimens 
examined  by  Tsujinioto  (Chem.  Hev.  Eett  Ind. 
1913,  20,  70)  had  sp.gr.  0'9263-0’9290 ; saponi- 
fication value  183 '8-188 '1  ; and  iodine  value 
159'1-160'8.  The  fatty  acids  yielded  34'4- 
36 '17  p.c.  of  therapic  octobromide. 

The  therapeutic  value  of  cod  liver  oil  which 
was  attributed  to  the  organic  bases  occurring 
in  badly  rendered  cod  liver  oil  must  (in  the 
author’s  opinion)  be  ascribed  rather  to  the  easy 
manner  in  which  cod  liver  oil  is  digested  than 
to  any  specific  constituent,  for  the  purest  cod 
liver  oil  practically  represents  a mixture  of  pure 
glycerides  with  a small  amount  only  of  choles- 
terol and  other  unsaponifiable  substances. 

Like  all  liver  oils,  cod  liver  oil  may  be 
identified  by  the  colour  test  which  it  gives  with 
concentrated  sulphuric  acid  in  a solution  of 
carbon  tetrachloride  or  carbon  disulphide.  The 
better  the  quality  of  cod  liver  oil  the  fainter  is 
the  sulphuric  acid  colour  test ; this  points  to  the 
fact  that  the  colour  test  is  due  to  small  quantities 
of  foreign  substances  which  are  dissolved  by  the 
oil  from  the  tissues  of  the  liver.  This  is  borne 
out  by  the  fact  that  when  completely  hydroge- 
nated, cod  liver  oil  no  longer  gives  any  colour 
reaction  with  sulphuric  acid.  A specimen  of 
such  fully  hydrogenated  oil  prepared  by  Man- 
nich  and  Thiele  (Ber.  deut.  Pharm.  Ges.  1916, 
26,  36)  melted  at  65°,  and  had  iodine  value  1 '2, 
and  saponification  value  186 '2.  J.  L, 

CCELESTIN  V.  Strontium. 

C CELINE,  C CERULEAN  BLUE,  CCERULEUM 

V.  Cobalt  ; also  Pigments. 

CCERULEIN,  Anthracene,  green  {v.  Alizarin 

AND  ALLIED  COLOURING  MATTERS). 

CCERULIGNOL  C3H7'C6H3'(OH)OCH3.  A 
colourless  oil  of  a burning  aromatic  taste,  and 
a smell  resembling  creosote,  obtained  from  beech 
pine  and  fir  tars.  Boils  at  240°-241°  ; sp.gr. 

1 '0564  at  15°.  It  is  somewhat  soluble  in  water, 
freely  soluble  in  alcohol,  ether,  and  acetic  acid. 
It  is  coloured  red  by  sulphuric  acid,  and 
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dark- brown  by  potassium  hydroxide  in  contact 
with  the  air.  In  alcoholic  solution  it  gives  with 
barium  hydroxide  a characteristic  deep-blue 
colouration.  Ferric  chloride  in  alcoholic  solu- 
tion gives  a green,  in  aqueous  solution  a deep- 
red,  colouration.  Coerulignol  is  decomposed 
on  treating  with  hydrochloric  acid  at  145°, 
according  to  the  equation 

CioHi402+HC1=C9Hi,02+CH3C1 

CCERULIGNONE  {Cedriret). 

(CH30)3CeH3-0-0-CeH3(CH30)2 

A steel-blue  crystalline  sohd  obtained  by  oxidis- 
ing  pyrogalloldimethylether  in  acetic  acid 
solution  with  potassium  dichromate  (Hofmann, 
Ber.  11,  335).  It  combines  with  primary 

amines  to  give  deep -blue  dyestuffs  (Liebermann 
and  Flatau,  ihid.  1897,  234  ; Moir,  Chem.  Soc. 
Proc.  1906,  110;  1907,  307)  {v.  Cedriret). 

COFFEE,  The  beverage  known  as  ‘ coffee  ’ 
is  prepared  from  the  seeds  (dried,  roasted,  and 
ground)  of  Gajfea  ardbica  (Linn.),  an  evergreen 
shrub,  indigenous  to  North-East  Africa,  and 
Arabia.  The  use  of  coffee  has  been  known  from 
time  immemorial  in  Abyssinia,  whence  it  spread 
to  the  neio-hbouring  Mahometan  countries 
(where  its  use  was  at  various  times  forbidden  as 
being  an  ‘ intoxicating  ’ beverage),  and  subse- 
quently to  all  parts  of  the  civilised  world.  It 
did  not  find  its  way  into  Europe,  however,  until 
the  beginning  of  the  17th  century.  It  was 
introduced  into  England  in  1652,  and  rapidly 
spread  in  popular  favour  in  spite  of  heavy 
taxation  and  attempts  to  suppress  the  ‘ coffee 
houses,’  for  political  reasons,  until  its  importa- 
tion reached  a maximum  of  37^  million  lbs. 
in  1847.  Since  then  the  consumption  has 
declined,  due,  no  doubt,  chiefly  to  the  greatly 
extended  use  of  tea,  and  partly  to  the  introduc- 
tion of  coffee  substitutes.  At  the  present  time 
the  consumption  of  coffee  in  the  United 
Kingdom  is  less  than  30  million  lbs.,  or  less 
than  I lb.  per  head.  In  the  principal  coffee- 
drinking countries  of  the  world  the  consumption 
of  coffee  per  head  of  the  population  is  as  follows  : 
Holland,  from  14  to  15  lbs.  ; United  States  of 
America,  12  lbs.  ; Scandinavia,  nearly  12  lbs.  ; 
Germany,  7 lbs.  ; and  France,  4 lbs. 

The  coffee  tree  belongs  to  the  natural  order 
Cinchonacece,  which  embraces,  according  to 
Lindley  and  Paxton,  two  species,  C.  ardbica  and 
G.  paniculata  (Aubl.).  Other  botanists  distin- 
guish many  other  species,  as  G.  microcarpa,  G. 
umbellata,  G.  acuminata,  G.  subsessilis,  G. 
laurina,  G.  racemosa,  G.  bengalensis,  G.  indica, 
&c.  Some  of  these  are  probably  only  varieties. 
However  this  may  be,  four  species  distinct  from 
each  other  are  now  grown  : (1)  Arabian  or 

Mocha  coffee,  having  short  upright  branches 
with  a brittle  leaf,  and  seeds  usually  single  in  the 
berries.  (2)  Jamaica  coffee,  bearing  longer  and 
more  pliable  branches,  a tougher  leaf,  and  seeds 
almost  always  double  in  the  berries.  (3)  East 
India  or  Bengal  coffee,  of  which  the  leaf  is 
smaller  than  the  J amaica  variety,  and  the  berry 
very  small.  (4)  Liberian  coffee  {G.  liberica)  is 
taller  and  has  larger  leaves  and  fruit  than  the 
preceding  varieties,  but  owing  to  its  coarse 
flavour,  it  was  not  until  recently  of  much  com- 
mercial use.  It  has,  however,  rapidly  attained 
importance  on  account  of  its  hardy  habit  and 


power  of  resistance  to  disease,  and  is  now 
largely  cultivated  by  grafting  on  to  its  stem 
the  more  delicate  and  highly  esteemed  Arabian 
coffee.  Trees  growing  wild  in  the  Cingalese 
jungle  attain  a height  of  14-18  feet ; but  under 
cultivation  and  subjected  to  systematic  prun- 
ing, the  plant  rarely  exceeds  6-9  feet.  Within  the 
tropics  the  coffee  tree  succeeds  best  at  1200-3000 
feet  above  the  sea-level,  but  grows  at  a height 
of  6000  feet.  When  the  mean  temperature  is 
about  70°,  it  may  be  grown  as  far  as  lat.  36°; 
It  is  cultivated  in  the  West  Indies,  Mexico, 
Central  America,  Brazil,  and  Cayenne  ; in  West- 
ern Africa,  Egypt,  Mozambique,  and  Natal ; in 
Arabia,  India,  Ceylon,  Siam,  Sumatra,  Java, 
Celebes,  and  other  parts  of  the  Eastern  Archi- 
pelago, Fiji,  and  the  islands  of  the  Pacific.  At 
the  present  time  more  than  three-quarters  of 
the  world’s  supply  comes  from  BrazU. 

The  coffee  consumed  in  the  United  Kingdom 
comes  principally  from  Costa  Pica  and  British 
India  as  regards  the  finer  qualities,  and  the 
inferior  grades  from  Brazil. 

The  manner  of  forming  plantations  varies 
somewhat  in  different  countries.  The  surface 
soil  should  be  good  and  the  subsoil  not  too  stiff. 
Perhaps  the  best  soil  is  that  known  in  Brazil  as 
‘ terra  roxa,’  a topsoil  of  red  clay  3 or  4 feet 
thick,  with  a subsoil  of  gravel.  Virgin  forest 
land  is  as  a rule  found  very  suitable.  Shelter 
from  wind  is  most  important,  and  a wet  soil  is 
fatal.  Steep  slopes  are  unsuitable  owing  to 
rain  wash.  The  loss  due  to  this  cause  should  be 
repaired  by  good  manure,  well-rotted  dung  and 
ground  bones  being  the  best.  The  young  plants 
may  be  reared  in  nurseries,  whence  they  are 
transplanted  to  their  permanent  position,  or 
they  may  be  gathered  out  of  the  old  plantations  ; 
the  age  at  which  this  is  done  varies,  as  in  Brazil 
where  the  shrub  is  usually  two  years  old  on  its 
removal,  or  as  in  the  West  Indies  where  it  is 
planted  out  at  6 months.  Fruit  is  produced  in 
the  fourth  year,  and  continues  to  be  gathered 
for  several  years. 

The  tree  blossoms  and  bears  fruit  practically 
all  the  year  round,  and  the  fruit  takes  about 
4 months  to  ripen.  There  is  thus  in  some 
places  an  almost  perpetual  crop,  but,  as  a rule, 
there  are  two  principal’  harvest  seasons  in  the 
year. 

The  coffee  fruit  consists  of  a bilobed  berry 
somewhat  resembling  a small  elongated  cherry 
(by  which  term  it  is  described  commercially). 
The  fleshy  pericarp  changes  colour,  as  the  fruit 
ripens,  from  green  through  yellow  and  red  to  a 
deep  crimson.  When  dried,  it  blackens  and 
becomes  hard  and  brittle,  resembling  a shell  or 
husk.  Beneath  the  skin  of  the  pericarp  is  a 
saccharine  and  somewhat  glutinous  pulp  con- 
taining the  seeds,  which  are  usually  double, 
lying  face  to  face,  but  sometimes  occurring 
singly.  Each  seed  or  ‘ bean  ’ is  enclosed  in  two 
membranous  coverings — an  outer,  consisting  of 
tough  buff-coloured  tissue,  technically  known  as 
‘ parchment,’  which  becomes  loose  and  readily 
separates  on  drying  ; and  an  inner  film  of  thin 
white  tissue,  closely  adherent  to  the  bean,  and 
known  as  the  ‘ silver  skin.’ 

The  principal  methods  in  vogue  for  gathering 
and  preparing  the  coffee  berries  for  commerce  are 
as  follows.  In  Arabia,  Egypt,  and  the  Antilles, 
the  berry  is  left  on  the  tree  till  completely  dried. 
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when  it  is  easily  shaken  down  and  the  dry 
outer  envelope  and  the  parchment  removed 
by  pounding  in  a mortar,  beating  with  a hail, 
or  simply  rubbing  in  the  hands.  In  many  other 
places  the  berries  are  gathered  by  hand  as  soon 
as  ripe  but  not  dry,  and  are  spread  out  on  the 
ground  in  layers  from  4 to  6 inches  deep.  These 
are  exposed  to  the  sun’s  heat  for  3 or  4 weeks, 
with  frequent  turning  by  means  of ' spades,  when 
the  bean  becomes  easily  removable  from  the 
fruit  by  gentle  trituration.  As  this  process  of 
drying  sometimes  imparts  to  the  coffee  a dis- 
agreeable havour  owing  to  putrefactive  changes 
in  the  pulp,  recourse  is  frequently  had  to  artihcial 
heat.  The  most  modern  method  is  to  ‘ pulp  ’ 
the  berries  by  crushing  between  rollers  so  as  not 
to  injure  the  beans,  which  are  then  subjected 
to  a fermenting  process  in  tanks,  with  or  without 
the  addition  of  water,  after  which  they  are 
separated  from  the  pulp  by  ‘ washing,’  and 
dried,  either  by  the  sun  or  by  artificial  means. 
Coffee  beans  in  the  form  of  ‘ cherry  ’ rarely 
enter  into  commerce,  but  frequently  retain  the 
parchment  and  silver  skin,  which,  however, 
before  roasting,  are  removed  by  rollers  and 
separated  by  winnowing.  They  are  then 
graded  into  different  sizes  by  special  machinery, 
which  also  separates  the  round  or  ‘ pea- berries  ’ 
from  the  ordinary  flat-faced  beans.  The  colour 
of  coffee  beans  varies  from  a pale-yellow  passing 
through  various  shades  of  green  to  a slatey  grey. 
The  following  table  will  indicate  the  variations 
in  size  : — 


No.  of  seeds  in  a measure 
holding  60  grams  of  water. 
Fine  brown  Java  . . .187 

Fine  Mysore  . . . .198 

Fine  Neilgherry  . . . 203 

Costa  Rica  ....  203 

Good  ordinary  Guatemala  . 207 

Good  La  Guayra  . . .210 

Good  average  Santos  . . 213 

Fine  long-berry  Mocha  . . 217 

Good  ordinary  Java  . . 223 

Fine  Ceylon  plantation  . . 225 

Good  average  Rio  . . . 236 

Medium  plantation  (Ceylon)  . 238 

Manilla  ....  248 

Ordinary  Mocha  . . . 270 

West  African  . . . 313 


Coffee  undergoes  important  changes  in  the 
process  of  roasting,  the  object  of  which  process 
is  to  develop  its  aroma  and  to  destroy  its  tough- 
ness so  that  it  may  easily  be  reduced  to  powder. 
Great  care  is  necessary  to  ensure  an  equable 
rocbsting  of  all  the  beans,  and  to  attain  the  exact 
point  at  which  torrefaction  should  cease.  If,  on 
the  one  hand,  rawness  is  not  removed,  the  flavour 
of  the  bean  is  not  developed,  and  the  coffee  is 
hard  to  grind ; on  the  other  hand,  if  too  much 
heat  is  permitted,  carbonisation  takes  place,  and 
a strong  empyreumatic  flavour  is  produced, 
whict  renders  the  coffee  infusion  nauseous. 

The  roasting  process  is  conducted  in  cylinders 
(preferably  of  strong  wire  gauze  to  permit  of 
the  escape  of  steam  and  other  volatile  products 
as  fast  as  they  are  formed)  heated  by  coke  fires 
or  gas.  The  loss  in  weight  is  from  15  to  18  p.c., 
of  which  about  one-half  is  due  to  moisture, 
and  the  rest  chiefly  to  volatile  products  derived 
from  the  fat,  and  from  the  sugar  during  the 
conversion  of  the,  latter  into  caramel.  There  is 


also  some  loss  of  caffeine.  At  the  same  time,  an 
empyreumatic  oily  substance  is  developed,  known 
as  cajfeol,  which,  in  spite  of  its  small  amount, 
imparts  to  roasted  coffee  much  of  its  character- 
istic aroma.  The  most  favourable  temperature 
for  developing  the  maximum  aroma  during 
roasting  is  a little  above  200°.  After  roasting, 
it  is  most  important  that  the  beans  should  be 
rapidly  cooled,  and  this  is  effected  by  spreading 
them  on  a large  sieve  through  the  meshes  of 
which  they  cannot  pass,  but  through  which  the 
air  is  forcibly  drawn  by  means  of  a powerful 
exhaust  connected  with  a closed  chamber 
immediately  below  the  sieve.  Since  the  essen- 
tial oil  rapidly  escapes  after  the  bean  is  broken 
up,  coffee  should  not  be  ground  until  required 
for  infusion. 

0.  Bernheimer  (Wien.  Akad.  81,  [2]  1032, 
1042)  found  that  during  the  roasting  of  coffee, 
water  vapour  is  first  given  off,  then  sud- 
denly an  evolution  of  carbonic  anhydride,  and 
distillation  of  volatile  substances  commences. 
The  distillate  consists  of  an  aqueous  flquid  and 
a sohd  part.  The  former  contains  caffeine, 
caffeol,  acetic  acid,  quinol,  methylamine,  and 
acetone  ; the  latter  consists  of  fatty  acids,  chiefly 
palmitic.  Pyrrol  escapes  during  roasting.  Of 
fatty  acids,  0*48  p.c.  of  the  coffee  employed  was 
volatilised  ; of  caffeine,  0*18  p.c.  ; and  of  caffeol, 
0’05  p.c. 

Erdmann  (Ber.  1902,  35,  1846)  attributed  the 
aroma  of  roasted  coffee  to  traces  of  acetic  acid 
furfural,  valeric  acid,  an  unstable  nitrogenous 
compound  and  a pheuohc  body  resembling 
creosote.  Various  samples  of  roasted  coffee 
yielded  from  0’2  to  0'25  grm.  of  pyridine  per 
kilo  (Bertrand  and  Weisweiller,  Compt.  rend. 
1913,  157,  212). 

Bernheimer  found  that  raw  coffee  beans 
(50  kg.)  roasted  in  a revolving  drum  yielded  a 
liquid  distillate  (5  htres)  and  a solid  portion 
(680  grams)  floating  thereon.  The  uncondensable 
vapours  contained  carbonic  anhydride,  and,  on 
passing  them  through  dilute  hydrochloric  acid, 
a resinous  body  was  deposited,  having  the  ap- 
pearance of  pyrrol-red. 

A.  Liquid  distillate. — ^The  crude  liquid  dis- 
tillate filtered  from  solid  particles  has  a yellow 
colour  and  the  fragrant  odour  of  coffee.  On 
i agitating  it  with  ether,  and  evaporating  the 
ethereal  extract  over  the  water- bath,  a dark 
heavy  oil  was  obtained,  smeUing  like  coffee, 
and  yielduig,  on  redistillation,  first  a few  drops 
of  liquid  having  the  odour  of  aeetone,  afterwards, 
for  the  most  part,  aeetic  acid  and  water.  The 
thermometer  then  rose  quickly  to  200°,  above 
which  point  there  passed  over  an  oil  smelling 
like  coffee,  the  temperature  at  the  same  time 
rising  to  300°.  Above  this  point  there  passed 
over  a very  small  quantity  of  liquid,  which 
immediately  solidified  to  a mass  having  the 
buttery  aspect  and  rancid  odour  of  the  higher 
fatty  acids.  This  portion,  and  the  liquid  which 
passed  over  from  200°  to  300°,  were  neutralised 
with  sodium  carbonate,  whereupon  a thick  dark- 
coloured  oil  WEIS  thrown  down,  which  wg-s  sepa- 
rated from  the  supernatant  liquid  by  means  of  a 
tap-funnel,  and  washed  with  water  rendered  very 
slightly  alkaline  by  potash. 

The  alkaline  wash  waters  contained  no  fatty 
acids,  but,  when  acidified  with  sulphuric  acid 
and  agitated  with  ether,  they  yielded  a substance 
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which,  after  evaporation  of  the  ether,  filled 
the  liquid  with  a pulp  of  crystals,  and  after 
precipitation  crystallised  in  colourless  needles, 
exhibiting  the  characters  of  quinol  (m.p,  171°), 
converted  into  quinhy drone  by  the  action  of 
ferric  chloride. 

The  oil  above  mentioned,  designated  by 
Bernheimer  as  cajfeol,  was  dried  over  calcium 
chloride  and  fractionally  distilled,  the  greater 
part  passing  over  from  195°  to  197°.  The  dis- 
tillate smells  very  strongly  of  coffee,  is  ap- 
parently insoluble  in  cold  trater,  but  imparts  to 
it  the  characteristic  odour ; slightly  soluble  in 
hot  water,  very  slightly  in  aqueous  potash,  very 
easily  in  alcohol  and  ether,  the  alcoholic  solu- 
tion giving,  with  ferric  chloride,  a red  coloura- 
tion, which  does  not  disappear  on  addition  of 
sodium  carbonate.  Analysis  led  to  the  formula 
CgHjoOg.  Caffeol  is  oxidised  by  chromic  acid 
mixture,  without  formation  of  any  definite  pro- 
ducts. By  fusion  with  potash  it  yields  salicylic 
acid.  The  portion  of  the  crude  liquid  distillate 


not  taken  up  by  ether,  when  concentrated  over 
the  water- bath,  yielded  groups  of  needle-shaped 
crystals,  exhibiting  the  composition  and  pro- 
perties of  caffeine  CgHjoN^Oa  (0-28  p.c.  of  the 
coffee).  The  mother  liquor  was  found  to  con- 
tain methylamine  and  trimethylamine. 

B.  Solid  distillate. — The  black  mass  floating 
on  the  crude  liquid  distillate  was  found,  by  a 
preliminary  examination,  to  consist  of  a mixture 
of  the  higher  fatty  acids.  By  saponification,  and 
treatment  of  the  product  by  Heintz’s  method  of 
separation,  this  mixture  yielded,  as  chief  con- 
stituent, 'palmitic  acid  melting  at  60°,  and  a 
very  small  quantity  of  another  acid  having  a 
melting-point  a few  degrees  higher  than  that  of 
lauric  acid. 

The  chemical  composition  of  coffee  has  been 
investigated  by  many  chemists  with  various 
results.  The  following  table  gives  analyses  by 
0.  Levesic  (Arch.  Pharm.  [3]  8,  294)  of  some  of 
the  principal  commercial  varieties  of  coffee  :: — 


Gummy 

matter 

Caffeine 

Fat 

Tannic  and 
caffetannic 
acids 

Cellulose 

Ash 

Potash 

Phos- 

phoric 

acid 

Finest  J amaica  plan- 
tation 

25-3 

1-43 

14*76 

22-7 

33-8 

3-8 

1-87 

0-33 

Finest  greem  Mocha 

22-6 

0-64 

21*79 

23-1 

29-9 

4*1 

2*13 

0-42 

Ceylon  plantation  . 

23-8 

1-53 

14-87 

20-9 

36-0 

4-0 

— 

0-27 

Washed  Rio  . 

27-4 

1*14 

15-95 

20-9 

32-5 

4-5 

— 

0-51 

Costa  Rica 

20-6 

1-18 

21*12 

21*1 

33-0 

4-9 

— 

0-46 

Malabar  . 

25-8 

0-88 

18*80 

20-7 

31-9 

4-3 

— 

0-60 

East  Indian 

24-4 

1-01 

17-00 

19*5 

36*4 

— 

— 

■ 

Commaille  (Mon.  Sci.  [3]  6,  779)  found  in 
undressed  Mysore  coffee  : 


Hygroscopic  water  (extremes 
of  24  determinations)  . 

Fatty  matters 

Glucose  I . . . . 

Dextrin  .... 

Legumin-casein  . 

Albumen  . . 

Total  quantity^of  caffeine 
Ash  ..... 
Coffee  extract  with  cold  water 
„ ,,  ,,  warm  water 

Coffee  extract  with  alcohol  of 
60  p.c.  .... 


6-3  to  15-7 
12-68 
2-60 

1-52 

1-04 

0-42  to  1-31 
3-882  ' 
24-97 
37-20 

23-15 


Dragendorff  gives  the  following  results  of 
analyses  of  25  different  samples  of  coffee  from 
Ceylon,  Java,  Malabar,  Mocha,  Mysore,  and 
other  places  : — 

Maximum  Minimum  Mean 
per  cent,  per  cent,  per  cent. 
Caffeine  . . 2-21  0-64  1-16 

Ash  . . . 4-87  3-83  4-41 

Phosphoric  acid  . 0-72  0-28  0-42 


The  principal  constituents  of  coffee  are 
alkaloids  (caffeine  and  caffearine),  caffetannic 
acid,  cellulose,  fat,  gum,  protein,  sugar,  water, 
and  mineral  matter. 

Caffeine  C5H(CH3)3N402,  trimethylxanthine, 
is  identical  both  chemically  and  physiologically 
with  theine,  the  alkaloid  of  tea,  and  is  closely 
related  to  theobromine  (dimethylxanthine),  the 
principal  alkaloid  of  cocoa  (q.v.).  According  to 


Payen  (Ann.  Chim.  Phys.  [3]  16,  108),  caffeine  is 
present  as  a caffetannate,  Gorter  (Annalen, 

1908,  358,  327)  states  that  caffeine  occurs  in 
coffee  combined  with  potassium  as  potassium 
caff einechlorogenate  C32H360i2K2(C8H,(jN402)2j 
2H2O.  When  pure  it  consists  of  white  silky 
needles,  slightly  bitter  and  odourless,  almost  in- 
soluble in  ether,  sparingly  soluble  in  cold  water 
and  alcohol,  but  more  soluble  in  hot  water,  and 
readily  soluble  in  chloroform,  by  means  of  which 
it  may  be  extracted  from  coffee.  The  crystals 
begin  to  sublime  below  the  boiling-point  of  water. 

Caffeine  is  found  also  in  guarana  leaves, 
kola-nut,  mate  or  Paraguay  tea  and  to  a small 
extent  in  cocoa  as  well  as  in  coffee  and  tea,  and 
gives  to  these  their  exhilarating  qualities. 
Taken  in  excess,  caffeine  is  a poison.  In  coffee 
it  is  present  to  the  extent  of  from  0*6  to  2-2  p.c. , 
the  average  being  PI  p.c.  Lendrich  and  Nott- 
bohm  (Zeitsch.  Nahr.  Genussm.  1909,  18,  299) 
report  nearly  3 p.c.  of  caffeine  in  certain  African 
coffees,  whilst  in  Madagascar  and  other  islands 
off  the  east  coast  of  Africa  a variety  of  coffee  has 
been  found  entirely  devoid  of  caffeine.  A 
coffee  has  recently  been  placed  on  the  market 
after  being  deprived  of  practically  the  whole  of 
its  caffeine.  V.  Caffeine. 

Numerous  methods  have  been  proposed  for 
the  estimation  of  caffeine.  That  of  Lendrich 
and  Nottbohm  is  detailed  in  the  Analyst, 

1909,  214,  and  gives  accurate  results.  A less 
tedious  method,  but  sufficiently  accurate  for 
ordinary  purposes,  is  that  of  Fendler  and  Stuber 
(Zeitsch.  Untersuch.  Nahr.  Genuss.  1914,  28, 
9-20)  abstracted  in  the  Analyst,  1914,  394. 
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Another  alkaloid,  Caffearme,  having  narcotic 
properties,  is  stated  by  Paladino  (Gazz.  chim. 
ital.  XXV.  1895)  to  be  present  in  coffee  in  very 
small  quantity. 

Caffetannic  acid  presents  certain  of  the 
characteristics  of  tannin  (which,  however,  is 
not  found  in  roasted  coffee)  and  to  it  the  bitter 
taste  of  coffee  is  chiefly  due.  It  is  very  suscep- 
tible to  change,  and  its  composition  has  been 
much  disputed.  According  to  Gorter  {vide 
supra),  it  is  a mixture  of  a new  acid  discovered 
by  him  and  called  cajfalic  acid,  with  chlorogenic 
acid.  A method  for  its  estimation  in  coffee  has 
been  devised  by  Krug  (U.S.A.  Dept,  of  Agric. 
Div.  of  Chem.  Bull.  13,  908).  According  to  Bell, 
caffetannic  acid  is  present  in  coffee  to  the  extent 
of  from  3 to  5 p.c.,  and  when  distilled  with 
manganese  dioxide  and  sulphuric  acid  yields 
quinone. 

Cellulose. — In  coffee  this  is  of  a very  hard  and 
homy  character,  and  difficult  to  define  under  the 
microscope,  especially  after  roasting,  although 
the  chief  characteristics  of  the  cellular  tissue 
are  more  or  less  retained.  Coffee  cellulose  is 
dissolved  by  an  ammoniacal  solution  of  copper 
oxide,  and  gives  a blue  colour  with  sulphuric 
acid  and  iodine.  Remnants  of  the  ‘ silver  skin  ’ 
are  always  present  even  after  roasting,  and  its 
structure,  a thin  membrane  with  adherent, 
thick-waUed,  spindle-shaped,  and  hollow  cells, 
is  quite  peculiar  to  coffee. 

Fat  forms  a considerable  constituent  of 
coffee,  varying  from  10  to  over  20  p.c.  A loss 
occurs  in  roasting,  due  to  the  separation  of 
volatile  fatty  acids.  When  pure,  coffee  fat  is 
white,  inodorous,  and  of  the  consistency  of 
butter,  melting  at  37 ‘5°. 

Protein,  chiefly  in  the  form  of  insoluble 
albuminoids,  occurs  in  coffee  to  the  extent  of 


from  10  to  14  p.c.,  the  soluble  albuminoids  con- 
stituting about  2 p.c.  There  is  but  little  differ- 
ence in  this  respect  between  raw  and  roasted 
coffee. 

Sugar. — Konig  and  Bell  found  from  6 to  9 
p.c.  of  sugar  in  raw  coffee,  but  this  practically 
disappears  in  roasting,  being  almost  entirely 
converted  into  caramel.  Herfeldt  and  Stutzer 
(Zeitsch.  angew.  Chem.  1895,  469)  state  that 
sugar  is  not  present  as  such  in  the  raw  bean, 
but  only  in  the  form  of  a glucoside.  Bell, 
however,  found  that  when  the  saccharine 
extract  of  the  beans  is  boiled  with  a little  dilute 
sulphuric  acid,  a quantity  of  glucose  is  obtained 
nearly  equivalent  to  the  weight  of  dry  extract 
operated  upon,  a result  inconsistent  with  the 
existence  of  sugar  as  a glucoside.  Bell  considers 
that  this  sugar  is  not  present  as  sucrose,  since 
it  is  not  inverted  even  after  prolonged  boiling 
with  acetic  acid.  On  the  other  hand,  the 
chemists  of  the  United  States  Department  of 
Agriculture  have  isolated  cane  sugar  in  con- 
siderable amount  as  pure,  well-defined  crystals 
{v.  Bulletin,  13).  It  is  usually  accompanied  by 
some  invert  sugar  probably  formed  during  the 
process  of  extraction,  and  a small  percentage 
of  dextrin.  Starch  is  rarely  found  in  the  coffee 
bean. 

Water. — The  moisture  in  raw  coffee  varies 
from  8 to  14  p.c.,  the  average  being  about 
11  p.c.  After  roasting,  it  rarely  exceeds  3 p.c., 
and  frequently  falls  as  low  as  0’5  p.c. 

Mineral  matter. — The  total  amount  of  ash 
varies  from  3 '5  to  4'0  p.c.  in  raw,  and  from 
4‘0  to  5’0  p.c.  in  roasted  coffee.  The  composi- 
tion of  the  ash  is  shown  in  the  following  table 
(U.S.A.  Dept,  of  Agric.  Div.  of  Chem.  Bull.  13, 
904) 


Constituents 

Mocha 

Maracaibo 

Java 

Rio 

Sand  ...... 

1-44 

0-72 

0-74 

1-34 

Sihca  (SiOg)  ..... 

0-88 

0-88 

0-91 

0-69 

Ferric  oxide  (FegOg) 

0-89 

0-89 

1-16 

1-77 

Lime (CaO)  ..... 

7T8 

5-06 

4-84 

4-94 

Magnesia  (MgO)  .... 

10-68 

11-30 

11-35 

10-60 

Potash  (KgO)  .... 

59-84 

61-82 

62-08 

63-60 

SodalNagO).  .... 

0-48 

0-44 

— 

0-17 

Phosphoric  acid  (PgO,;)  . 

12-93 

13-20 

14-09 

11-53 

Sulphuric  acid  (SO 3) 

4-43 

5-10 

4-10 

4-88 

Chlorine  (Cl) 

1-25 

0-59 

0-73 

0-48 

100-00 

100-00 

100-00 

100-00 

The  principal  constituents  are  potash, 
magnesia,  hme,  and  phosphoric  acid.  Ludwig, 
in  his  analyses  of  various  parts  of  the  Brazilian 
coffee  tree,  shows  that  the  silica  increases  from 
the  root  upwards  to  the  leaves  and  pericarp  of 
the  fruit,  after  which  it  declines  in  the  parch- 
ment skin,  and  is  nearly  absent  in  the  bean 
(Arch.  Pharm.  [3]  1,  482).  Graham,  Stenhouse, 
and  Campbell  inferred  that  sodium  compounds 
are  entirely  absent  in  coffee  {vide  table  in  Bell’s 
Food  Adulteration,  46),  but  although  this  is 
not  absolutely  correct,  the  amount,  as  shown  in 
the  above  table,  is  very  minute. 

Adulteration  of  coffee  is  very  common,  ancl 


the  number  and  variety  of  the  adulterants  is 
almost  unlimited. 

Colouring  is  frequently  employed  in  order 
to  disguise  damaged  beans  and  give  them  the 
appearance  of  superior  quality,  a practice 
analogous  to  the  ‘ facing  ’ of  tea.  The  substances 
most  commonly  employed  are,  for  the  raw  beans, 
chrome  yellow,  yellow  ochre,  indigo,  Prussian 
blue,  azo-  dyes,  and  soapstone  for  polishing  ; 
and  for  the  roasted  beans,  burnt  umber,  oxide 
of  iron,  Venetian  red,  ferruginous  earth  and 
clay.  The  inorganic  colouring  matters  are  beet 
sought  for  in  the  ash  or  in  the  sediment  obtained 
by  shaking  the  beans  in  cold  water  ; indigo  and 
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Prussian  blue  by  their  usual  reactions  ; and  other 
organic  colouring  matters  after  extracting  them 
with  alcohol. 

- Glazing  is  a process  resorted  to  for  the  alleged 
purpose  of  improving  the  keeping  properties  of 
the  roasted  beans,  and  the  substances  used,  a 
mixture  of  egg  albumen  with  glucose  or  gum,  are 
said  to  have  the  effect  of  clarifying  the  infusion. 
The  improved  appearance  of  the  beans  and 
increased  weight  due  to  the  retention  of 
moisture,  are  probably  also  important  considera- 
tions. The  latter  result  is  sometimes  attained 
by  the  addition  of  sugar  before  roasting,  or  by 
actually  steaming  the  beans  and  coating  them 
with  glycerine,  palm  oil,  or  vaseline,  to  prevent 
evaporation  of  moisture.  Bertarelli  (Zeitsch. 
Nahr.  Genussm.  1900,  iii.  681)  describes  the 
adulteration  of  roasted  coffee  beans  with  a 
solution  of  borax,  which  not  only  gives  the  beans 
a glossy  appearance,  but  also  adds  as  much  as 
12  p.c.  to  their  weight. 

Shellac  is  occasionally  used  for  glazing,  and 
Nottbohm  and  Koch  draw  attention  to  the  fact 
that  shellac  is  sometimes  coloured  by  arsenic 
trisulphide.  Coffee  beans  which  had  been 
glazed  with  arsenical  shellac  were  found  to  be 
strongly  contaminated  with  arsenic  (Zeitsch. 
Nahr.  Genussm.  1911,  21,  288). 

Coffee  substitutes  comprise  a large  number  of 
vegetable  substances,  roasted  and  ground,  and 
having  for  their  object  either  the  production  of 
a stronger  infusion  than  can  be  obtained  from 
coffee  alone,  or  the  simulation  of  coffee  in  order 
to  give  weight  by  the  use  of  thick-walled 
vegetable  tissue  of  hard  or  leathery  consistency. 
The  former,  of  which  chicory  is  the  type,  includes 
acorns,  beet  refuse,  biscuits,  bran,  cereals 
(barley,  buckwheat,  maize,  malt,  oats,  rye,  and 
wheat)  ; caramel  (burnt  sugar)  ; carrots,  dande- 
lion root,  figs,  lupin  seeds,  mangolds,  parsnips, 
peas,  beans,  and  other  leguminous  seeds,  turnip, 
&c.  ; whilst  the  latter  comprise  such  substances 
as  coffee  husks,  cassia  seeds,  date  stones,  grape 
stones,  locust  or  carob  beans,  sawdust,  vegetable 
ivory  dust,  &c. 

Imitation  coffee. — Although  adulteration  is 
naturally  more  prevalent  in  ground  coffee  than 
in  the  beans,  yet  the  latter  have  been  prepared 
artificially  and  on  a large  scale  from  the  above 
adulterants  (generally  without  any  admixture 
of  coffee),  held  together  by  means  of  gum, 
molasses,  or  stiff  clay,  and  skilfully  moulded 
into  the  form  of  coffee  beans. 

The  detection  of  the  adulterants  above 
referred  to  is  best  effected  by  means  of  the 
microscope.  By  simply  digesting  with  water, 
a ready  means  is  afforded  of  differentiating 
between  the  pale  soft-walled  tissues  of  cereals 
and  roots  and  the  dark-coloured  and  hard- walled 
tissue  of  coffee.  The  former  may  readily  be 
detected  and  identified  by  the  presence  and 
characteristics  of  their  starch,  coffee  (and  chicory) 
being  practically  free  from  starch.  The  use  of 
bleaching  reagents  is  of  great  assistance  in  the 
microscopical  examination,  and  reference  might 
usefully  be  made  to  the  drawings  and  photo- 
graphs reproduced  in  the  works  of  Bell,  Leach, 
Villiers  et  Collin,  and  Wiley,  and  in  the  Coffee 
Report  of  Graham,  Stenhouse,  and  Campbell, 
referrred  to  below. 

The  chemical  differences  between  coffee  and 
its  adulterants  are  also  strongly  marked,  as 


mixtures  usually  give  high  aqueous  extract  and 
sugar,  and  low  fat  and  caffeine.  The  density  is  a 
useful  factor  in  detecting  the  sophistication  of 
coffee,  and,  in  particular,  the  artificial  moistening 
of  the  berries.  In  the  Paris  Municipal  Labora- 
tory, Begnault’s  volumenometer,  as  modified 
by  Dupre,  is  used  for  this  purpose.  According  to 
the  French  chemists,  the  density  of  raw  coffee 
varies  between  1'041  and  1'368,  and  that  of 
roasted  coffee  between  0’500  and  0’635. 

By  far  the  most  important  adulterant  of 
coffee  is  chicory  (q.v.),  but  owing  to  the  public 
preference  for  an  admixture  of  chicory  with 
coffee,  it  is  now  regarded  in  the  Hght  of  an 
adjunct  to  rather  than  an  adulterant  of  coffee, 
provided  its  presence  in  the  mixture  is  disclosed. 
Chicory  has  little  in  common  with  coffee  except 
a considerable  proportion  of  sugar,  which  is 
converted  into  caramel  in  the  roasting,  and  thus 
imparts  to  the  infusion  a bitter  taste  and  aroma 
somewhat  resembling  that  of  coffee.  This  and 
the  stronger  infusion  obtained  as  well  as  the 
comparative  cheapness  of  chicory  and  similar  sub- 
stances, has,  no  doubt,  led  to  the  present  extensive 
use  of  chicory  and  other  coffee  substitutes. 

An  elaborate  research  into  the  nature  of 
coffee  and  chicory,  with  a view  to  the  detection 
of  adulteration,  was  made  at  the  instance  of  the 
Commissioners  of  Inland  Revenue  in  1852  by 
some  of  the  leading  botanists  and  chemists  of 
the  day,  viz.  Bindley  and  Hooker,  and  Graham, 
Stenhouse,  and  Campbell,  and  the  results, 
chemical  and  physical,  as  well  as  microscopical 
embodied  in  their  reports  are  of  great  practical 
value  even  at  the  present  time. 

The  following  table  by  Graham,  Stenhouse, 
and  Campbell,  shows  the  sp.gr.  at  60°F.  of 
solutions  made  by  treating  one  part  of  each  of 
the  substances  named  (roasted  and  finely  ground) 
with  10  parts  of  water  (by  weight),  raising  the 
mixture  to  boiling-point,  where  it  is  maintained 
for  half  a minute,  then  filtering  and  cooling  : — 

Specific  Gravities  of  Solutions  at  60°F. 

Parts  of  Water. 

. 1002 T 
. 1002 -9 
. 1005-7 

. 1007-3 

. 1007-3 

. 1008-0 
. 1008-4 

. 1008-4 

. 1008-7 

. 1008-7 

. 1008-7 

. 1009-0 

. 1009-5 

. 1014-3 

. 1017-1 

. 1021-2 
. 1021-4 

. 1021-6 
. 1021-7 

. 1021-9 

. 1022-1 
. 1022-6 
. 1023-2 

. 1023-5 

. 1024-9 

. 1025-3 

. 1026-3 


One  Part  of  Substance  to  10 
Spent  tan 
Date  stones  . 

Lupin  seed  . 

Acorns 

Peas  .... 
Mocha  coffee 
Beans  .... 
Neilgherry  coffee  . 
Plantation  Ceylon  coffee 
Java  coffee  . 

Jamaica  coffee 

Native  Ceylon  coffee 

Costa  Rica  coffee  . 

Parsnips 

Carrots 

Black  malt  . 

Turnips 
Rye  malt 
English  chicory 
Dandelion  root 
Red  beet 
Foreign  chicory 
Guernsey  chicory  . 
Mangold  wurzel 
Roasted  figs 
Maize 

Bread  raspings 
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It  will  be  seen  from  the  above  table  that  the 
low  sp.gr.  of  the  coffee  infusion  distinguishes 
it  from  the  roots  and  cereals,  and  when  chicory 
is  the  only  substance  admixed  with  the  coffee, 
its  percentage  may  be  calculated  with  approxi- 
mate accuracy  by  a comparison  of  the  density 
of  the  infusion  of  the  mixture  with  the  average 
densities  of  coffee  and  chicory  given  in  the 
foregoing  table. 

The  same  observers  lay  stress  on  the  relative 
colouring  power  of  roasted  coffee  and  chicory, 
the  latter  being  four  and  a half  times  as  great 
as  the  former.  This  property  affords  a simple 
device  for  detecting  the  presence  of  roasted 
chicory  or  other  substances  containing  caramel 
when  admixed  with  coffee.  A few  grains  of 
the  sample  are  placed  on  the  surface  of  cold 
water  in  a glass,  without  stirring,  when,  if 
roasted  chicory  or  similar  substance  be  present, 
each  particle  emits  a yellowish- brown  coloured 
cloud,  which  is  rapidly  diffused  in  streaks 
through  the  water  till  the  whole  acquires  a 
brownish  colour,  whilst  pure  coffee  gives  practi- 
cally no  colour  to  the  water  in  similar  circum- 
stances. The  chicory  readily  sinks,  whilst  nearly 
the  whole  of  the  coffee  floats. 

If  examined  under  the  microscope,  the 
sediment  of  chicory  which  reaches  the  bottom 
of  the  vessel  will  be  found  to  exhibit  the  charac- 
teristic loose,  large  cells,  with  dotted  vessels 
and  branching  lactiferous  ducts.  Even  to 
the  touch  the  difference  is  evident,  for,  whilst 
chicory  under  these  conditions  will  feel  soft 
and  smooth,  the  coffee  grains  remain  hard  and 
gritty. 

A.  Winter  Blyth  (Foods  ; their  Composition 
and  Analysis,  359)  gives  the  following  sum- 
mary of  the  influence  of  chicory  on  the  coffee 
mixture  : — 


(1)  It  decreases  the  gum,  the  latter  seldom 
rising  in  chicory  to  more  than  15  p.c,,  whilst  in 
coffee  it  has  not  been  found  less  than  from  21 
to  28  p.c. 

(2)  It  increases  the  sugar,  roasted  coffee 
having  seldom  so  much  as  2 p.c.  of  sugar ; 
whilst  chicory,  when  roasted,  has  at  least  8 or  9 

p.c. 

(3)  It  decreases  the  fatty  matter,  the  fat  of 
chicory  ranging  from  1 to  over  2 p.c.,  that  of 
coffee  being  about  14  to  over  20  p.c. 

(4)  It  decreases  the  tannic  and  caffeotannic 
acids,  chicory  being  destitute  of  tannin. 

(5)  It  decreases  the  caffeine,  chicory  pos- 
sessing no  alkaloid. 

(6)  It  profoundly  modifies  the  constitution 
of  the  ash,  especially  by  introducing  silica, 
which  is  not  found  to  any  great  extent  in  coffee 
ash. 


Graham,  Stenhouse,  and  Campbell  laid  stress 
upon  the  presence  of  silica  as  a means  of  detec- 
tion of  the  admixture  of  chicory.  Their 
analysis,  showing  the  principal  differences  in 
the  composition  of  the  respective  ashes,  gives  : 


Silica  and  sand 
Carbonic  acid 
Ferric  oxide 
Chlorine 


In  coffee  ash  In  chicory  ash 

10-69  to  35-85 

14-92  1-78  „ 3-19 

0-44  to  0-98  3-13  „ 5-32 

0-26  „ 1-11  3-28  „ 4-93 


There  is  a marked  difference  in  the  propor- 
tion of  ash  soluble  in  water,  that  from  coffee 
VoL.  II. — T. 


amounting  to  from  75  to  85  p.c.,  and  in  chicory 
from  21  to  35  p.c. 

Negro  or  Mogdad  coffee  consists  of  the  seeds 
of  Cassia  occidentalis.  It  contains  no  caffeine 
nor  starch,  and  its  infusion  more  nearly  ap- 
proaches the  character  of  genuine  coffee  than 
any  other  known  coffee  substitute. 

Mussaendar  coffee  is  derived  from  the 
seeds  of  Gaertnera  vaginata.  It  contains  no 
caffeine. 

French  coffee  is  a description  commonly 
applied  to  a mixture  of  coffee  with  burnt  sugar 
and  a large  proportion  of  chicory.  As  the  latter 
ingredients  readily  absorb  moisture  on  exposure 
to  the  air,  such  mixtures  are  usually  preserved 
in  tins. 

Various  fraudulent  coffee  substitutes  have 
been  imposed  upon  the  public  by  specious 
advertising  under  fancy  names,  and  as  possessing 
certain  desirable  qualities  not  found  in  coffee. 
Such  are  Kunst  Jcaffee,  consisting  of  roasted  roots 
or  cereals,  and  often  moulded  into  the  form  of 
coffee  beans  ; Pelotas  coffee  and  Coffee  surroga  te, 
made  from  ground  acorns  ; Date  coffee  from  date 
stones,  or  torrified  dates  mixed  with  a small 
proportion  of  coffee  ; and  many  others. 

The  grosser  forms  of  adulteration  above 
referred  to  are  much  more  prevalent  in  the 
coffee-drinking  countries  of  the  continent  of 
Europe  and  in  the  United  States  of  America 
than  in  the  United  Kingdom.  J.  0. 

COGNAC  V.  Brandy. 

COHUNE  NUT  FAT.  The  nuts  of  the 
Cohune  Palm  {Attalea  cohune),  indigenous  to 
British  Honduras,  yield  from  65  to  72  p.c.  of 
a white  solid  fat  resembling  coco-nut  oil.  Sp.gr. 
at  100°/15-5°  0-868  to  0-871  ; acid  value  1-2  to 
20-4;  saponification  value  252-4-256-5  ; iodine 
value  ] DO  to  13 '7  ; Hehner  value  87*7 ; Reichert- 
Meissl  value  6 -8  to  8 -3  ; Polenske  value  1 2 *5  and 
15-4.  Solidifying  point  of  fatty  acids  19-7°- 
21*0°  (Bull.  Imp.  Inst.  1913,  11,  226;  1914, 
396). 

COKE  MANUFACTURE  AND  THE  RE- 
COVERY OF  BY-PRODUCTS. 

Introduction. — Previous  to  the  early  nineties, 
practically  the  whole  of  British  metallurgical 
coke  was  made  in  the  old  beehive  oven,  which, 
as  will  be  seen  from  what  follows,  is  a semi- 
combustion process,  involving  the  loss  of  the 
whole  of  the  gas  and  by-products,  together  with 
a portion  of  the  possible  coke  yield.  With  the 
gradual  disappearance  of  the  old  prejudices 
against  coke  made  in  by-product  ovens,  the 
latter  and  much  more  economical  process  began 
to  assert  itself,  and  in  1898,  1*25  million  tons  of 
coal  were  being  carbonised  in  by-product  coke 
ovens  ; in  1905  the  quantity  of  coal  so  treated 
reached  3*31  millions ; and  in  1916,  about 
14*60  millions.  Meanwhile,  the  number  of 
beehive  ovens  in  operation  had  decreased  from 
16,037  in  1910,  to  6892  in  1916.  According  to 
figures  published  by  the  Coal  Conservation 
Committee  at  the  end  of  1917,  some  8700  by- 
product ovens  were  in  operation  in  Great 
Britain  (of  which  8000  were  fitted  with  benzol 
recovery  arrangements)  with  a total  carbonising 
capacity  of  17*5  million  tons  of  coal  per  annum. 
In  1917,  166,354  tons  of  ammonium  sulphate 
were  produced  in  British  coke-oven  plants.  The 
practice  of  by-product  recovery  had  become 
universal  in  Germany  years  ago;  whilst  in  the 
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United  States  the  by-product  plants,  either 
building  or  in  operation  at  the  end  of  1917, 
were  capable  of  producing  24  million  tons  of 
coke  per  annum.  In  view  of  this  rapid  adoption 
of  the  by-product  coking  process  in  all  these 
countries,  the  following  article  will  be  confined 
to  a description  of  modern  coking  methods  viewed 
chiefly  from  a by-product  standpoint,  with 
only  a passing  reference  to  the  wasteful  beehive 
process. 

History  of  the  hy-product  coJcing  process.— 
The  earliest  reference  which  we  can  find  of  any 
observation  being  made  on  coal  as  a source  of 
by-products  is  that  contained  in  the  memoirs  of 
Johann  Joachim  Becher,  dating  about  the  end 
of  the  17th  century ; Becher  states  that  he 
has  found  means  for  treating  coal  ‘ so  that  it  no 
longer  smoakes  nor  stinks,’  and  in  doing  so 
made  a tar  equal  to  the  Swedish. 

The  use  of  coke  in  iron  smelting  became 
general  within  50  years  of  Becher’s  discovery, 
and  a French  metallurgist,  De  Gensanne,  de- 
scribes a process  working  at  Sulzbach  near 
Saarbrucken  prior  to  1768,  where  coal  was  coked 
for  iron  smelting,  tar  being  recovered  as  a by- 
product ; Stahl  is  said  to  have  been  the  inventor 
of  this  process,  and  he  produced  therefrom 
an  ‘ oil,’  bitumen,  sal-ammoniac,  and  lamp- 
black. 

In  1781  Archibald,  Earl  of  Dundonald,  wa« 
granted  a patent  for  ‘ allowing  coals  to  bum  or 
ignite  without  flaming,  so  by  their  own  heat  to 
throw  off  the  tar  or  oils  that  they  contain.’ 
Dundonald  stated  that  the  only  method  whereby 
tars  could  be  obtained  prior  to  his  discovery, 
was  by  a distillation  in  closed  retorts,  where 
the  admission  of  external  air  was  prevented, 
and  where  other  coals  were  required  for  heating 
besides  the  coal  contained  in  the  closed  vessel. 
It  is  interesting  to  note  that  Dundonald  was 
perfectly  aware  of  distillation  in  closed  retorts, 
which  is  the  basis  of  modern  by-product 
coking  methods,  and  it  is  also  evident  that 
his  knowledge  of  closed  retorts  was  16  years 
previous  to  the  introduction  of  coal  gas  for 
street  and  household  illumination  in  1797. 

In  1838  Frederick  Neville  obtained  protec- 
tion for  an  invention  which  consisted  in  heating 
ordinary  gas  retorts  by  the  waste  heat  from 
beehive  coke  ovens,  the  distilled  gases  from  the 
retorts  being  passed  though  condensing  and 
scrubbing  appliances.  William  Newton,  in  1852, 
introduced  the  use  of  an  aspirator^or  pump  for 
withdrawing  the  gases  from  coke  ovens  through 
condensers  and  rubbers.  Newton  likewise 
mentions  the  use  of  acids  for  removing  the 
ammonia  from  the  gases.  In  1860  W.  H. 
Kingston  patented  a coke  oven  provided  with 
external  furnace,  from  which  the  heat  evolved 
by  the  combustion  of  an  auxiliary  supply  of 
coal  was  conducted  round  the  oven  through  a 
system  of  flues  ; the  evolved  gases  were  passed 
through  a series  of  pipes  and  condensing  vessels 
for  the  recovery  of  the  by-products.  Kingston’s 
patent  is  especially  noteworthy,  since  he  recog- 
nises that  the  true  method  for  the  recovery  of 
by-products  from  coal  lies  in  heating  the  coal  in 
closed  chambers,  and  not  in  chambers  to  which 
air  is  admitted. 

With  regard  to  Continental  practice,  in  1850 
M.  M.  Pauwels  and  Dubouchet,  and  in  1862, 
Pernelot,  introduced  systems  of  earbonising 


coking  coals  in  long  rectangular  chambers, 
heated  from  below  by  the  regulated  combustion 
of  part  of  the  gas  in  flues  specially  constructed 
under  the  floor,  for  the  purposes  of  manufacturing 
metallurgical  coke  and  removing  tars,  oils,  and 
ammonia.  The  Pernelot  system  was  tried  in 
the  north  of  England  in  1870,  but  the  coke 
produced  was  too  soft  for  metallurgical  pur- 
poses. 

In  1856  Knab  erected  a coal-distillation 
plant  at  Commentry,  on  the  closed-retort 
system  with  bottom  flues,  but  made  no  attempt 
to  recover  by-products.  Later  Knab  was  joined 
by  Carves,  who  (1866-1873)  introduced 
improved  methods  of  heating  by  side  flues  in 
addition  to  the  bottom  flues,  thus  obtaining  a 
more  even  distribution  of  temperature  and  a 
quicker  rate  of  carbonisation.  Carves  likewise 
utilised  the  gases  (from  which  the  by-products 
had  been  extracted)  in  the  side- wall  flues,  in 
addition  to  the  auxiliary  coal  as  employed  by 
Knab.  The  Knab-Carves  ovens  at  Commentry 
gave  the  following  results  : — 


Large  coke 

. 70-00 

Breeze  .... 

. 1-50 

Dust  .... 

. 2-50 

Graphite 

. 0-50 

Tar  .... 

. 4-00 

Ammoniacal  liquor 

. 9-00 

Gas  .... 

. 10-58 

Loss  .... 

. 1-92 

100-00 

Further  plants  on  the  Carves  system  were  , 
erected  at  Besseges  and  Terre-Moire,  near  St.  ' 
Etienne,  between  the  years  1866  and  1873,  and  i 
were  still  further  improved ; the  Carves  ovens 
working  at  Besseges  in  1880  were  built  with  1 
carbonising  chambers  only  24  inches  wide,  to 
facilitate  rapid  heat  penetration  and  quick  [ 
carbonisation.  In  1881  Mr.  H.  Simon  of  [ 
Manchester  introduced  a recuperator,  whereby  f 
the  air  necessary  for  the  combustion  of  the  gas  ' 
in  the  side-wall  flues  of  the  Carves  oven  was  f 
preheated  by  the  waste  gases  escaping  from  the  i 
flues,  and  thus  the  rate  of  carbonisation  was  f 
still  further  increased,  the  combined  work  of  I 
the  two  investigators  resulting  in  the  well-  ; 
known  Simon-Carves  oven,  which  may  be  held  I 
to  be  the  precursor  of  the  modem  by-product  I 
coking  retort.  * 

Following  on  the  success  of  the  Simon-  1 i 
Carves  process,  other  coke-oven  patents  were  I 
filed,  viz.  Semet-Solvay,  1880  ; Hiissener,  1881  ; [j 
Liirmann,  1882  ; Otto  and  Brunck,  1883  ; but  [l 
although  development  was  rapid  on  the  Con-  j 
tinent,  little  was  done  in  this  country  before  i 
the  nineties,  owing  to  the  prejudice  of  iron  f 
smelters  against  by-product  coke ; that  this  i 
prejudice  has  now  disappeared  will  be  seen  from 
the  rapid  adoption  of  the  process,  indicated  by  j 
the  figures  at  the  beginning  of  this  article.  The 
by-product  coking  plants  which  have  generally 
found  acceptance  in  this  country  are  the  Otto- 
Hilgenstock,  Simon-Carves,  Koppers,  Semet- 
Solvay,  Simplex,  Copp^e,  and  Hiissener. 

Non-hy -product  and  hy-product  ovens  com-  \ 
pared. — Prior  to  the  establishment  of  the  by-  ■ 
product  coking  process,  the  t3rpe  of  oven  univer- 
sally employed  was  that  known  as  the  beehive,  f 
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This  oven  (Fig.  1)  consists  of  a fireclay  chamber, 
beehive  shape  in  elevation  and  circular  in  plan, 
provided  with  a loose  brick  charging  door  at 
ground  level,  and  with  an  exit  flue  in  its  crown 
for  carrying  the  waste  gases  to  the  chimney. 
The  coal  is  charged  into  the  oven  by  spades, 
through  the  charging  door,  to  a height  of 
2 feet  6 inches  to  3 feet,  is  then  ignited,  and  the 
charging  door  bricked  up  and  plastered,  a small 
hole  6 inches  square  being  left  for  the  admission 
of  air.  The  upper  layer  of  the  coal  burns  and 
sets  up  distillation  of  the  under  layers,  the 
evolved  gases  passing  upwards  and  burning 
in  the  dome  of  the  oven,  with  the  air  drawn  in 
at  the  door.  The  dome  is  thus  soon  heated 
up  to  a high  temperature,  and  by  radiation 
powerfully  assists  in  carbonising  the  charge  of 
coal  below.  This  operation  of  distillation  and 
immediate  combustion  proceeds  until  the  whole 
of  the  volatile  constituents  of  the  coal  ha,ve 
been  evolved,  which  for  a 10-ton  charge  occupies 
70  hours.  The  coke  is  then  quenched  with 
water  and  withdrawn  by  rakes. 

It  will  be  seen  that  by  this  process,  the  whole 
of  the  volatile  products,  that  is  to  say,  benzols 
and  ammonia  together  with  the  permanent  gases, 
are  burned  immediately  they  are  evolved  within 
the  coking"  chambers  itself ; further  it  is  not 
possible  to  so  regulate  the  combustion  of  these 
gases  without  burning  a portion  of  the  coke 
in  addition ; in  actual  practice,  from  15  to 
20  p.c.  of  the  coke  is  burned  to  waste.  For 
the  reason,  too,  that  the  coke  is  quenched 
inside  the  oven,  the  temperature  of  the  latter  is 
lowered,  so  that  before  the  next  charge  can  be 
coked,  considerable  expenditure  of  heat  is 
necessary  to  raise^the  oven  to  coking  tempera- 
ture. The  removal  of  the  coke  by  hand-rakes 
is  also  tedious  and  expensive. 

With  the  object  of  overcoming  the  main 
drawbacks  of  the  beehive  oven,  Coppee  intro- 
duced a non-by-product  retort  of  rectangular 
form,  from  which  the  coke  could  be  discharged 
en  bloc  by  a ramming  machine  and  quenched 
outside  the  oven,  thus  expediting  the  operation 
and  greatly  increasing  the  yield.  In  Coppee’s 
oven  (Fig.  2)  the  gases  evolved  from  the  coal 
are  drawn  into  flues  in  the  side  walls  where 
they  are  burned,  and  in  this  way  com- 
bustion within  the  coking  chamber  and  loss 
of  coke,  as  occurs  in  the  beehive  oven,  is 
avoided. 

The  by-product  retort  (Fig.  3)  is  built  on  the 
same  lines  as  the  Coppee,  that  is  to  say,  it  is 
a rectangular  chamber  heated  by  flues  in  the 
side  walls,  and  the  coke  is  discharged  by  a 
ramming  machine ; the  essential  point  of 
difference  lies  in  the  fact  that  in  the  Coppee 
the  whole  of  the  gases  containing  the  by-products 
are  drawn  immediately  they  are  evolved  into 
the  side-wall  heating  flues,  where  they  are 
burned ; in  the  by-product  retort,  the  gases 
and  products  are  drawn  from  the  oven  through 
cooling  and  washing  plant  for  the  recovery  of 
the  tars,  ammonia,  and  benzol,  and  the  perma- 
nent ga.s  only  is  burned  in  the  flues  after  the 
said  products  have  been  extracted.  In  the 
Coppee,  the  whole  of  the  permanent  gas  is 
burned  in  the  heating  flues  ; in  the  by-product 
oven,  only  one-half  to  two-thirds  of  the  gas  is 
utilised  in  the  flues,  the  remainder  being  avail- 
able for  heating  or  power  purposes. 


The  followins:  diagrams  illustrate  the  essential 
differences  in  the  three  types  of  oven. 


Fig.  2. — Coppee.  Fig.  3. — By-peoduct 

EETOET. 

It  will  be  seen,  therefore,  that  in  addition  to 
effecting  the  theoretical  coke  yield,  and  a large 
output,  the  by-product  retort  yields  valuable 
by-products  and  a.  considerable  yield  of  power 
or  heating  gas.  The  average  yields  (calculated 
upon  100  parts  of  dry  coal)  of  coke  and  by-pro- 
ducts obtainable  from  British  coking  coals  of 
different  origin  by  the  most  up-to-date  methods, 
are  approximately  as  follows  : — 


Origin 

Coke 

Anliyd. 

tar. 

Crude 

benzol 

Ammo- 

nium 

sulphate 

Durham  . 

75  0 

3-85 

0*93 

U16 

South  Yorkshire 

70-0 

3-62 

1-37 

1-35 

Lancashire 

70-0 

3-50 

U20 

1-25 

South  Wales 

80-0 

2*62 

0-60 

0-95 

Scotland  . 

68-0 

3-25 

0-70 

I'OO 

The  by-product  process  described  in  detail. — 
The  by-product  retort  usually  measures  from 
30  to  33  feet  in  length,  from  5 feet  9 inches  to 
7 feet  6 inches  in  height,  from  17  to  22  inches 
in  width,  and  is  built  in  batteries  of  from  25  to 
60  ovens,  capable  of  carbonising  from  100  to  350 
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Table  showing  the  Return  from  carbonising  a Lancashire  Coal  containing  30  p.c. 
Volatile  Matter,  i.e.  a Theoretical  Coke  Yield  of  70  p.c.  in  the  Three  Types  of  Oven. 


Beehive 

Copp6e 

By-product  retort 

Combustion  within  coking 

Coking  chamber  heated  ex- 

Coking  chamber  heated  ex- 

chamber,  quenching  inside 

ternally  by  gas  from  which 

ternally  by  gas  from  which 

oven 

by-products  not  extracted  : 
quenching  outside  oven 

by-products  have  been  ex- 
tracted : quenching  outside 
oven 

Yield  of  dry  coke  = 56  p.c. 

70  p.c. 

70  p.c. 

„ tar  — 

— 

4’0  to  4‘5  p.c. 

,,  sulphate  of  ammonia 

— 

DO  to  1*2  p.c. 

„ benzol  — 

2*5  to  3*0  gallons  of  crude 
benzol  testing  62  p.c.  at 
120°  per  ton  of  coal 

Waste  heat — 

In  most  cases  not  utilised 

Always  utilised : equal  to  1 ton 

Always  utilised : equal  to  1 ton 

but  approximately  equal  to 

of  water  per  ton  of  coal 

of  water  per  ton  of  coal 

0*75  ton  of  water  evapo- 
rated per  ton  of  coal 
carbonised 

carbonised 

carbonised 

Surplus  gas  if  required  for 
other  purposes  than  steam 
raising,  e.g.  gas  engines  or 
furnaces,  3000  to  5000 
cubic  feet  per  ton  of  coal 

Amount  of  coke  produced  per 

oven  per  week  = 7 to  1 0 tons 

24  to  26  tons 

24  to  26  tons 

tons  of  coal  per  day.  Each  oven  is  provided 
with  cast-iron  or  rolled-steel  doors  at  each  end, 
lifted  by  a small  crane  whenever  an  oven  is 
discharged,  and  with  three  holes  in  the  roof 
through  which  the  coal  is  charged  into  the 
oven  from  the  charging  hoppers  ; a fourth  hole 
is  provided,  through  which  the  gases  are  led  to 
an  ascension  pipe  from  which  they  pass  to 
the  by-product  plant.  The  oven  linings  and 
combustion  flues  are  constructed  of  silicious 
firebricks  containing  from  80  to  84  p.c.  of  silica, 
from  13  to  18  p.c.  of  alumina,  and  2 p.c.  of 
other  constituents  (iron  oxide,  lime,  magnesia, 
and  the  alkalis).  In  the  United  States,  how- 
ever, silica  bricks  (Si02=94  p.c.)  are  extensively 
employed.  They  are  superior  in  heat  conductivity 
to  a more  aluminous  brick,  but  are  less  satis- 
factory when  ‘washed  ’ coals  (containing  say 
10  to  15  p.c.  water)  are  being  coked.  The  design 
of  the  heating  flues  constitutes  the  main  difference 
between  the  various  types  of  oven ; the  Simon- 
Carves,  Semet-Solvay,  Hiissener,  and  Simplex 
containing  horizontal  flues;  the  Otto-Hilgenstock, 
Otto-Hoffmann  and  Koppers  prefer  vertical  flues 
(Figs.  4 and  5).  In  all  cases  the  air  required 
for  the  combustion  of  the  gas  in  the  heating 
flues  is  preheated  either  by  passing  it  through 
recuperators  in  which  it  travels  through  a system 
of  flues  situated  alongside  the  waste  gas  flues  of 
the  oven,  or  through  regenerators  similar  to 
those  employed  in  open-hearth  steel  furnaces, 
where  the  hot  waste  gases  and  air  are  alternately 
taken  over  the  same  surface  (Fig.  6).  Where  a 
large  supply  of  surplus  gas  is  desired  from  a 
coMng  plant,  the  regenerative  method  of  pre- 
heating the  air  is  to  be  preferred,  since  it  is 
more  effective  and  less  gas  is  required  for  heating 
the  flues  ; the  amount  of  surplus  gas  available 
from  a Lancashire  coal  containing  30  p.c.  of 
volatile  matter,  may  be  taken  at  2000^cubic  feet 
per  ton,  where  recuperative  heating  is  employed, 


and  5000  cubic  feet  per  ton  where  regeneratives 
are  used. 

The  coal  is  generally  charged  into  the  oven 
through  the  crown  from  small  hoppers,  carrying 
the  coal  on  rails  from  the  storage  bunker, 
the  coal  flowing  into  the  oven  being  levelled  by 
hand-rake  or  levelling  machine.  In  cases  where 
the  coal  employed  is  not  of  a strong  coking 
character,  the  fuel  is  stamped  into  a solid  cart- 
ridge in  a compressing  machine  and  charged 
into  the  oven  en  bloc  through  the  end  doorway. 
The  coke  is  discharged  from  the  oven  by  a ram., 
generally  electrically  driven  ; often  the  levelling 
machine  or  compressor  is  built  on  the  same 
carriage  as  the  ram,  and  driven  by  the  same 
motor.  The  coke  is  received  from  the  ovens 
on  a sloping  bench,  where  it  is  quenched  with 
water,  and  from  which  it  slides  into  railway 
trucks,  furnace  barrows,  or  a conveyor.  The 
heating  flues  of  each  oven  discharge  into  a 
common  flue,  which  leads  the  waste  gases  in 
the  case  of  recuperator  types  to  steam  boilers  ; 
with  regenerator- ovens,  the  gases  are  led  direct 
to  the  chimney  stack.  The  gases  distilled  from 
the  coal  collect  above  the  level  of  the  fuel  and 
pass  forward  to  the  ascension  pipe  or  stand 
pipe,  which  delivers  the  gas  into  the  tar  or 
hydraulic  main,  which  receives  the  gases  from 
the  entire  battery.  A valve  or  damper  is  pro- 
vided on  each  ascension  pipe  for  shutting  off 
each  oven  whilst  the  latter  is  being  discharged 
and  recharged.  In  the  tar  or  hydraulic  main 
the  heavier  tars  or  pitches  are  deposited,  and 
in  the  ‘ dry  ’ types  of  main,  it  is  necessary  to 
pump  the  thinner  tars  made  at  a later  stage 
of  the  cooling,  through  the  main  to  clear  the 
pitch  and  prevent  stoppages. 

In  the  older  systems  of  by-product  recovery, 
which  are  now  being  rapidly  superseded  by 
more  ‘ direct  ’ methods  (q.v.),  the  gases  are 
drawn  from  the  main  by  an  exhauster  (either 


COKE  MANUFACTURE  AND  THE  RECOVERY  OF  BY-PRODUCTS.  325 


5. — Horizontal-flued  Coke  Oven:  the  Semet-Solvay,  non  regenerative.  Fig.  5a. — Section  TiiEoroH  Semet-Solyay  Oven. 
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Fig.  G. — Reg'Gnerative  Vertical-elued  Coke  Ovek:  the  Otto-Hilgehstock 
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steam  or  electrically  driven),  a Root’s  blower, 
or  some  form  of  aspirator,  through  coolers. 
These  coolers  are  either  plain  pipes  or  cylinders 
ofiering  a large  amount  of  atmospheric  cooling 
surface,  or  are  water-cooled  chambers ; in 
these  condensers,  the  bulk  of  the  remaining 
tar,  together  with  the  greater  proportion  of  the 
ammonia  hquor,  is  precipitated.  From  the 
condensers,  the  gases  pass  into  the  exhauster 
or  aspirator,  which  then  delivers  them  at  a 
pressure  into  a tar-fog  extractor.  This  vessel 
is  employed  to  remove  the  last  traces  of  tar 
which  exist  in  the  gas  in  an  extremely  fine 


state  of  division,  and  which  no  amount  of 
cooling  would  remove.  The  tar  extractor,  of 
which  the  Pelouze  Andouin  and  Livesay  are 
types,  operates  by  dividing  the  gas  into  numerous 
thin  streams  by  means  of  very  small  gas  passages, 
the  agglomeration  and  removal  of  the  tar 
particles  being  effected  by  the  wire  drawing  and 
friction  thus  afforded. 

From  the  tar  catcher  the  gases  pass  into  the 
ammonia  scrubber,  where  the  last  of  the  ammonia 
not  recovered  by  the  condensers  is  removed  by 
contact  with  weak  ammonia  liquor  and  water. 
The  types  of  ammonia  scrubber  generally  em- 


7^ Showing  arrangement  oe  Gas  Cooling,  Scrubbing  of  Sulphate  of  Ammonia 

Pi.ANT,  Old  Method. 


A,  Oven. 

B,  Hydraufic  main. 

C,  Condensers  or  coolers. 

D,  Tar  catcher  (Pelouze). 

E,  Exhauster. 

F,  Scrubber. 

Gr,  Beturn  main  to  ovens. 


, Liquor  feed  to  scrubber. 
Tar  pump  to  store. 
Liquor  pump  to  sulphate 
plant. 

Tar  and  ammonia-liquor 
tank. 

Liquor  feed  to  still. 


N, 

O, 

P, 

Q, 


Cooler  for  sulphate  plant 
waste  gases. 
Superheater. 

Purifiers  for  sulphate 
plant  waste  gases. 
Ammonia  still. 


R,  Lime  feed  to  still. 

S,  Saturator. 

T,  Sulphate  draining  table, 

U,  Mother  liquor  well. 

V,  Spent  liquor  outlet. 

W,  Spent  liquor  settling 

tank. 


ployed  are  similar  to  those  employed  at  gas 
works,  and  are  either  of  the  tower  or  rotary 
form.  In  the  tower  scrubber,  the  gases  pass 
upwards  through  a mass  of  coke  or  other  open 
material,  meeting  a downward  current  of  water 
or  ammonia  liquor  pumped  in  at  the  top.  ^ In 
the  rotary  scrubber,  the  gas  is  caused  to  im- 
pinge on  revolving  brushes  or  circular  wooden 
screens,  which  dip  into  the  water  or  liquor  in 
the  lower  half  of  the  vessel,  and  pass  upwards 
with  wet  surfaces  into  the  upper  half  of  the 
scrubber,  where  the  gas  is  circulating,  and  solu- 
tion of  amfuonia  is  attained.  The  gas  then 
passes  forward  to  the  benzol  scrubber,  which  is 
constructed  on  similar  lines  to  that  employed 
for  ammonia  removal,  creosote  or  anthracene 


heavy  oil  being  employed  for  the  solution  and 
recovery  of  the  benzol  vapour. 

The  g£is  having  been  freed  from  its  tar, 
ammonia  liquor,  and  benzol,  is  then  passed 
forward  to  the  ovens,  where  it  is  fed  into  the 
heating  flues,  the  surplus  being  passed  forward 
to  boilers,  gas  engines,  or  gas  holder. 

The  tars  and  ammonia  liquors  made  in  the 
hydraulic  main,  condensers,  tar  catchers,  and 
ammonia  scrubber  are  collected  and  run  into 
separators  or  tanks,  where  the  denser  tar  settles 
to  the  bottom,  is  withdrawn  and  despatched  to 
the  tar  stores.  The  liquors  which  remain 
above  the  tar  are  run  off  to  the  sulphate  of 
ammonia  plant,  where  the  liquor  is  pumped 
1 into  overhead  store  tanks,  whence  it  is  allowed 
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to  flow  by  gravity  through  a preheater  (heated 
by  the  waste  gases  from  the  sulphate  plant), 
and  thence  into  a distilling  column,  where  it 
flows  downwards,  meeting  in  its  travel  an  up- 
ward current  of  steam,  which  liberates  the  free 
or  combined  ammonia.  In  the  lower  half  of 
the  still,  milk  of  lime  is  mixed  with  the  liquor 
for  the  liberation  of  the  ammonia  from  the  fixed 
salts  ; the  whole  of  the  ammonia,  together  with 
steam,  sulphuretted  hydrogen,  carbonic  acid,  and 
hydrocyanic  acid,  pgiss  upwards  through  the 
still  and  into  a lead-lined  vessel  called  the 
saturator,  containing  sulphuric  acid.  The  am- 
monia combines  with  the  acid  to  form  ammo- 
nium sulphate,  which,  when  the  liquor  in  the 
bath  becomes  saturated,  crystallises  out  and  is 
removed  either  by  copper  scoops,  a valve,  or 
by  a steam  injector.  The  sulphuretted  hydro- 
gen and  ’other  gases  pass  from  the  saturator 
to  the  preheater,  where  they  serve  to  heat  the 
liquor  passing  to  the  still ; thence  the  gases 
travel  to  a condenser  where  they  are  cooled, 
and  afterwards  to  purifiers  where  the  sulphur- 
etted hydrogen  is  removed  by  oxide  of  iron. 
The  waste  liquors,  which  should  not  contain 
more  than  O'Ol  p.c.  ammonia,  are  run  into  the 
sewers  or  watercourses,  and  are  a frequent 
source  of  trouble  to  the  river  boards.  By  the 
Otto-Hilgenstock  method  of  by-product  re- 
covery, to  be  described  later,  the  production  of 
these  waste  liquors  is  entirely  obviated. 

The  recovery  of  crude  benzol  from  its  solution 
in  creosote  or  anthracene  oil  is  effected  in  a 
distilling  column  somewhat  similar  to  that 
employed  for  the  recovery  of  ammonia  from 
liquor,  the  heating  of  the  solution  of  benzol  in 
the  absorbent  being  effected  by  wet  steam 
assisted  by  dry  steam.  The  vapours,  steam, 
and  benzol  pass  from  the  top  of  the  still  to  a 
water-cooled  coil,  where  they  are  together 
condensed,  the  condensates  being  separated 
by  reason  of  their  different  densities.  The 
grade  of  crude  benzol  thus  obtained  varies 
with  the  class  of  absorbent  oil  employed ; with 
creosote,  62  p.c.  of  the  product  distils  at  120°, 
with  anthracene  oil  the  benzol  is  richer,  80  p.c. 
distilling  at  120°.  For  the  rectification  of 
crude  benzol,  the  product  is  washed  successively 
with  strongest  oil  of  vitriol,  water,  and  caustic 
soda,  and  redistilled. 

Direct  Recovery  Systems. — Two  successful 
attempts  have  been  made  to  simplify  the  old 
system  of  treatment  of  coke-oven  gases  for  the 
recovery  of  ammonia,  viz.  the  inventions  of  the 
Koppers  and  Otto-Hilgenstock  Coke  Oven  Com- 
panies. Koppers  treats  his  gases  by  the  old 
system  up  to  the  point  of  the  tar-fog  extraction. 
He  then  reheats  his  tar-free  gas  by  passing  it 
in  pipes  surrounded  by  the  hot  gases  coming 
j from  the  ovens  in  an  apparatus  called  a heat 
I exchanger,  and  then  passes  the  heated  gas  direct 
into  a sulphate  saturator,  into  which  is  likewise 
passed  the  ammonia  from  the  liquor  made  in 
the  condensers,  which  is  distilled  in  an  ordinary 
ammonia  stfll.  In  short,  Koppers  abolishes  the 
usual  ammonia  scrubber  and  substitutes  the 
sulphate  saturator,  thus  making  his  sulphate 
direct  on  the  gas  main  (Fig,  9).  By  thus  using 
the  sulphuric  acid  in  the  saturator  for  scrubbing 
out  the  ammonia,  Koppers  dispenses  with  the 
water  utilised  in  the  old  scrubber,  thereby  re- 
ducing the  total  amount  of  liquor  produced,  and 
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effecting  an  economy  in  the  amount  of  steam 
requii’ed  in  the  ammonia  distillation. 

A more  extensive  simplification  is  effected 
by  the  invention  of  the  Otto-Hdgenstock  Co. 
of  Dahlhausen,  who  dispense  entirely  with  the 
old  condensing  plant  and  remove  the  tar  from 


the  gases  by  means  of  a tar  spray  at  a tempera- 
ture above  the  dew-point  of  the  liquors.  The 
tar-free  gases  then  pass  direct  into  a saturator, 
where  the  whole  of  the  ammonia  is  caught  by 
sulphuric  acid.  The  gases  issuing  from  the 
saturator  still  contain  their  liquors  in  steam 


Fig.  9. — Koppees’  By-peoduct  Recoveey  Peocess. 


A,  Oven. 

B,  Hydraulic  main. 

C,  Heat  exchanger. 
H,  Condensers. 

E,  Exhauster. 


F,  Tar  extractor. 

G,  Liquor  pump  to  still. 

H,  Feed  tank  to  still.; 

I,  Liming  chamber. 


J,  Ammonia  still. 

K,  Saturator. 

L,  Acid  spray  catch-box. 

M,  Tar  store  tank. 


N,  Tar  of  liquor  receiving 

tank. 

O,  Liquor  tank. 

P,  Pump  delivering  tar  to 

railway  trucks. 


form,  and  the  whole  passes  forward  to  the  oven- 
flues,  and  the  offensive  and  troublesome  waste 
liquors  are  thus  got  rid  of.  The  Otto  system, 
by  abolishing  the  condensing  plant,  hquor  tanks, 
ammonia  stills,  hme  mixers,  and  pumps,  waste 
liquor  tanks,  &c.,  effects  a great  economy  in 
ground  space.  It  hkewise  saves  nearly  the 
whole  of  the  steam  required  to  distil  the 
ammonia  liquor  made  by  the  old  condensing 


process,  and,  by  passing  the  whole  of  the 
ammonia  through  sulphuric  acid,  losses  of 
ammonia,  which  are  liable  to  occur  in  the  old 
process  of  ammonia  liquor  distillation,  are 
rendered  impossible.  The  ammonium  sulphate 
made  by  the  Otto  direct-recovery,  tests  from 
25  to  25 '5  p.c.  of  ammonia,  and  contains  only 
the  merest  traces  of  tar,  viz.  0'05-0T  p.c. 
(Figs.  10,  11,  and  12). 


A,  Tar-spray.  F,  Saturator.  J,  Tar  store.  M,  Pump  delivering  con- 

B,  Tar-spray  receiving  tank.  G,  Acid  spray  catch-box.  K,  Tar  spray  overflow  densings  to  saturator. 

C,  Tar-spray  pump.  H,  Mother  liquor  return  tank.  N,  Pump  delivering  tar  to 

D,  Tar-spray  feed  pump.  pipe.  L,  Condensing  tank.  railway  trucks. 

E,  Exhauster. 

Modeen  Methods  foe  the  Recoveey  of  situation  prevents  all  fear  of  any  acid  spray  being 
Naphthalene  and  Benzols.  carried  over  from  the  saturator)  and  on  to  the 

Recovery  of  Naphthalene. — The  gas  from  the  naphthalene  extractor  and  spray  cooling  tower,  h. 
saturator,  which  is  now  freed  from  both  ammonia  (Fig.  13.)  This  tower  is  quite  devoid  of  any 
and  tar,  but  still  containing  the  benzol,  moisture  filling  or  apparatus,  but  at  the  top  there  are 
and  naphthalene,  passes  through  a lead-lined  several  jets  through  which  cold  water  is  sprayed 
catch  pot  (not  shown  in  the  diagram,  but  whose  i at  high  pressure.  The  action  of  this  mass  of 
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finely-divided  cold  water  beating  suddenly  on 
to  the  hot  gas  produces  a rapid  chill,  which, 
together  with  the  concussion  brought  about  by 
the  water,  precipitates  and  washes  out  practically 
all  the  naphthalene,  which  flows  away  along 
with  the  water  into  a catch  tank  beneath  this 
apparatus.  The  naphthalene  is  filtered  off 
whilst  the  water  can  be  either  allowed  to  flow 
away,  or  re-cooled  and  used  over  again  con- 
tinuously, as  ciicumstances  permit.  This  tower 
also  serves  the  purposes  of  cooling  the  gases, 
tt  is  necessary  to  extract  the  naphthalene, 
otherwise  it  would  pass  on  to  the  benzol  scrub- 
bers, where  it  would  be  dissolved  by  the  benzol 
wash  oil,  which  would  very  soon  become 
saturated  with  naphthalene  and  rendered  useless 
for  the  purpose  of  collecting  benzol.  The 
naphthalene  thus  extracted  is  of  a pale  yellow 
colour,  and  is  readily  sold  in  this  country  for 
50cS.  a ton,  which  more  than  pays  the  cost  of 
running  this  part  of  the  plant. 

Recovery  of  Benzols. — The  gas  now  being 
cooled  but  still  containing  the  benzol,  passes 
through  the  exhauster,  k,  and  a second  water 
cooler^  L,  and  thence  to  the  benzol  scrubbers,  mm, 
which  vary  in  number  according  to  the  size  of 
the  plant  (Fig.  13).  These  scrubbers  are  from 
about  50  to  70  feet  high,  the  lower  portion 
forming  a reservoir  for  the  circulating  benzol 
wash  oil,  and  the  remaining  portion  being  filled 
with  wooden  grids.  Benzol  wash  oil  is  con- 
stantly circulated  downwards  over  these  grids, 
the  gas  having  to  pass  upwards  through  them. 
By  this  means  the  gas  is  brought  into  very 
intimate  contact  with  the  oil,  with  the  resulting 
absorption  of  the  benzol.  After  leaving  these 
scrubbers  the  gas  passes  either  wholly  back  to 
the  ovens,  or  in  the  case  of  regenerative  ovens, 
about  one-half  of  it  returns  to  the  ovens,  and 
the  other  half  is  used  either  for  firing  boilers, 
town  lighting,  operating  gas  engines,  or  any 
other  purpose. 

A fuller  account  of  the  process  is  given  in  a 
paper  by  Mr.  E.  Bury  before  the  Institution 
of  Mining  Engineers  in  the  year  1914,  from 
which  the  following  temperatures  of  a plant 
at  New  Brancepeth  Collierv  (Co.  Durham)  are 
taken  ; — 


Hydraulic  main 
Before  tar  extraction 
After  „ „ 

In  saturator  . 

After  ,, 

After  exhauster 


Cent. 

225° 

86° 

58° 

67° 

58° 

66° 


Distillation  and  Rectification  of  Benzols. — 
The  ‘ wash  oil  ’ containing  the  benzols  in  solu- 
tion is  sent  on  to  the  continuous  crude  benzol 
still,  N (Fig.  14),  where,  after  being  pre-heated 
by  the  hot  vapours  coming  away  from  the  still, 
it  passes  downwards  over  a series  of  trays. 
Dry  steam  at  about  100  lbs.  pressure,  reduced, 
however,  at  the  still  to  10  lbs.  pressure,  is 
delivered  into  the  bottom  of  the  apparatus,  and 
passing  upwards  bubbles  through  the  wash  oil 
liberating  the  benzol  hydrocarbons  which  it 
carries  over  into  the  condenser,  p.  Here  the 
steam  and  benzols  are  condensed,  and  the  con- 
densed water  and  oil  separated.  The  crude 
benzol  then  either  passes  into  a storage  tank,  or 
(if  its  rectification  is  to  be  carried  out)  into  the 
‘ primary  rectifying  still,’  s.  The  debenzolised 
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PfQ;  12. Otto-Hilgenstock  Direct  Recovery  Plant  erected  for  the  Sktnningrove  Iron  Co 
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‘ wash  oil  ’ leaving  the  crude  benzol  still  is 
passed  through  the  refrigerator,  r,  whence,  after 
being  cooled  down  to  the  atmospheric  tempera- 
ture, it  is  sent  into  the  ‘ oil  storage  tank,’  t, 
and  from  there  it  is  used  over  again  in  the 
benzol  scrubbers. 

The  crude  benzol  is  first  of  all  fractionally 
distilled  in  the  primary  rectifying  still,  s, 
3000-5000  gallons  capacity  and  intermittent  in 
its  working,  in  which  it  is  heated  under  high 
pressure  by  means  of  steam  coils,  and,  with  the 
aid  of  a long  dephlegmating  column,  it  is 
separated  into  : — 

(1)  Crude  90  p.c.  Benzol 

(2)  „ 90  „ Toluol 

(3)  „ 90  „ Xylol 

(4)  „ 90  ,,  Solvent  naphtha 

Each  of  these  fractions  is  separately  condensed 
and  pumped  into  a large  vessel,  v,  termed  the 


agitator,  where  it  is  successively  treated  with 
(a)  pure  strong  sulphuric  acid,  and  (b)  a solution 
of  caustic  soda,  in  order  to  remove  all  resinous, 
basic,  or  acidic  substances.  Each  of  the 
‘ washed  ’ fractions  is  finally  refractionated 
under  reduced  pressure  in  the  ‘ secondary 
rectifying  still,’  w,  and  the  redistilled  resulting 
fractions,  after  condensation,  are  sent  forward 
into  their  respective  storage  tanks,  xyz,  ready 
for  transport. 

Other  firms  (e.g.  the  Simon-Carves  and  the 
Simplex  Companies)  have  also  adopted  efficient 
‘ direct  recovery  ’ processes,  on  much  the  same 
lines  as  the  Otto  process  just  described,  the 
chief  difference  beWeen  them  being  in  the 
precise  mechanical  arrangement  for  the  removal 
of  tar  and  tar  fog  from  the  hot  gas  before  it 
enters  the  saturator  where  the  ammonia  is 
absorbed,  i- 

Alcohol  from  Coke  Oven  Oas. — Attention 


should  here  be  drawn  to  the  successful  process 
worked  out  by  E.  Bury  and  O.  Ollander  at  the 
Skinningrove  Ironworks  for  the  absorption  of 
the  ethylene  in  coke  oven  gas  by  cone.  H2SO4 
(forming  ethyl  hydrogen  sulphate),  and  its  sub- 
sequent recovery  therefrom  as  ethyl  alcohol. 
The  process,  which  is  fully  described  in  the 
Coal  and  Iron  Trades  Review  for  December, 
1919  {q.v.),  consists  essentially  in  {a)  absorbing 
the  C2H4  from  the  dried,  debenzolised,  and 
HgS-free  gas  by  means  of  95  p.c.  H2SO4  in  a 
series  of  towers,  on  the  counter-current  principle, 
at  a temperature  between  60°  and  80°C.  ; and 
subsequently  (6)  treating  the  strong  acid  con- 
taining the  ethyl  hydrogen  sulphate  with  a 
current  of  steam  in  a special  form  of  distilling 
column,  so  as  to  dilute  it  to  between  70  and  75 
p.c.  strength,  thereby  also  hydrolysing  the 
ethyl  hydrogen  sulphate  and  liberating  the 
resultant  ethyl  alcohol,  which  then  distils  over, 


and  is  condensed.  The  whole  process  is  worked 
in  a continuous  cycle,  the  diluted  acid  being  (c) 
reconcentrated  to  95  p.c.  strength  in  a Guilland 
‘ concentration  tower,’  and  then  being  re- 
used for  extracting  ethylene  from  the  gas.  A 
notable  feature  of  the  process  is  that  the  small 
amount  of  SOg  formed  by  the  reducing  action  of 
the  gas  upon  the  hot  cone.  H2SO4  in  the  absorp- 
tion towers  is  subsequently  utfiised  to  remove 
HgS  from  the  gas  by  the  well-known  reaction 
2H2S-ES02=2H20-f  3S,  so  that  all  the  S con- 
tained as  HgS  in  the  gas  is  removed  and  recovered 
from  it  without  the  employment  of  elaborate 
‘ iron-oxide  ’ or  other  purifiers.  From  the  gas 
(containing  between  1*75  and  2*25  p.c.  ethylene) 
evolved  in  carbonising  a typical  Durham  coking 
coal  in  regenerative  ovens,  with  the  ‘ direct  ’ 

^ See  a paper  on  lleceiit  Developments  in  By- 
product Coking,  by  Mr.  G.  Blake  Walker.  (Proc.  Inst. 
Civil  Engineers,  1917.) 
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system  of  recovering  tars,  naphthalene,  ammonia, 
and  benzol,  it  is  claimed  to  be  possible  to  obtain 
about  1-5  gallons  of  95  p.c.  ethyl  alcohol  per 
ton  of  coal  at  a present-day  cost  not  exceeding 
one  shilling  per  gallon. 

Utilisation  of  Coke-Oven  Gas.- — The  composi- 


tion of  the  surplus  gas  obtained  in  working 
the  process  depends  somewhat  on  whether  it  is 
‘ debenzolised  ’ or  not,  as  well  as  on  the  character 
of  the  coal  carbonised ; but  for  gas  from  a 
typical  Durham  coking  coal  it  would  be  approxi- 
mately as  follows  : — 

Gross  calorific 
value  B.Th.U. 

(1)  Without  ^15°C^and 

benzol  CO2  CO  01X4  Hg  N2  760  nun. 

recovery  2*5  6 ‘5  3 '2  28 '0  48 ‘0  11  *8  536 

(2)  ‘ Debenzo- 

lised’ . 2-5  6-5  2-0  25*0  55-0  9-5  485 


With  a regenerative  oven  giving  5000  cubic 
feet  of  such  surplus  ‘ debenzolised  ’ gas  per  ton 
of  coal  carbonised,  the  corresponding  heat 
units  available  for  outside  purposes  would  be 
2,450,000  {gross)  and  2,150,000  {net)  B.Th.Us. 
respectively.  This  gas  may  be  utilised  {a)  for 
generating  steam  in  a Bonecourt  surface-com- 
bustion broiler  with  an  efficiency  of  92  p.c.  ; 
or  (&)  for  generating  power  in  internal  combustion 
engines  with  an  efficiency  of  from  20  to  25  p.c. 
Where  coke-ovens  are  erected  in  conjunction 
with  blast-furnaces  and  steel- works,  the  surplus 
gas  is  usually  mixed  with  cleaned  blast-furnace 
gas,  and  the  mixture  used  both  for  generating 
power  in  gas-engines  and  also  for  heating 
purposes  in  open-hearth  steel-furnaces,  soaking 
pits,  &c.  In  both  Germany  and  America,  coke- 
oven  gas  (after  purification  in  the  usual  manner 
from  HgS  and  cyanogen  compounds)  is  exten- 
sively used  as  a public  supply  for  domestic 
purposes.  As  long  ago  as  1910,  Parliament 
granted  powers  for  the  supply  of  gas  from 
Lord  Ellesmere’s  Brackley  Coke- Works  to  the 
urban  district  of  Little  Hulton  (Lancs.),  under 
a guarantee  of  a minimum  illuminating  power  of 
14  candles  when  tested  in  a No.  2 Metropolitan 
Argand  burner,  and  a gross  calorific  value  of 
550  B.Th.U.  per  cubic  foot  at  60°F.  and  30  mm. 
pressure.  Its  average  composition  was  CO, =2 ‘5, 
00=7-0,  C^H^=3-8,  0H4=31-0,  H2=49-0,and 

N2=6'7  p.c.  More  recently,  the  town  of 
Middlesbrough  now  draws  its  entire  gas  supply 
from  a battery  of  Otto  regenerative  ovens  at 
the  Newport  Ironworks.  Also  Leeds  takes  part 
of  its  supply  from  the  Simon- Carves  ovens  of 
the  Middleton  Estate  and  Colliery  Co.,  Ltd.  ; 
whilst  at  the  Birmingham  (Saltley)  Gasworks 
a battery  of  66  Kopper’s  regenerative  ovens, 
fired  by  Mond  gas,  has  been  installed  for  the 
production  of  furnace  coke  and  town’s  gas. 

Literature. — W.  A.  Bone,  Coal  and  its 
Scientific  Uses,  chap.  xvi.  1918  ; and  G. 
Stanley  Cooper,  By-Product  Coking,  1917 ; 
Report  of  Coal  Conservation  Committee,  1918, 
pp.  79-81.  W.  A.  B.  and  E.  B. 

COLALIN.  Syn.  for  cholalic  acid ' 

G24H4o05,H20 

COLATANNIN  v.  Tannins. 

COLCHICEINE  v.  Colchicum. 

COLCHICUM.  Meadow  saffron.  {Colchique, 
Fr.  ; Herbstzeitlose,  Ger.)  Colchicum  autumnale 
(Linn.)  ; the  corms  and  the  seeds  are  official 
in  the  B.P.  and  U.S.P.,  the  alkaloid  colchicinn 
only  in  the  U.S.P.  The  plant  is  found  in 
meadows  and  pastures  throughout  Europe, 
where  its  crocus-like  flowers,  usually  of  a lilac 
hue,  occur  in  September  and  October. 
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The  only  constituent  of  importance  is  the 
alkaloid  colchicine  C22H25O6N,  which  was  re- 
garded as  identical  with  veratrine  by  Pelletier 
and  Caventou  as  early  as  1820,  and  was  recog- 
nised as  a separate  individual  by  Geiger  and 
Hesse  (Annalen,  1833,  7,  274).  Its  constitution 
has  in  part  been  elucidated,  chiefly  by  Zeisel 
(Monatsh.  1883,  4,  162  ; 1886,  7,  557  ; 1888,  9, 
1;  Zeisel  and  Johanny,  ibid.  1888,  9,  865; 
Zeisel  and  Stockert,  ibid.  1913,  34,  1327,  1339), 
and  more  recently  by  Windaus  (Chem.  Soc. 
xA.bstr.  1911,  i.  904 ; 1915,  i.  708).  According 
to  these  investigations  the  formula  may  be 
resolved  into  : — 


MeO 


CioH80(OMe)NH-CO'CH, 


By  boiling  with  0‘2  p.c.  sulphuric  acid  one 
methoxy  group  is  hydrolysed  and  there  results 
cohliiceine  C2iH230eN,|H20,  crystals,  m.p.  139°, 
or  anhydrous,  m.p.  172°,  which  has  been  de- 
scribed, probably  erroneously,  as  a constituent 
of  the  plant.  Zeisel  regards  colchicei’ne  as  a 
carboxylic  acid ; Windaus,  on  account  of  the 
green  colouration  by  ferric  chloride,  considers 
it  an  enol.  By  methylation  it  is  transformed 
back  to  colchicine,  and  to  N-methylcolchicine. 
Concentrated  hydrochloric  acid  hydrolyses  col- 
chicine further,  removing  the  N-acetyl  group 
and  finally  the  remaining  three  methyl  groups, 
yielding  colchicinic  acid  Ci6HijNO(OH)3'OH. 
Windaus  obtained,  by  permanganate  oxidation 
of  colchicine,  3:4:  5-trimethoxy-o-phthalic  and 
succinic  acids,  and  by  potash  fusion  of  colchicinic 
acid  terephthalic  and  trimellitic  (1:2:4- 
benzenetricarboxylic)  acids,  which  indicates 
that  the  complex  CioHg  of  the  above  formula 
contains  a (second)  benzene  ring.  Iodine  and 
sodium  hydroxide  remove  one  carbon  atom, 
oxidising  to  C20H22O5NI,  which  may  be  reduced 
to  a substance  C20H23O5N.  Colchicine  appar- 
ently contains  no  heterocycKc  nitrogen.  Accord- 
ing to  D.  R.  P.  279999  of  Hoffmann-La  Roche 
and  Co.  tetrahydrocolchicine  is  formed  by 
reduction  with  hydrogen  and  palladium ; this 
base  is  amorphous  and  less  toxic  than  the 
parent  alkaloid. 

Properties. — Pure  dry  colchicine  usually 
forms  a yellowish  varnish,  softening  at  142°, 
and  wholly  melting  at  147° ; but  Clewer,  Green, 
and  Tutin  (Chem.  Soc.  Trans.  1915,  107,  839) 
obtained  from  ethyl  acetate  soft,  pale  yellow 
needles,  m.p.  155°-157° ; [a]j3-121°  (0*88 

gram  per  100  c.c.)  in  chloroform,  —429°  in 
water.  Zeisel  first  crystallised  it  from  chloro- 
form, with  two  molecules  of  chloroform  of 
crystallisation ; according  to  Merck  (Apoth. 
Zeit.  1916,  31,  399),  there  are  two  such  com- 
pounds, B,CHCl3  and  2B,CHCl3.  The  crystal- 
line colchicine  of  commerce  is  the  latter  com- 
pound, in  which  the  14-16  p.c.  of  chloroform  is 
retained  tenaciously,  and  is  only  given  off 
slowly  at  100°.  According  to  Merck,  pure 
colchicine,  dissolved  in  3 parts  of  water,  slowly 
crystallises  as  the  hydrate  B2,3H20.  Colchicine 
has  a very  bitter  taste.  It  dissolves  slowly  but 
abundantly  in  water,  readily  in  alcohol,  chloro- 
form, and  hot  benzene,  hardly  at  all  in  ether. 
Being  an  acid  amide,  it  is  a very  feeble  base, 


and  one  of  the  few  alkaloids  which  can  be 
extracted  from  acid  solution  by  chloroform. 
Its  salts  are  generally  hydrolysed  by  water ; 
the  only  crystalline  one  appears  to  be  the  auri- 
chloride  B,HAuCl4,  m.p.  209°.  Dilute  mineral 
acids  and  alkalis  colour  colchicine  solutions 
intense  yellow.  Nitric  acid  (d.  1’4)  colours 
the  solid  alkaloid  a deep  violet,  changing  to 
yellow,  and  finally  to  green  (characteristic). 
Tannic  acid,  phosphomolybdic  acid,  potassium 
triiodide,  and  bismuth  potassium  io^de  are  the 
most  sensitive  precipitants  ; potassium  mercuric 
iodide  only  precipitates  in  acid  solution. 

Extraction,  Toxicological  Recognition,  Assay. 
— ^These  are  all  based  on  the  removal  from  acid 
solution  by  chloroform.  To  prepare  colchicine, 
uncrushed  seeds  are  exhausted  with  85-90  p.c. 
alcohol.  The  extract  is  evaporated  and  diluted 
with  much  water,  filtered  from  fat,  and  extracted 
with  chloroform.  The  chloroform  solution  is 
evaporated  to  the  consistency  of  olive  oil  and 
diluted  warm  with  small  quantities  of  alcohol, 
until  the  whitish  masses  which  separate  at  first 
again  dissolve.  After  cooling  to  0°  for  some 
time  yellow  needles  of  the  chloroform  compound 
separate,  which  may  be  suspended  in  very  little 
hot  water  and  decomposed  by  steam.  The 
aqueous  solution  is  then  evaporated  in  vacu6. 
On  a smaller  scale,  e.g.  in  the  toxicological 
recognition,  the  acid  solution  is  first  agitated 
with  petrol  and  then  with  chloroform.  The 
residue,  after  evaporation  of  the  latter  solvent, 
is  dissolved  in  water,  and  precipitated  with 
tannic  acid.  The  precipitate  is  decomposed 
with  lead  oxide  and  extracted  with  alcohol  or 
chloroform.  On  evaporation  the  solid  product 
so  purified  can  be  tested  by  the  reactions  given 
above ; ^ m.g.  will  give  the  nitric  acid  test 
{see  also  Allen’s  Commercial  Organic  Analysis, 
1913,  vol.  vii.  pp.  4-12). 

The  assay  of  colchicum  seeds  and  the  esti- 
mation of  colchicine  is  based  on  weighing  the 
residue  from  a chloroform  extract  of  an  acid 
solution,  previously  washed  with  petrol  (Farr 
and  Wright,  Pharm.  J.  1891,  [iii.]  21,  957  ; for 
the  assay  of  corms,  v.  Lyons,  ibid.  1909,  [iv.] 
28,  270  ; v.  also  the  more  complicated  process  of 
the  U.S.P.). 

The  alkaloidal  content  of  the  seeds  and 
corms  varies  greatly,  mostly  from  0*2  to  0’8  p.c. 
in  the  seeds,  from  0*1  to  0*5  p.c.  in  the  corms. 
The  Brussels  Conference  agreed  that  the  seeds 
only  should  be  used.  The  alkaloid  occurs  to  a 
slight  extent  also  in  the  flowers.  It  is  present 
in  other  species  of  the  same  genus,  and  also  in 
the  large  tubers  of  Oloriosa  superba,  L.  (N.O. 
Liliacece),  common  in  India  and  Ceylon  (Clewer, 
Green,  and  Tutin,  l.c.,  found  0'3  p.c.  of  dry 
weight).  Perhaps  this  plant  would  afford  a 
suitable  commercial  source  of  colchicine.  Col- 
chicum is  a specific  in  acute  gout,  and  an  ingre- 
dient of  many  advertised  gout  remedies.  It  is 
a gastro-intestinal  irritant,  and  may  cause 
vomiting  and  purging.  Its  degradation  and 
substitution  products  are  much  less  active  or 
without  action  (Fiihner,  Arch.  exp.  Path. 
Pharm.  1913,  72,  228).  G.  B. 

COLCOTHAR.  The  reddish-brown  residue  of 
ferric  oxide  formerly  obtained  in  the  manufacture 
of  fuming  oil  of  vitriol  from  iron  sulphate. 

COLEMANITE.  A hydrated  calcium  borate 
Ca2Be0n,5H20,  containing  50*9  p.c.  boron 
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trioxide.  It  is  found  in  California  at  Death 
Valley  in  Inyo  Co.,  and  the  Calico  district  in  San 
Bernardino  Co.  ; and  although  not  discovered 
until  1882  and  1883,  is  now  of  some  importance 
as  a material  for  the  preparation  of  borax  and 
boracic  acid.  Cavities  in  the  massive,  white 
material  are  lined  with  beautiful,  water- clear 
crystals  with  a profusion  of  brilliant  facets  ; 
these  are  monoclinic,  with  a perfect,  pearly 
cleavage  parallel  to  the  plane  of  symm^etry. 
They  are  considerably  harder  (H.  4^^)  than 
borax ; sp.gr.  2 '42.  The  mineral  forms,  to- 
gether with  other  borates  and  borosilicates,  a 
bed  7 to  10  feet  in  thickness  in  sandstones  and 
clays. 

The  compact  minerals,  priceite  from  Oregon 
and  pandermite  from  Asia  Minor,  have  very 
nearly  the  same  composition  (Ca5B£2023,9H20), 
and  they  have  been  regarded  as  impure,  massive 
varieties  of  colemanite.  E.  S.  Larsen  (1917) 
has,  however,  by  an  examination  of  the  optical 
characters  established  the  identity  of  priceite 
and  pandermite,  and  proved  them  to  be  triclinic 
and  distinct  from  colemanite.  These  also  are 
mined  as  borates,  v.  Boron.  L.  J.  S. 

COLLIDINE  V.  Bone  oil. 

COLLIN.  A preparation  made  by  heating  a 
solution  of  hide  powder  or  gelatin  with  caustic 
soda  and  neutralising  with  acetic  acid.  Used 
in  the  analysis  of  tannin  and  tanning  materials 
(Parker  and  Payne,  J.  Soc.  Chem.  Ind.  1904, 
648  ; Wood  and  Trotman,  ibid.  1904,  1071). 

COLLODION  V.  Photography. 

COLLODION  COTTON  v.  Explosives. 

COLLOIDS.  In  1861  Graham  pointed  out 
that  substances  which  crystallise  readily  from 
water  are  characterised  by  a high  power  of 
diffusion  and  by  the  ability  to  pass  through 
animal  or  vegetable  membranes  ; substances, 
on  the  other  hand,  which  cannot  easily  be 
obtained  in  the  crystallised  eondition  are 
characterised  by  a low  power  of  diSusion  and 
by  inability  to  pass  through  animal  or  vegetable 
membranes.  Graham  termed  substances  of 
the  first  class,  such  as  sucrose  or  sodium  chloride, 
crystalloids  ; and  those  of  the  second  class,  such 
as  starch,  gum,  or  albumin,  colloids.  The 
separation  of  a colloid  from  a crystalloid  is 
effected  by  dialysis,  a process  based  on  the  in- 
ability of  a colloid  to  pass  through  parchment 
or  other  membrane. 

At  the  present  time,  the  term  ‘ colloid  ’ is 
used  in  a sense  different  from  that  in  which 
Graham  employed  it,  and  is  to  be  interpreted 
as  referring,  not  so  much  to  a particular  class 
of  substances,  as  to  a condition  which  very 
many,  if  not  all,  chemical  elements  or  com- 
pounds may  be  made  to  assume.  From  the 
modem  standpoint  ‘ colloidal  solutions  ’ are  to 
be  regarded  as  forming  a special  group  of  the 
physical  systems  built  up  from  two  substances, 
one  of  which  is  present  in  relatively  small 
quantity.  Such  systems  may  be  described  as 
‘ dispersed  systems,’  the  substance  present  in 
excess  being  termed  the  ‘ dispersion  medium,’ 
and  the  other  the  ‘ dispersed  phase.’  The 
main  groups  of  dispersed  systems  are : (1) 

mechanical  suspensions  ; (2)  colloidal  solutions  ; 
(3)  molecular  solutions,  the  feature  which 
characterises  each  group  being  the  degree  of 
dispersion  or  division  of  the  dispersed  phase. 
From  this  point  of  view  a colloid  solution  is  a 


dispersed  system  in  which  the  degree  of  disper- 
sion is  intermediate  between  that  of  a mechanical 
suspension  and  that  of  a moleeular  solution. 

Now  the  smallest  suspended  particle  which 
can  be  observed  directly  under  the  microscope 
is  of  the  order  O’lp,  and  this  size  of  particle  may 
be  taken  as  roughly  marking  the  boundary 
between  mechanical  suspensions  and  colloidal 
solutions.  On  the  other  hand,  the  size  of  an 
average  molecule  is0-0001p,-0'001p,,and  although 
there  is  no  hard-and-fast  line  of  demarcation  to 
be  drawn  between  the  three  groups  of  dispersed 
systems,  the  dispersed  phase  of  a colloidal 
solution  may  conveniently  be  regarded  as  con- 
sisting of  particles  of  the  dimension  O'lp-O'OOlp. 
This  conception  of  the  continuity  of  dispersed 
systems,  from  mechanical  suspensions  at  one 
extreme  to  molecular  solutions  at  the  other, 
finds  its  justification  in  the  graded  character 
of  the  physical  properties  of  the  three  groups, 
as  evidenced,  for  example,  by  observations  on 
diffusion  and  filtration,  and  by  osmotic,  optical, 
and  electrical  experiments  {see  below).  It  should 
further  be  observed  that  the  colloid  condition  is 
independent,  not  only  of  the  chemical  character 
of  dispersion  medium  and  dispersed  phase,  but 
also  of  their  states  of  aggregation.  Thus, 
whilst  in  many  colloidal  solutions,  such  as  those 
of  platinum,  arsenious  sulphide  or  ferric  hydrox- 
ide, the  dispersion  medium  is  a liquid,  and  the 
dispersed  phase  is  a solid,  there  are  other  cases, 
as,  for  example,  an  aqueous  solution  of  gelatin, 
in  which  the  dispersed  phase  also  is  a liquid. 
The  terms  ‘ suspension  colloid  ’ and  ‘ emulsion 
colloid  ’ are  commonly  used  to  differentiate  the 
two  cases.  Again,  there  appear  to  be  many 
cases  in  which  both  the  dispersion  medium  and 
the  dispersed  phase  are  solids,  instances  of  this 
kind  being  furnished  by  ruby  glass,  some 
coloured  minerals,  and  probably  adso  alloys  in 
certain  conditions. 

Osmotic  properties  of  colloidal  solutions. — 
The  osmotic  pressure  of  a colloidal  solution  is 
extremely  low.  According  to  Duclaux,  for 
instance,  the  osmotic  pressure  of  an  8 '86  p.c. 
ferric  hydroxide  solution  is  only  22*6  cm.  of 
water,  which  is  about  equal  to  the  pressure 
given  by  a solution  of  sucrose  containing  one- 
thirtieth  of  a gram  in  100  grams  of  water.  It 
has,  indeed,  been  suggested  that  the  osmotic 
pressures  which  have  been  observed  for  colloidal 
solutions  are  due,  not  to  the  colloids  themselves, 
but  to  small  quantities  of  electrolytes  associated 
with  the  colloids.  While  it  is  certainly  true  that 
the  removal  of  the  last  traces  of  electrolytes  from 
a colloidal  solution  is  no  easy  matter,  and  that 
electrolytes  are  extremely  active  material  from 
the  osmotic  point  of  view,  still  the  most  recent 
investigations  indicate  that  colloidal  solutions 
do  possess  a definite,  if  small,  osmotic  pressure. 
In  this  connection  the  epoch-making  work  of 
Perrin  is  of  great  significance,  for  his  determina- 
tion of  the  Avogadro  number,  based  on  a study 
of  the  distribution  of  suspended  gamboge 
particles  in  a vertical  column,  really  involves 
the  extension  of  the  gas  laws  to  mechanical 
suspensions.  This  extension  is  justified  by  the 
experimental  results  {see  Perrin’s  book,  Atoms) 
and  it  is  therefore  to  be  expected  that  the 
osmotic  pressure  of  a colloidal  solution  will  be 
related  in  the  usual  way  to  concentration  and 
temperature. 
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It  appears,  however,  that  the  osmotic 
pressure  of  a colloidal  solution  may  not  be  in 
every  case  completely  defined,  as  is  that  of  a 
crystaUoidal  solution,  by  concentration  and 
temperature.  Thus  Moore  and  Roaf  have 
found  (Biochem.  J.  1906,  2,  34)  that  the  osmotic 
pressure  of  a given  gelatin  solution  at  a given 
temperature  depends,  to  some  extent,  on  its 
previous  history,  while  Lillie  has  found  (Amer. 
J.  Physiol.  1907,  20,  127  ; see  also  Bayliss,  Proc. 
Boy.  Soc.  B,  1907,  81,  269)  that  the  osmotic 
activity  exhibited  by  the  colloid  itself  is  modified 
by  the  presence  of  electrolytes  in  a remarkable 
degree.  The  osmotic  pressure  of  a colloidal 
solution,  it  is  clear,  will  be  determined  not  only 
by  the  total  solute  concentration  and  by  the 
temperature,  but  also  by  the  actual  degree  of 
dispersion. 

The  depression  of  the  freezing-point  and  the 
elevation  of  the  boiling-point  of  water  by  a dis- 
solved substance  are  quantitatively  related  to 
the  osmotic  pressure  of  the  solution,  and,  like  the 
latter,  may  be  made  the  basis  for  a determination 
of  the  molecular  weight  of  the  solute.  The 
freezing-point  and  boiling-point  of  a colloidal 
solution  are,  however,  very  slightly  different 
from  those  of  water  itself,  and  the  experimental 
error  of  the  determination  of  the  molecular 
weight  of  the  colloid  by  this  method  is  relatively 
large.  In  view,  further,  of  the  fact  that  the 
osmotic  activity  of  a colloid  depends  on  other 
factors  than  those  of  concentra,tion  and  tem- 
perature, it  is  obvious  that  the  values  for  the 
molecular  weight  of  a colloid  deduced  from  its 
effect  on  the  freezing-point  or  boiling-point  of 
water  have  a very  limited  significance.  Such 
values  have  reference  only  to  the  particular 
condition  of  the  colloid  at  the  time  of  the 
determination. 

In  connection  with  the  interesting  question 
of  the  osmotic  activity  of  colloids,  attention 
should  be  directed  to  the  investigations  of 
McBain  and  others  on  soap  solutions  (Chem. 
Soc.  Trans.  1919,  115,  1279). 

Colloids  in  an  electric  field. — In  1892  Linder 
and  Picton  observed  (Chem.  Soc.  Trans.  1892, 
61,  148)  that  when  two  wires,  connected  with 
the  terminals  of  a battery,  are  placed  in  a 
colloidal  solution  of  arsenious  sulphide,  this 
substance  is  attracted  by  the  positive  pole  and 
is  gradually  transported  thither.  Ferric  hy- 
droxide in  colloidal  solution  is,  on  the  other  hand, 
attracted  by  the  negative  pole.  It  appears, 
therefore,  that  the  particles  of  colloidal  arsenious 
sulphide  carry  a negative  charge,  whilst  those  of 
colloidal  ferric  hydroxide  carry  a positive  charge. 
Other  colloids  are  similarly  found  to  carry  a 
definite  charge  ; thus  chromium  and  aluminium 
hydroxides,  methylene  blue,  Bismarck  brown 
and  haemoglobin,  are  electropositive  ; tannin, 
caramel,  starch,  platinum,  gold,  and  indigo  are 
electronegative.  Very  significant  in  this  con- 
nection is  Hardy’s  observation  (J.  Physiol.  1899, 
24,  288),  that  protein  is  electronegative  in  an 
alkaline  medium,  but  electropositive  in  an  acid 
medium.  A reversal  of  the  electric  charge  on  a 
colloid  has  been  observed  in  other  cases  also 
{see  Burton,  Phil.  Mag,  1906,  12,  472).  The 
behaviour  of  substances  in  colloidal  solution, 
when  exposed  to  the  action  of  an  electric  force 
is  very  similar  to  the  behaviour  of  suspensions 
in  the  same  circumstances,  for  when  wires  con- 


nected with  the  terminals  of  a battery  are 
immersed  in  suspensions  of  quartz  powder,  gum 
mastic,  or  shellac,  the  suspended  particles  move 
towards  the  positive  pole. 

Colloids  and  the  ultramicroscofe. — The  view 
that  there  must  be  a close  relationship  between 
colloidal  solutions,  on  the  one  hand,  and 
mechanical  suspensions  on  the  other,  is  strongly 
supported  by  various  other  lines  of  evidence. 
Thus  the  majority  of  colloidal  solutions  exhibit 
the  Tyndall  phenomenon,  i.e.  the  opalescence 
observed  when  a powerful  beam  of  light  is 
passed  through  a fluid  medium  containing 
definite  suspended  particles.  Further,  the  ultra- 
microscope, devised  by  Zsigmondy  and  Sieden- 
topf,  makes  it  possible  to  detect  the  individual 
particles  in  colloidal  solutions,  even  when  the 
most  powerful  microscope  fails  to  reveal  any 
trace  of  heterogeneity. 

There  are,  however,  cases  on  record  in  which 
colloidal  solutions,  even  when  examined  with 
the  ultramicroscope,  have  been  found  free  from 
distinct  particles.  On  the  other  hand,  evidence 
has  been  a'dduced  (Lobry  de  Bruyn,  Bee.  trav. 
chim.  1904,  23,  155,  218)  showing  that  solutions 
of  a heavy  crystalloid,  such  as  sucrose,  are  non- 
homogeneous.  Hence  it  is  evidently  impossible 
to  draw  a hard-and-fast  line  of  division  between 
colloidal  and  crystaUoidal  solutions,  so  far  at 
least  as  the  size  of  the  particles^of  the  dispersed 
phase  is  concerned. 

The  particles  which  are  detected  in  a colloidal 
solution  with  the  help  of  the  ultramicroscope 
are  seen  to  be  in  a state  of  constant  motion — a 
phenomenon  essentially  the  same  as  the  Brownian 
movement  exhibited  by  gamboge  or  fat  par- 
ticles suspended  in  water.  The  finer  the  par- 
ticles the  more  rapid  is  their  movement,  and  a 
study  of  the  relationship  between  the  size  of  the 
particle  and  its  rate  of  movement  has  led  to  a 
calculation  of  the  rate  at  which  a particle  of 
molecular  size  would  move.  The  value  so 
calculated  is  in  good  agreement  with  the  value 
deduced  from  the  kinetic  theory,  and  this  agree- 
ment is  regarded  as  amounting  to  a definite 
proof  of  the  kinetic  nature  of  heat. 

Separation  of  colloids  from  their  solutions. — 
Substances  in  colloidal  solution  pass  through 
the  finest  filter  paper,  but  if  the  close  relation- 
ship between  mechanical  suspensions  and 
colloidal  solutions  is  borne  in  mind,  it  will  be 
seen  that  the  question  whether  filtration  can  be 
effected  in  the  latter  case  as  in  the  former  re- 
duces itself  to  the  question  whether  filters  with 
sufficiently  small  pores  can  be  procured.  The 
most  successful  attempts  that  have  been  made 
to  solve  this  problem  depend  on[^the  impregna- 
tion of  a suitable  supporting  medium  with  a 
colloid  such  as  gelatin  or  collodion.  Filter 
paper,  for  instance,  may  be  soaked  in  gelatin 
solution  and  then  hardened  with  formaldehyde, 
or  impregnated  with  a solution  of  collodion  in 
glacial  acetic  acid  and  then  dipped  in  water. 
As  the  concentration  of  the  impregnating 
gelatin  solution  is  increased,  the  permeability  of 
the  filter  to  colloids  diminishes,  so  that  a series 
of  graded  filters  can  be  prepared  which  may  be 
employed  to  sort  out  a number  of  colloidal 
solutions,  according  to  the  size  of  particles  they 
contain  {see  Bechhold,  Zeitsch,  physikal.  Chem. 
1907,  60,  267).  It  is  noteworthy  that  these 
‘ ultra-filters,’  as  they  are  called,  may  be 
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employed  to  separate  oil-water  emulsions  {see 
Hatschek,  J.  Soc,  Chem.  Ind.  1910,  29,  125). 

Another  method  of  separating  a colloid  from 
its  solution  is  to  precipitate  the  colloid  and  then 
filter  off  in  the  ordinary  way.  It  is  found  that 
in  relation  to  precipitating  or  coagulating  agents, 
solutions  of  suspension  colloids  behave  differently 
from  solutions  of  emulsion  colloids.  The  former 
give  non-viscous  solutions  which  are  coagulated 
by  small  quantities  of  electrolytes ; these 
colloids  are  known  also  as  ‘ non-re versible,’  for 
when  once  they  have  been  separated  they  do 
not  again  pass  into  solution  by  mere  contact 
with  water ; their  solutions  can  be  obtained 
only  by  indirect  methods.  Emulsion  colloids, 
on  the  other  hand,  give  viscous  solutions  which 
are  not  readily  coagulated  by  electrolytes ; 
they  are  also  termed  ‘ reversi  ble  ’ colloids, 
because,  even  if  separated  from  solution  by 
any  means,  they  will  again  pass  into  solution 
on  mere  contact  with  water. 

The  coagulation  of  suspension  coUoids,  such 
as  arsenious  sulphide  or  ferric  hydroxide,  is 
brought  about  by  extremely  small  quantities  of 
electrolytes.  When  experiments  are  made  to 
determine  the  minimum  concentration  of  various 
electrolytes  required  to  precipitate  colloidal 
arsenious  sulphide,  it  is  found  that  this  mini- 
mum concentration  is  of  the  same  order  for  all 
salts  containing  cations  of  equal  valency ; the 
higher  the  valency  of  the  cation,  the  smaller  is 
the  concentration  of  the  electrolyte  required  to 
bring  about  coagulation.  In  relation  to  colloidal 
ferric  hydroxide,  on  the  other  hand,  the  coagu- 
lating power  of  a salt  is  mainly  determined  by 
the  valency  of  the  negative  ion ; the  valency  of 
the  cation  is  relatively  unimportant.  The  con- 
trast in  this  respect  between  colloidal  arsenious 
sulphide  and  colloidal  ferric  hydroxide  is  very 
interesting  in  view  of  the  fact  that  the  colloid 
particles  of  arsenious  sulphide  are  negatively 
charged,  while  those  of  ferric  hydroxide  are 
positively  charged.  The  full  significance  of  this 
was  first  emphasised  by  Hardy  (Zeitsch.  physi- 
kal.  Chem.  1900,  33,  385),  who  formulated  the 
rule  that  the  ion  of  an  electrolyte  which  deter- 
mines the  coagulation  of  a colloidal  solution  is 
the  one  which  ha«  a charge  opposite  in  sign  to 
that  on  the  colloid  particles.  The  validity  of 
this  rule  has  been  extensively  confirmed. 

The  ‘coagulum’  or  ‘hydrogel’  obtained  when 
a solution  of  a suspension  colloid  is  precipitated 
by  a salt  contains  some  of  the  acidic  or  basic 
part  of  the  salt.  Thus  the  coagulum  obtained 
when  colloidal  arsenious  sulphide  is  precipitated 
with  barium  chloride,  is  found  to  contain 
barium,  and  in  proportion  as  the  coagulum  re- 
tains barium,  the  filtrate  becomes  acid.  The 
barium  cannot  be  removed  by  continued  wash- 
ing with  water,  but  may  be  replaced  by  an 
equivalent  quantity  of  another  metal  by  digest- 
ing the  coagulum  with  a solution  of  the  chloride 
of  this  metal. 

If,  as  suggested  by  the  facts  just  mentioned, 
the  coagulation  of  a suspension  colloid  by  a salt 
is  essentially  a neutralisation  of  electric  charges, 
it  may  be  expected  that  colloids  of  opposite 
electrical  sign  will  precipitate  each  other.  In 
harmony  with  this,  it  is  found  that  while  no 
coagulation  occurs  when  colloidal  solutions 
{‘ hydrosols ’)  of  the  same  electrical  sign  are 
mixed,  precipitation  immediately  follows  the 
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addition  of  the  solution  of  a positive  colloid  to 
the  solution  of  a negative  colloid,  .unless  one  of 
the  colloids  is  in  very  large  excess.  For  a 
certain  proportion  of  the  colloids,  the  precipita- 
tion of  both  is  complete,  but  as  the  quantities 
deviate  from  this  optimal  ratio,  precipitation  is 
increasingly  incomplete.  The  precipitation  of 
egg  albumin  by  solutions  of  various  complex 
acids — e.g.  molybdic,  tungstic,  and  tannic  acids 
— furnishes  an  example  of  the  mutual  coagula- 
tion of  two  colloids.  Metaphosphoric  acid,  too, 
forms  a pseudo-solution  or  hydrosol  which 
precipitates  albumin,  while  the  crystalloidal 
orthophosphoric  acid  has  no  such  effect. 

The  separation  of  emulsion  colloids,  such  as 
serum  protein,  from  their  solutions,  may  also  be 
effected  by  the  addition  of  electrolytes,  but  the 
process  is  essentially  distinct  from  the  corre- 
sponding precipitation  of  suspension  colloids  ; 
it  is  not  electrical  in  character.  When  a number 
of  alkali  salts  are  arranged  according  to  their 
efficiency  in  precipitating  emulsion  colloids,  the 
order  is  practically  the  same  as  when  they  are 
arranged  according  to  their  efficiency  in  salting 
out  an  organic  compound  from  water  or  accord- 
ing to  their  power  of  lowering  the  solubility  of 
gases  in  water.  The  precipitation  of  emulsion 
or  reversible  colloids  by  neutral  alkali  salts 
appears,  therefore,  to  be  closely  allied  to  the 
process  of  ‘ salting  out,’  and  this  result  of  itself 
shows  that  solutions  of  reversible  colloids 
approximate  more  closely  to  true  solutions  than 
do  solutions  of  suspension  colloids. 

Not  only  are  emulsion  colloids  themselves 
very  slightly  sensitive  to  electrolytes,  but  in 
presence  of  an  emulsion  colloid  the  precipitation 
of  a suspension  colloid  by  salts  is  more  or 
less  inhibited.  This  is  not  due  to  an  increase  in 
the  viscosity  of  the  medium  and  consequent 
increase  of  resistance  to  sedimentation,  for  the 
protective  effect  is  exhibited  by  quantities  of 
the  reversible  colloid  insufficient  to  cause  any 
appreciable  change  in,  viscosity.  It  is  probable 
that  the  emulsion  colloid  forms  a thin  envelope 
round  each  particle  of  the  suspension  colloid  and 
so  prevents  the  aggregation  and  subsequent 
flocculation  of  the  particles. 

Adsorption. — Reference  has  already  been 
made  to  a difference  of  electrical  potential  as 
determining  in  some  cases  the  relation  between 
a colloid  and  its  environment.  There  is,  how- 
ever, another  factor  which  must  be  taken  into 
account  in  the  consideration  of  this  question, 
and  that  is  the  relatively  enormous  surface  ai 
contact  between  the  colloid  and  the  surrounding 
medium.  The  evidence  sketched  in  the  fore- 
going paragraphs  shows  that  a colloidal  solution 
is  really  a two-phase  system,  consisting  of  a dis- 
persion medium  in  which  are  distinct  suspended 
particles  of  extremely  small  size.  Now,  it  is 
obvious  that  as  a given  quantity  of  matter  is 
divided  up  more  and  more  finely,  its  surface 
area  increases  regularly.  The  surface  area,  for 
instance,  of  a single  sphere  with  a diameter  of 
1 mm.  is  0'0314  sq.  cm.  ; if  the  matter  com- 
posing this  sphere  were  broken  up  into  a number 
of  smaller  spheres,  each  O’OOOl  mm.  in  diameter, 
the  total  surface  area  of  the  spheres  would  be 
314  sq.  cm.  It  is  evident,  therefore,  that  in  a 
colloidal  solution  with  its  fine  suspended  particles, 
there  must  be  relatively  a very  large  surface  of 
contact  between  the  colloid  and  its  medium. 
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On  the  basis  of  the  two-phase  character  of 
colloidal  solutions  and  the  large  surface  develop- 
ment of  the  colloid  phase,  the  relation  of  colloids 
to  each  other  and  to  various  solid  and  dissolved 
substances  may  be  regarded  as  being  essentially 
of  the  nature  of  ‘ adsorption.’  This  term  is  used 
in  reference  to  the  observation  that  when  a 
substance  is  introduced  into  a two-phase 
system,  and  provision  is  made  for  its  distribu- 
tion throughout  the  system,  it  is  frequently 
found  concentrated  at  the  surface  of  one  of  the 
phases.  The  nature  of  this  phenomenon  will 
perhaps  be  best  appreciated  by  contrasting  it 
with  cases  in  which  the  substance  is  distributed 
uniformly  in  each  phase  of  the  two-phase 
system.  When  iodine  is  shaken  up  with  two 
immiscible  liquids,  such  as  water  and  carbon 
tetrachloride,  a state  of  equilibrium  is  soon 
reached  at  which  the  concentration  of  the 
iodine  is  uniform  throughout  the  aqueous 
phase,  uniform  also  (but  different)  throughout 
the  carbon  tetrachloride  phase.  If  is  the 
concentration  of  iodine  in  the  aqueous  layer, 
and  Cg  its  concentration  in  the  carbon  tetra- 
chloride layer,  then  the  ‘ partition  co- 

efficient,’ is  found  to  be  a constant,  independent 
of  the  absolute  values  of  Cj  and  Cg.  This  is  a 
rule  applicable  to  the  distribution  of  any  sub- 
stance between  two  immiscible  liquids,  pro- 
vided the  molecular  condition  of  the  substance 
is  the  same  in  each  liquid.  If,  on  the  other  hand, 
the  molecular  weight  of  the  substance  in  the  first 
liquid  is  n times  its  molecular  weight  in  the 

second  liquid,  then  is  a constant,  indepen- 

dent of  the  absolute  values  of  Cj  and  C2.  If,  con- 
versely, the  distribution  of  a substance  between 
two  liquids  at  various  concentrations  has  been 

found  to  be  such  that  c^^/ci  is  a constant,  the 
conclusion  may  be  drawn  that  the  molecular 
weight  of  the  substance  in  the  first  liquid  is  n 
times  its  molecular  weight  in  the  second  liquid. 

The  distribution  of  a substance  in  a two- 
phase  system  which  consists,  not  of  two  im- 
miscible liquids,  but  of  a solid  and  a liquid,  is 
generally  quite  different  in  character.  When, 
for  instance,  acetic  acid  solutions  of  various  con- 
centrations are  shaken  up  with  carbon,  a state 
of  equilibrium  is  rapidly  attained,  and  it  is  found 
that  some  of  the  acetic  acid  has  been  taken  up 
by  the  carbon.  If  and  represent  the 

equilibrium  concentrations  of  the  acetic  acid  in 
the  solid  and  the  liquid  phase  respectively,  then 

the  experiments  show  that  is  a constant. 

According  to  the  foregoing  paragraph,  this  would 
mean,  on  the  assumption  of  a uniform  dis- 
tribution of  the  acetic  acid  throughout  the 
carbon,  that  the  molecular  weight  of  acetic  acid 
in  the  carbon  must  be  less  than  half  what  it  is 
in  water.  This  conclusion  must  obviously  be 
rejected,  and  the  assumption  of  a uniform  distri- 
bution of  the  acetic  acid  throughout  the  carbon 
is  incorrect.  The  acetic  acid  must  be  concen- 
trated at  the  surface  of  the  carbon,  a view 
supported  by  the  rapidity  with  which  equili- 
brium is  established.  The  acetic  acid  is  said  to 
be  ‘ adsorbed  ’ by  the  carbon,  and  the  pheno- 
menon is  termed  ‘ adsorption.’ 

The  distribution  of  a substance  in  a two- 
phase  system  where  one  of  the  phases  is  a solid 
with  largely  developed  surface,  is  generally  found 


to  consist  in  an  adsorption  equilibrium.  This 
is  indicated,  qualitatively,  by  the  concentration 
of  the  substance  in  the  solid  phase  increasing 
more  slowly  than  its  concentration  in  the  liquid 
phase,  and  quantitatively  by  the  validity  of  the 

formula  c^jci—  constant.  In  this  way  it  has  been 

shown,  to  quote  one  or  two  examples,  that  the 
taking  up  of  gases  by  charcoal,  the  removal  of 
arsenious  acid  from  solution  by  freshly  precipi- 
tated ferric  hydroxide,  and  the  dyeing  of  silk 
with  picric  acid  and  numerous  other  colouring 
matters,  are  all  cases  of  adsorption.  The  com- 
plexes formed,  although  not  due  to  chemical 
combination  in  the  strict  sense,  and  although 
lacking  the  characteristics  associated  with  a 
definite  chemical  substance,  are  frequently  re- 
ferred to  as  ‘ adsorption  compounds.’  As  van 
Bemmelen  especially  has  shown,  colloids  in  the 
form  of  hydrogels  have  a very  marked  power  of 
adsorbing  other  colloids,  crystalloids  and  water, 
and  evidence  is  accumulating  in  favour  of  the 
view  that  the  behaviour  of  colloids  in  solution 
towards  other  substances  is  also  to  be  inter- 
preted in  terms  of  adsorption. 

The  question  may  be  asked  : Is  there  any 
physical  reason  for  the  concentration  of  a sub- 
stance at  the  surface  of  one  of  the  phases  in  a 
two-phase  system,  such  as  a colloidal  solution 
undoubtedly  is  ? The  answer  is  that  if  surface 
tension  considerations  only  are  taken  into 
account,  then  it  follows  on  thermodynamical 
grounds  that  the  most  stable  relation  between 
the  two  phases  of  a colloidal  solution  is  the  one 
characterised  by  a minimum  surface  tension. 
Hence  if  the  substance  present  in  the  solution 
lowers  the  surface  tension  of  the  solvent,  that 
substance  will  accumulate  in  the  surface  layer 
of  the  solution.  That  such  spontaneous  ac- 
cumulations may  occur  in  the  surface  layers  of 
solutions  has  been  shown  by  Ramsden  (Proe. 
Roy.  Soc.  A,  1903,  72,  156),  who  observed  the 
formation  of  solid  or  highly  viscous  coatings  on 
the  free  surfaces  of  protein  and  many  other 
colloidal  solutions. 

Bearing  of  colloid  chemistry  on  technical 
problems. — The  role  played  by  colloids  in  the 
operations  of  applied  chemistry  is  of  great  im- 
portance. In  the  manufacture  of  starch,  cellu- 
lose, glue,  leather,  caoutchouc,  artificial  silk, 
paper,  and  photographic  plates,  colloids  are 
involved,  and  a knowledge  of  the  general 
behaviour  of  colloids  throws  much  light  on  these 
and  other  industrial  operations.  Many  dyes 
give  colloidal  solutions,  and  dyeing,  in  a large 
number  of  cases  at  any  rate,  depends  on  the 
adsorption  of  the  colouring  matter  by  the  fibre. 
The  relation  between  hide  and  tannin  appears 
to  be  of  the  same  description,  and  the  investiga- 
tion of  the  tanning  process  from  this  point  of 
view  shows  the  definite  bearing  which  colloid 
and  adsorption  phenomena  have  on  this  opera- 
tion. The  problem  of  sewage  disposal  also  is 
closely  related  to  colloid  chemistry,  and  it  has 
been  found  practicable  to  retain  the  colloids  of 
the  sewage  in  the  form  of  adsorption  compounds. 
The  tints  of  coloured  glasses  are  frequently  due 
to  the  presence  of  metals  in  the  colloidal  state. 
This  is  notably  the  case  with  gold  ruby  glass, 
which  owes  its  colour  to  the  presence  of  ultra- 
microscopic  particles  of  the  metal.  Colloid 
chemistry  has  an  important  bearing,  too,  on 
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agricultural  chemistry.  Many  of  the  properties 
of  soils — for  example,  permeability,  absorptive 
power,  and  moisture  content — depend  more  on 
the  size  of  the  constituent  particles  than  on  their 
chemical  composition.  The  retention  by  the 
soil  particles  of  materials  of  nutritive  value  for 
plants  is  closely  related  to  the  phenomenon  of 
adsorption  already  discussed,  and  it  has,  in  fact, 
been  shown  that  the  removal  of  dissolved 
substances  by  soil  from  solutions  of  different 
concentrations  takes  place  in  harmony  with  the 
adsorption  formula.  Colloids  are  of  importance 
further  in  connection  with  the  pottery  trade. 
Highly  plastic  clays  behave  like  colloids,  and 
the  treatment  of  clay  with  a colloid,  such  as 
tannin,  notably  increases  the  plasticity  of  the 
material.  On  the  view  that  the  plasticity  of  a 
clay  is  determined  mainly  by  its  colloid  content, 
and  that  the  latter  is  chiefly  responsible  for  the 
power  of  the  clay  to  adsorb  colouring  matters, 
attempts  have  been  made  to  utilise  the  adsorp- 
tfve  power  of  clays,  say,  for  malachite  green, 
as  a measure  of  relative  plasticity. 

Colloid  clay  has  been  found  to  be  capable  of 
use  as  a catalyst  in  proceses  of  oxidation  and 
hydrogenation. 

Of  great  interest  are  recent  attempts  to 
interpret  the  properties  of  many  alloys  in  terms 
of  colloid  chemistry.  The  view  is  taken  that 
the  technical  and  physico-chemical  properties 
of  an  alloy  are  largely  dependent  on  the  state 
of  division  of  the  constituent  particles,  and  that 
in  many  cases  the  size  of  these  particles  is  such 
as  to  bring  them  within  the  colloid  range. 
The  relation  between  tempering  carbon  and 
hardening  carbon,  is  on  these  lines  described  as 
a ‘ dispersion  allotropy.’  (For  development  of 
this  point  of  view,  see  Benedicks,  Journ.  Iron 
and  Steel  Inst.  1905,  352 ; KolL  Zeitschrift, 
1910,  7,  290.) 

Beference  has  been  made  above  to  the  pro- 
tective action  of  emulsion  colloids,  and  this 
phenomenon  is  of  frequent  occurrence.  The 
presence  of  such  colloids,  generally  and  vaguely 
referred  to  as  ‘ organic  matter,’  may  altogether 
prevent  the  flocculation  and  precipitation  of 
insoluble  compounds.  In  presence  of  gelatin, 
for  example,  silver  nitrate  gives  with  sodium 
chloride  only  an  opalescence  which  is  not  altered 
by  filtration.  This  is  a fact  of  the  greatest  im- 
portance in  connection  with  photographic 
emulsions.  Closely  related  to  this  phenomenon 
is  the  use  of  glues  and  gums  as  retarders  in  the 
setting  of  plaster  of  Paris,  and  the  inclusion  of 
such  materials  in  mixtures  which  have  for  their 
object  the  prevention  of  scale  in  boilers.  De- 
tailed references  to  the  bearing  of  colloid 
chemistry  on  technical  problems  will  be  found 
in  a monograph.  Die  Bedeutung  der  Kolloide 
fiir  die  Technik  (Dresden,  1909),  by  K.  Arndt ; 
in  a paper  on  Colloid  Chemistry  and  some  of  its 
Technical  Aspects,  by  J.  Alexander  (J.  Soc. 
Chem.  Ind.  1909,  28,  280)  ; in  W.  W.  Taylor’s 
book  on  The  Chemistry  of  Colloids,  1915  ; and 
in  Wq.  Ostwald’s  volume.  Theoretical  and 
Applied  Chemistry,  1917.  J.  C.  P. 

COLLOPHANITE.  A colloidal  hydrated 
phosphate  and  carbonate  of  calcium  forming  an 
important  constituent  of  phosphorites  and  rock- 
phosphates.  It  is  amorphous  and  optically 
isotropic,  and  forms  concretionary  masses 
resembling  opal  or  gum  in  appearance,  with  a 


vitreous  to  resinous  lustre  and  a conchoidal 
fracture.  The  material  may  be  opaque  or 
translucent  to  nearly  transparent,  and  the 
colour  ranges  through  colourless,  white,  yellow, 
brown,  and  reddish.  An  earthy  variety  is 
known  as  monite.  Sp.gr.  2’69-2’77  (of  monife 
2T) ; hardness  4^;  refractive  index  D569- 
D612.  A.  Lacroix  (1910)  gives  the  formula 
as  : — 

/a;[Ca3(P04)2]+^yCaC03+^H20 

\a;[(CaF)2Ca8(P04)6]+2/CaC03+2H30 

which  includes  also  the  variety  called  fluocollc- 
phanite.  W.  T.  Schaller  (1911)  gives  the  formula 
as  9Ca0-3P205-Ca0-C02-H20-|-7iH20.  The 
mineral  is  found  in  three  classes  of  deposits  : 
in  guano  deposits,  having  been  first  recognised 
in  the  guano  of  Sombrero,  West  Indies  ; in 
pockets  of  phosphorites  ; and  in  the  phosphatic 
nodules  and  coprolites  of  sedimentary  rocks 
ranging  in  age  from  the  Eocene  to  the  Silurian. 
Material  of  the  last  of  these  modes  of  occur- 
rence frequently  contains  fluorine  in  addition  to 
carbonate  and  phosphate,  and  is  distinguished 
diS  fluocollophanite.  L.  J.  S. 

COLLOTYPE  V.  Photography. 

COLOCYNTH.  Bitter  apple.  Colocyntliidis 
Pulpa,  B.P.  ; Golocynthis,  U.S.P.  {Coloquinte, 
Fr.  ; Koloquinte,  Ger.) 

The  dried  pulp  of  the  fruit,  freed  from  seeds, 
of  Citrullvs  Colocynthis  (Schrader),  a climbing 
plant  of  the  gourd  family,  inhabiting  the  warm 
dry  districts  of  the  Old  World — India,  Persia, 
Arabia,  Syria,  and  the  African  and  European 
shores  of  the  Mediterranean.  It  is  cultivated 
in  Spain  and  Cyprus.  {Cf.  Bentl.  a.  Trim.  114.) 

The  B.P.  and  U.S.P.  demand  that  not 
more  than  2 p.c.  of  fixed  oil  be  extracted  by 
petroleum  spirit  {v.  Dowzard,  Pharm.  J.  1903, 
71,  400).  The  B.P.  demands  at  least  9 p.c. 
of  ash,  the  U.S.P.  not  more  than  15  p.c. 

Chattaway  and  Moor  (Analyst,  1903,  28,  205) 
consider  8 p.c.  a more  reasonable  minimum  ; 
Umney  (Pharm.  J.  1903,  71,  879)  found  the 
ash  to  vary  from  7 ‘2-13 ‘5  p.c.,  and  thinks  a 
microscopical  examination  and  the  estimation 
of  fixed  oil  better  ways  of  detecting  impurities. 
The  seeds  contain  the  oil,  and  only  2-3  p.c.  of 
ash  ; as  they  constitute  75  p.c.  of  the  peeled 
fruit  they  raise,  when  mixed  with  pulp,  the 
amount  of  fixed  oil,  and  lower  the  ash  content. 
The  two  chief  varieties  imported  are  Turkey 
and  Spanish  colocynth,  of  which  the  former  is 
the  whiter,  the  richer  in  pulp,  and  the  more 
esteemed. 

Colocynth  was  well  known  to  Greek,  Eoman, 
and  Arabian  medicine,  and  in  the  form  of  solid 
extract  enters  into  many  of  the  purgative 
of  modern  pharmacy. 

Power  and  Moore,  who  gave  an  account  of 
the  earlier  literature  (Chem.  Soc.  Trans.  1910, 
97,  99),  have  cast  doubt  on  the  existence  of  the 
colocynthin  and  colocynthitin  of  previous  in- 
vestigators. The  former  substance  was  de- 
scribed as  an  extremely  bitter  glucoside  and 
drastic  purgative,  soluble  in  water  and  alcohol, 
but  not  in  ether,  the  latter  substance  as  insoluble 
in  water,  but  soluble  in  ether.  Power  and 
Moore  examined  the  pulp  of  the  fruit  separately 
from  the  seeds,  and  the  following  substances 
were  isolated  : citrullol,  a dihydric  alcohol 
C22Ho,^02(0H)2,  m.p.  285°-290°,  yielding  a 
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diacetyl  derivative,  melting  at  167° ; an  amor- 
phous alkaloidal  substance  possessing  an  ex- 
tremely bitter  taste  and  representing  one  of 
the  purgative  principles  of  the  fruit ; a-elaterin 
(see  Elaterium)  ; a small  amount  of  hentri- 
acontane  C3iHg4,  m.p.  68° ; a phytosterol 
C2  7H4gO  ; and  a mixture  of  fatty  acids.  The 
seeds,  which  represent  75*5  p.c.  of  the  peeled 
fruit,  were  found  to  contain  traces  of  an  alka- 
loidal principle,  a small  amount  of  an  enzyme 
hydrolysing  ;8-glucosides,  and  fatty  oil.  The 
proportion  of  glucosidal  substance  in  the  fruit 
is  found  to  be  very  small.  The  purgative  action 
depends  on  at  least  two  compounds,  one  of 
which  is  alkaloidal.  After  removal  of  the 
alkaloidal  compound,  the  fruit  still  possesses 
marked  purgative  properties,  but  the  substance 
to  which  these  are  due  has  not  yet  been  obtained 
in  a definite  form. 

It  has  been  sometimes  required  to  search  for 
colocynth  in  beer  (v.  Dragendorfi,  Chem.  Zentr. 
1881,  285,  299).  G.  B. 

COLOGNE  YELLOW  GhromiuxM. 

COLOPHON  Oleo  -RESINS. 

COLOPHONY  V.  Resins. 

COLOPTENE  V.  Resins. 

COLORIMETERS,  CHROMOMETERS,  or 
CHROMATOMETERS,  Under  this  heading  are 
included  those  instruments  (colorimeters)  which 
are  used  for  determining  the  relative  intensity  of 
colour  in  solutions,  and  those  (chromatometers, 
tintometers)  which  are  used  to  obtain  a numerical 
record  of  the  hue  and  intensity  of  a colour. 

Colorimetric  measurements  depend  on  ob- 
taining equal  intensity  of  colour  in  two  columns 
of  liquid,  one  of  which  contains  a known  amount 
of  the  substance  to  be  estimated.  This  can  be 
done  either  (a)  by  varying  the  concentration  of 
one  liquid,  keeping  the  lengths  of  columns  equal, 
or  (h)  by  altering  the  length  of  one  column, 
keeping  the  concentration  the  same. 

The  first  method  is  used  in  Nessler’s  test,  in 
Eggertz’  method  of  estimating  carbon  in  steel, 
and  in  the  simple  colorimeter  ^ of  the  U.S. 
Geological  Survey  (Bulletin  422).  It  is  ap- 
plicable to  all  colorimetric  measurements.  The 
second  principle  is  adopted  in  most  cases 
because  it  allows  the  repeated  use  of  the  standard 
solution  and  facilitates  rapid  work.  In  certain 
cases,  however,  e.q.  in  comparing  manganese 
solutions,  this  method  fails,  as  varying  the  length 
of  column  changes  the  hue  as  well  as  the  intensity 
of  the  colour. 

The  standard  used  may  be  of  the  same  com- 
position as  the  liquid  under  examination,  or 
may  be  made  of  any  suitable  materials,  but  its 
colour  must  be  identical  in  quality  with  that  of 
the  liquid  tested,  and  its  value  per  unit  volume 
in  terms  of  the  substance  estimated  must  be 
accurately  known.  Thus  the  permanent  stan- 
dards used  in  the  estimation  of  combined  carbon 
in  steel  are  generally  made  of  mixed  solutions  of 
metallic  salts,  and  in  the  estimation  of  ammonia 
in  water  a solution  coloured  with  caramel  and  a 
little  aniline  red  has  been  used  (Leeds,  Chem. 
News,  37,  229). 

Equality  of  tint  having  been  obtained,  the 
lengths  of  the  columns  are  noted,  and  the  com- 
parison is  repeated,  using,  preferably,  a different 
length  of  column  of  the  standard. 

The  relative  strength  of  the  solutions  varies 
inversely  as  the  lengths  of  the  columns,  so  that 


if  1 c.c,  of  the  standard  solution  correspond 
with  X parts  by  weight  of  the  substance  esti- 
mated, the  weight  of  that  substance  in  1 c.c.  of 
the  test  solution  will  be 

length  of  column  of  standard  solution  X x 
length  of  column  of  test  solution 

If  the  strength  of  the  standard  differs  by  more 
than  10  p.c.  from  that  of  the  test  liquid,  it  is 
advisable  to  dilute  one  or  other  before  com- 
parison. 

For  the  examination  of  precipitates,  a solu- 
tion of  considerable  suspensory  power  is  prepared 
by  dissolving  100  grams  of  gelatine,  100  grams 
glacial  acetic  acid,  and  1 gram  of  salicylic  acid 
(to  prevent  decomposition  of  the  gelatine  by 
keeping)  in  1 litre  of  distilled  water. 

The  solution  is  clarified  with  white  of  egg 
and  filtered  hot.  For  estimation  of  sulphuric 
acid,  this  solution  is  charged  with  barium  chlor- 
ide, and  is  added  to  a weak  standard  solution 
of  sulphuric  acid  or  a sulphate  and  to  the  solif^ 
tion  to  be  tested,  the  two  turbid  liquids  being 
then  compared  as  above.  By  the  use  of  other 
reagents,  lime,  zinc,  and  a large  number  of  other 
substances  may  be  estimated. 

A useful  colorimeter  for  general  purpose.^, 
devised  by  Mills,  is  shown  in  Fig.  1.  It  con- 
sists of  a glass  jar  closed 
above  by  a cap  of  which  the 
length  is  sufficient  to  cover 
the  top  of  the  liquid.  The 
cap  is  perforated  in  the 
middle  and  carries  a short 
tube  in  which  slides  a glass 
rod  bent  as  shown,  and 
supporting,  exactly  at  right 
angles  to  the  axis  of  the  jar, 
a flat  circular  opaque  white 
disc.  In  the  bottom  of  the 
jar  are  laid,  one  above  another, 
a red  and  a green  glass  disc 
which  form  a black  back- 
ground to  the  white  disc. 

When  examining  solutions  of 
certain  colours,  a background 
of  a colour  other  than  black 
may  be  advantageous,  and 
the  white  disc  itself  may  be 
covered  by  a coloured  plate. 

The  white  disc  is  lowered  to 
the  bottom  of  the  jar  by 
moving  its  rod,  and  the  jar  is 
filled  to  exactly  100  divisions 
with  a standard  liquid. 

The  white  disc  is  raised 
until,  on  looking  vertically 
down  through  the  liquid  at 
the  disc,  the  depth  of  tint 
appears  suitable.  A second 
apparatus  is  then  filled  to  100 
divisions  with  the  liquid  to  be  tested  and  its 
disc  is  adj  usted  until  the  colours  of  the  columns  of 
liquid  in  the  two  jars  appear  of  equal  intensity. 

By  placing  on  the  white  disc  a small,  black, 
hemispherical  button,  this  instrument  may  be 
used  for  determining  the  strength  of  turbid 
solutions,  such  as  milk,  or  for  ascertaining  the 
amount  of  a precipitate  suspended  in  a liquid. 
Milk  is  diluted  before  examination  with  99  parts 
of  water,  and  is  compared  with  a similarly  diluted 
millc  of  known  quality,  the  disc  with  the  button 
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being  adjusted  in  each  tube  as  above  until  just 
invisible. 

The  slight  alteration  in  the  level  of  the  liquid 
caused  by  the  varying  length  of  the  sliding  tube 
contained  in  the  liquid  when  adjusting  the 
height  of  the  white  disc  is  found  by  experiment, 
and  a correction  must  be  introduced  into  the 
calculation  for  variations  of  more  than  two  or 
three  divisions. 

A very  useful  colorimeter,  especially  designed 
for  the  estimation  of  carbon  in  steel,  but  of 
course  available*  for  other  purposes,  has  been 
introduced  by  Stead  (Proc.  Iron  and  Steel  Inst. 
1883,  No.  1,  213).  A similar,  but  more  con- 
venient apparatus,  devised  by  Ridsdale  (J.  Soc. 
Chem’  Ind.  1886,  586)  is  shown  in  Fig.  2.  Three 
glass  tubes,  each  fitted  below  with  a small. 


Fig.  2. 


opaque,  white  cylinder,  are  placed  beneath  a 
movable  mirror,  in  a stand  which  may  be  turned 
to  any  position  upon  its  weighted  base.  The 
central  tube  is  removable  and  is  closed  below  ; 
the  outer  tubes  are  drawn  out  and  pass  through 
indiarubber  corks  into  ruby  glass  bottles,  con- 
taining standard  solutions  of  different  strengths. 
Each  bottle  has  a tube  with  a stopcock  through 


which  the  liquid  may  be  introduced  or  removed, 
and  each  is  connected  by  a flexible  tube  with  a 
syringe. 

The  liquid  under  examination  is  introduced 
into  the  central  tube,  and  by  working  the 
syringes  the  standard  solutions  are  raised  in 
their  tubes  until  the  intensity  of  colour  in  each 
tube,  as  seen  by  looking  into  the  mirror  which 
is  adj-usted  to  reflect  the  light  passing  upwards 
through  the  tubes,  is  identical.  Two  distinct 
comparisons  are  thus  simultaneously  made,  and, 
by  noting  the  height  of  each  column  by  means 
of  the  sliding  pointer,  the  strength  of  the  tested 
liquid  may  be  ascertained  from  the  formula 
already  given.  A very  important  advantage  of 
this  apparatus  is  that  every  part  except  the 
central  tube  is  cleansed  and  recharged  without 
disconnection. 

Ridsdale  (J.  Soc.  Chem.  Ind.  1888,  70)  has 
devised  an  apparatus  for  the  examination  of 
liquids  of  deeper  tint  than  can  be  used  in  the 
foregoing  apparatus.  The  central  upper  tube 
(Fig.  3)  is  sealed  below,  the  upper  side  tubes  are 
perforated  at  the  bottom.  Each  tube  contains 
a loose  white  opaque  plug,  and  each  is  held  at 


Fig.  3 


any  height  by  a movable  jaw  pressed  against  it 
by  an  indiarubber  band. 

The  centre  tube  is  charged  with,  say,  10  divi- 
sions of  the  standard  solution,  and  the  test 
liquid  is  run  into  one  of  the  side  tubes,  whence 
it  passes  at  once  into  the  lower  tube.  When 
this  is  nearly  filled,  it  is  gradually  raised  to 
bring  a portion  of  its  contents  into  the  upper 
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tubs,  until,  on  looking  down  vertically,  the 
colours  in  the  upper  side  tube  and  in  the  stan- 
dard tube  are  of  equal  intensity.  The  calcu- 
lation is  made  as  already  described.  The  lower 
tube  beneath  the  standard  tube  must  be  raised 
with  that  of  the  side  tube  in  order  to  equalise 
the  effect  of  the  double  thickness  of  glass. 
When  the  solutions  to  be  tested  differ  widely  in 
tint,  the  standard  tube  may  be  perforated  so 
that  the  length  of  its  column  may  be  readily 
adjusted. 

Stokes’  apparatus  (Chem.  Soc.  Proc,  1887, 
135)  has  two  tubes  placed  vertically  in  a stand 
with  a reflector  below.  One  tube  is  connected 
with  a reservoir  of  the  standard  solution,  by 
raising  or  lowering  which  the  level  of  liquid  in 
the  tube  can  be  altered. 

A similar  arrangement  is  used  in  Le  Docte’s 
colorimeter  (Eng.  Pat.  20667,  1898). 

The  Kennicott- Sargent  colorimeter  (Chem. 
Engineer,  1907,  213)  differs  from  the  above  only 
in  altering  the  level  of  the  standard  liquid  by 
moving  a glass  plunger  in  a fixed  cylindrical 
reservoir. 

Another  arrangement,  in  which  the  standard 
liquid  is  forced  into  a graduated  tube  from  a 
reservoir,  is  described  by  Giinsberg  (Dingl.  poly. 
J.  228,  457). 

The  Nesslerising  tubes  adopted  by  Hehner 
(Chem.  News,  33,  185)  and  recommended  by 
Milne  (J.  Soc.  Chem.  Ind.  1887,  33)  are  two 
cylinders  of  equal  and  perfectly  uniform  dia- 
meter, holding  about  100  c.c.  Each  is  graduated 
from  below,  and  at  about  the  30  c.c.  division  has 
a glass  stopcock. 

The  two  cylinders  are  placed  side  by  side  on 
white  paper,  and  to  one  of  them  is  added  100  c.c. 
of  the  liquid  to  be  tested,  followed  by  2 c.c.  of 
Nessler’s  solution.  To  the  other  tube  a suitable 
and  known  amount  of  standard  solution  of  am- 
monium chloride  is  added,  and  the  volume  is 
made  up  to  100  c.c.  with  distilled  water,  after 
which  2 c.c.  of  Nessler’s  solution  is  added.  The 
two  liquids  are  looked  at  vertknlly,  and  the 
darker  is  allowed  to  slowly  run  off  into  a clean 
beaker,  until  their  colours  are  equal.  The  com- 
parison may  be  repeated  after  filling  up  from  the 
beaker.  The  mode  of  calculation  is  the  same  as 
in  former  cases. 

A modified  form  of  Eggertz  tube  has  been 
described  by  Hogg  (J.  Soc.  Chem.  Ind.  1895, 
1022). 

In  a colorimeter  devised  by  Leeds  (Chem. 
News,  37,  229)  comparison  tubes  are  arranged 
in  a rack,  light  being  reflected  through  them  by 
an  inclined  upper  mirror,  and  again  reflected  to 
the  eye  of  the  observer  from  a mirror  similarly 
placed  beneath  them.  The  standard  liquid  is 
contained  in  a bottle  prism  which  is  moved 
beneath  one  of  the  comparison  tubes  containing 
distilled  water  only  until  the  colour  observed  is 
identical  with  that  in  the  tube  containing  the 
test  liquid.  The  strength  of  the  test  liquid  is 
calculated  from  the  thickness  of  liquid  in  that 
section  of  the  prism  which  is  interposed. 

Gallenkamp’s  colorimeter  (Chem.  Zeit.  Rep. 
1891,  324)  consists  of  two  vertical  troughs  en- 
closed in  a metal  frame.  That  which  contains 
the  standard  solution  is  wedge-shaped,  while  that 
for  the  test  liquid  is  rectangular.  An  observa- 
tion apparatus,  moving  vertically  over  a scale 
of  100  parts,  has  two  slits  at  the  same  level,  one 


opposite  each  trough,  the  light  from  whieh  is 
reflected  and  brought  into  one  eyepiece.  The 
observation  consists  in  finding  the  thickness  of 
the  stratum  of  standard  solution  in  the  prism, 
which  shows  the  same  depth  of  colour  as  the 
test  liquid. 

White’s  apparatus  differs  from  the  above  in 
having  two  wedge-shaped  tanks,  both  movable 
with  reference  to  two  fixed  slits  through  which 
the  depth  of  colour  is  observed. 

A colorimeter,  described  by  Autenrieth  and 
Koenigsberger  (Chem.  Zentr.  1910,  i.  2032)  and 
recommended  especially  for  the  determination 
of  hsematine  in  blood,  depends  on  comparison 
of  the  test  liquid  with  a stable  solution  of  similar 
hue  contained  in  a wedge-shaped  reservoir 
which  is  movable  vertically  beside  the  trough 
eontaining  the  test  liquid.  The  movement  of 
the  wedge  is  measured  on  a millimetre  scale,  and 
the  reading  translated  directly  into  percentages 
by  reference  to  a plotted  curve.  The  two  colours 
are  observed  through  a Helmholtz  ‘ Doppel- 
platte,’  which  obviates  a dividing  space  in  the 
field  of  view.  By  substituting  a suitable  wedge, 
the  instrument  can  also  be  used  for  the  estima- 
tion of  titanium,  iron,  chromium,  iodine,  am- 
monia, nitric  acid,  &c. 

Schreiner’s  colorimeter  (J.  Amer.  Chem.  Soc, 
1905,  1192)  consists  essentially  of  two  parts  : a 
wide  flat  - ended 
tube,  B,  about 
26  cm.  X 3 cm., 
graduated  in 
millimetres,  and 
the  flat  - ended 
immersion  tube  a, 
about  26  cm.  X 
2 cm,,  which 
slides  inside  the 
wider  tube. 

Two  such  pairs 
o f tubes  are 
mounted  on  a 
stand  (Fig.  4),  the 
inner  tubes  being 
fixed  to  the  top 
of  the  camera 
while  the  outer 
tubes  are  held  in 
brass  clips  which 
keep  them  in 
position,  but  per- 
mit their  being 
moved  up  and 
down.  The  length 
of  the  column  of 
liquid  enclosed 
between  the  ends 
of  the  outer  and 
inner  tubes  can 
thus  be  adjusted 
at  will.  Light, 
reflected  from  a white  surface  d,  passes  through 
the  two  columns  of  liquid,  and  is  then  reflected 
at  a mirror  E to  the  observer’s  eyes  at  r.  The 
axes  of  the  tubes  are  inclined  to  one  another 
so  as  to  bring  the  images  close  together. 
Standard  glass  slides  may  be  inserted  at  g 
in  place  of  one  of  the  wide  tubes,  the  immersion 
tube  being  left  in  position, 

Patterson  has  described  (J.  Soc.  Chem.  Ind. 
1890,  36)  a more  complex  apparatus  employing 
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ths  sain3  principle.  In  this  case  the  adjustment 
of  the  concentric  tubes  is  made  by  rack  and 
pinion,  and  total  reflection  prisms  are  employed 
to  bring  the  two  images  into  one  eyepiece.  By 
substituting  a direct-vision  spectroscope  for  the 
eyepiece,  the  apparatus  becomes  a spectrum 
absorptimeter.  ' 

The  simple  and  effective  colorimeter  devised 
by  Steiger  (J.  Amer.  Chem.  Soo.  1908,  215) 
consists  of  two  wooden  boxes  painted  dead-black 
inside,  one  of  which  (Fig.  5a)  is  mounted  on  a 


stand  and  has  a rectangular  opening  c in  the 
base,  while  the  second  box  (Fig.  5b)  fits  into  the 


first,  and  has  a rectangular  opening,  e,  which 
coincides  with  o. 

In  the  base  of  this  box  are  two  grooves  in 
which  slide  two  rectangular  glass  cells  k,  k, 
about  15  cm.  long  x 2 ‘5  cm.  wide  X 5 cm. 
deep. 

Fixed  vertically  over  the  opening  b are  two 
glass  rods  f,  f,  held  in  place  by  the  springs  r, 
each  carrying  at  the  lower  end  a small  plane 
mirror,  g,  fixed  at  an  angle  of  45°.  Light  coming 
through  the  ground-glass  a is  reflected  by  a 
mirror,  b,  through  the  aperture  E into  the  tank, 
where  it  is  again  reflected  at  the  mirror  G and 
passes  through  a column  of  liquid,  the  length  of 
which  can  be  altered  by  moving  the  tank  back- 
wards and  forwards.  When  equality  of  colour 
is  obtained,  the  lengths  of  the  columns  are  read 


off  on  millimetre  scales  engraved  on  the  base  of 
each  tank.  The  reading  is  taken  where  the 
lower  edge  of  the  mirror  touches  the  bottom  of 
the  tank. 

Otto’s  ozonometer  has  two  parallel  tubes  for 
gases  or  liquids,  and  employs  wedges  of  coloured 
glass  moving  over  a graduated  scale  as  a means 
of  measuring  the  depth  of  tint  (Eng.  Pat.  17524, 
1898). 

H.  Kriiss  suggests  (Zeitsch.  anorg.  Chem.  5, 
325)  the  application  to  colorimeters  of  the 
Lummer-Brodhun  double  prism,  whieh  gives  a 
field  of  view  in  which  there  is  no  visible  line 
of  separation  between  the  two  colours  under 
observation.  This  condition  gives  maximum 
accuracy  in  matching  the  colours  {see  also  Chem. 
Soc.  Abstr.  1894,  ii.  158). 

Andrieux  (Compt.  rend.  103,  281)  describes 
an  apparatus  in  which  the  quality  and  intensity 
of  a colour  are  determined  by  comparison  with  a 
ray  of  polarised  light. 

An  apparatus  has  been  described  by  Meisling 
(Zeitsch.  anal.  Chem.  1904,  137),  in  which  the  hue 
is  matched  by  the  colour  of  a quartz  plate  in 
polarised  light,  and  the  intensity  is  measured  by 
varying  the  length  of  the  column  of  liquid. 

An  ingenious  instrument,  introduced  by  Mr. 
J.  W.  Lovibond,  for  the  examination  of  liquids, 
powders,  fabrics,  &c.,  and  known  as  the  tinto- 
meter^ is  shown,  partly  in  section,  in  Fig.  6.  It 


Fig.  6. 

consists  of  a box,  closed  at  one  end  by  a ground 
glass  plate,  e,  and  separated  into  two  divi- 
sions h,  c.  The  box  is  carried  by  a stand,  adjust- 
able to  any  angle.  A square  glass  cell,  of 
known  width,  along  the  line  g'  containing  the 
solution  to  be  examined,  is  plaeed  in  one  divi- 
sion, and  glass  plates  Ti  of  similar  colour  (or,  if 
necessary,  of  different  colours,  producing  the 
proper  tint  in  eombination),  and  of  known 
intensity,  are  placed  in  grooves  in  the  other 
division,  until,  on  looking  through  both  tubes 
simultaneously  through  a single  eyepiece,  d, 
shaded  to  prevent  access  of  side  light  to  the  eye, 
the  appearance  through  the  glass  plates  is 
identical  with  that  through  the  solution. 

The  standard  plates  are  specially  prepared  of 
various  colours,  and  each  is  distinguished  by  a 
number  indicating  its  colour,  and  another  num- 
ber showing  the  intensity  of  colour,  i.e.  the 
number  of  plates  of  that  colour  of  unit  intensity 
required  to  produce  an  intensity  equal  to  that  of 
the  plate.  The  unit  chosen  by  the  inventor  for 
each  colour  is  an  arbitrary  one,  but  its  actual 
value  can  be  ascertained  at  any  time  by  com- 
parison with  a standard  solution  of  similar 
colour. 

In  some  cases  the  glass  plate  e is  wanting, 
and  an  adjustable  plane  glass  mirror  is  used  to 
reflect  the  light  to  the  apparatus  (Eng.  Pat. 
12867,  1886). 

When  the  colour  of  a fabric  is  to  be  estimated, 
the  fabric  is  stretched  on  a block  placed  in  the 
division  c,  and  a white  fabric  of  similar  texture, 
previously  compared  with  a plate  of  pure  plaster 
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of  Paris,  is  placed  in  the  division  h.  The  stan- 
dard plates  are  then  inserted  as  above  until  the 
appearances  through  the  eyepiece  are  identical. 
Powders,  sugars,  &c.,  pressed  in  a small  tray 
placed  in  the  division  c,  may  be  similarly  ex- 
amined, a tray  containing  pure  plaster  of  Paris 
being  placed  in  the  division  h ( J.  Soc.  Chem.  Ind. 
1888,  234). 

For  very  delicate  observations,  the  intensity 
of  the  light  used  may  be  found  and  noted,  before 
commencing,  by  closing  the  division  c and 
placing  in  the  divisions  6 as  many  standard 
plates  of  neutral  tint  as  serve  to  obstruct  all  the 
light. 

The  substitution  of  a movable  wedge  of 
coloured  glass  for  the  standard  plates  makes  the 
apparatus  available  for  ordinary  colorimetric 
determinations  (J.  Soc.  Chem.  Ind.  1888,  234). 
An  improved  form  of  Lovibond’s  apparatus  is 
binocular,  and  has  a movable  diaphragm.  This 
makes  it  applicable  to  tests  of  colour  vision 
{ibid.  1891,  489)  {see  also  Lovibond,  ibid.  1909, 
500). 

Procter  has  described  {ibid.  1895,  123)  a 
modified  form  of  tintometer  in  which,  by  a 
system  of  mirrors,  the  colours  to  be  compared 
are  brought  close  together  in  the  field  of  view, 
thus  giving  greater  accuracy. 

Sczepanik  (Eng.  Pat.  22995,  1907)  has 
patented  an  ingenious  apparatus  with  which  a 
numerical  record  of  any  colour  can  be  obtained. 
Three  strata  of  liquid  of  the  three  primary 
colours  are  superimposed.  The  thickness  of 
each  stratum  can  be  measured  and  altered  in- 
dependently of  the  others,  and  thus  any  hue  or 
intensity  of  colour  can  be  matched. 

Gardner  and  Dufton  have  introduced  the 
‘ Halite  ’ lamp,  which  gives  a light  of  the  quality 
of  daylight,  and  may  be  used  for  tintometric 
work  (J.  Soc.  Chem.  Ind.  1904,  598).  This 
lamp  is  also  of  use  in  performing  titrations  by 
artificial  light. 

A useful  device,  introduced  by  Hupre 
(Analyst,  5,  123),  may  be  mentioned  under  this 
heading.  In  the  volumetric  estimation  of  silver 
with  potassium  chromate  as  an  indicator, 
especially  when  the  solution  is  weak,  it  is  some- 
what difficult,  on  account  of  the  original  yellow 
colour  of  the  solution,  to  observe  the  first  tinge 
of  red  produced  by  the  formation  of  the  silver 
chromate.  Hupre  interposes,  between  the  eye 
and  the  test  liquid,  a flat  glass  cell  (of  which  the 
faces  are  about  half  an  inch  apart)  containing  a 
solution  of  potassium  chromate  of  such  strength 
as  will  neutralise  the  colour  of  the  test  liquid, 
which  thus  appears  perfectly  colourless,  and  in 
which  the  faintest  appearance  of  red  is  readily 
visible.  The  cell  filled  with  other  liquid  may  be 
similarly  adopted  in  many  other  titrations. 

Konig  (Proc.  Amer.  Phil.  Soc.  [18]  7,  29,  184, 
208,  211)  has  devised  a method  for  estimating 
metals  by  the  intensity  of  the  colour  imparted  by 
them  to  the  borax  bead.  He  dissolves  a known 
weight  of  the  oxide  in  a known  weight  of  borax, 
grinds  the  bead  until  its  faces  are  flat,  coats  it 
with  Canada  balsam  to  render  its  rough  faces 
transparent,  and  places  it  in  an  apparatus  where 
it  is  viewed  by  a lens  of  small  power,  while,  by 
means  of  a rack,  a glass  prism  whose  colour  is 
complementary  to  that  under  examination,  is 
moved  before  it  until  such  a thickness  is  inter- 
posed that  the  colour  of  the  bead  is  extinguished. 


A photochemical  process  for  estimating 
differences  in  the  intensity  of  a colour  has  been 
described  by  E.  J.  Mills  and  Buchanan  (J.  Soc. 
Chem.  Ind.  1888,  309).  It  has  been  apphed  to 
the  comparison  of  dyed  goods.  A number  of 
discs  of  the  tissues  are  photographed  on  one 
negative  from  which  a number  of  positives  on 
paper  sensitised  with  silver,  are  copied.  These 
are  treated  as  usual,  soaked  for  a considerable 
time  in  sodium  thiosulphate  to  remove  the  whole 
of  the  unaltered  silver  salt,  well  washed,  and 
dried.  The  disc  photographs  of  each  tissue  are 
cut  from  a number  of  positives  and  each  set  is 
burned  separately.  The  silver  in  the  residue  is 
dissolved  and  estimated  volumetrically.  The 
relative  amount  of  silver  found  in  the  different 
sets  of  discs  directly  represents  the  relative 
intensity  of  the  colours. 

The  following  colorimetric  process  for  the 
estimation  of  minute  quantities  of  sulphur  in 
iron,  mineral  waters,  black  ash,  slag,  &c.,  is  due 
to  Wiborgh  (Chem.  Zeit.  10,  92  ; Chem.  News, 
1886,  54,  158). 

The  divided  metal,  ore,  &c.,  or  the  concen- 
trated solution,  is  introduced  into  a small  flask 
provided  with  an  indiarubber  cork,  through 
which  passes  a stoppered  funnel  for  introduction 
of  acid,  and  a narrow-mouthed  funnel  ground  at 
the  top.  A disc  of  white  calico,  which  has  been 
previously  saturated  with  a solution  of  5 grams 
crystalhsed  cadmium  nitrate  (or,  preferably, 
cadmium  acetate)  in  100  c.c.  of  water  and  dried 
in  a horizontal  position  on  a cloth,  is  fixed 
between  two  indiarubber  rings  of  the  same 
interior  diameters  as  the  standard  discs  here- 
after described,  and  the  rings  are  firmly  clamped 
over  the  funnel  mouth.  Hilute  sulphuric  acid 
is  poured  into  the  flask  and  heat  is  applied.  In 
from  30  to  45  minutes  the  whole  of  the  sulphur 
which  is  capable  of  conversion  into  sulphuretted 
hydrogen  has  passed  off  in  that  form  and  has 
been  wholly  absorbed  by  the  cadmium  salt  on 
the  calico.  The  disc  is  removed  and  compared 
with  a set  of  standard  discs,  similarly  prepared 
from  iron  containing  a known  amount  of  sul- 
phur. The  standard  discs  should  not  be  ex- 
posed too  freely  to  light.  Arsenic,  carbon, 
silicon,  and  copper  do  not  appear  to  affect  the 
determination.  This  method  is  so  delicate  that 
a disc  will  show  a tinge  of  the  yellow  colour  due 
to  the  cadmium  sulphide  when  so  small  a quan- 
tity as  the  1000th  of  a milligram  of  sulphur  is 
present  per  square  centimetre. 

COLOUR  AND  CHEMICAL  CONSTITUTION. 
The  object  of  this  article  is  to  give  as  concise 
a description  as  possible  of  the  various  rules 
which  have  been  established,  and  the  theories 
which  have  been  proposed,  with  regard  to  the 
relation  between  colour  and  chemical  constitu- 
tion, particularly  to  the  colour  of  dyes,  with 
special  reference  to  those  rules  which  have 
proved  of  value  in  the  preparation  of  dyes  and 
which  have  served  as  guides  for  modif5dng  the 
colour  in  a group  of  dyes. 

Historical  Outline. — The  first  synthetic 
dye  (mauve)  was  produced  by  Sir  W.  H.  Perkin 
in  1856.  This  branch  of  synthetic  chemistry 
developed  with  great  rapidity,  and  in  the  next 
twenty  years  the  first  members  of  many  im- 
portant groups  of  dyes  had  been  prepared,  e.g. 
fuchsine  (1859),  rosaniline  blue  (i860),  and 
alkylated  triphenyl  methane  dyes  (1863-1866)  ; 
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Bismarck  brown  (1864),  chrysoidine  (1876),  and 
naphthol  orange  (1876)  in  the  azo-  group; 
Martius  yellow  (1864)  in  the  nitro-  group ; 
Magdala  red  (1868)  in  the  azine  series  ; alizarin 
(1869)  of  the  anthraquinone  group;  fluorescein 
and  eosin  (1874),  representing  the  phthaleins, 
and  Lauth’s  violet  (1876),  foreshadowing  the 
thiazines.  By  this  time  sufficient  material 
had  been  accumulated  to  allow  the  formulation 
of  the  well-known  Witfs  Rule  (1876),  according 
to  which  substances  attained  the  potentiality 
of  colour  when  their  molecules  contained  certain 
atomic  arrangements  or  groups,  which  Witt 
termed  cliromo'phores.  The  colour  and  dyeing 
properties  were  made  manifest  by  the  intro- 
duction of  additional  groups  termed  auxochromes. 

Within  the  next  three  years  additional 
triphenylmethane  and  azo-  dyes  were  produced, 
deeper  colour  (red)  being  attained  in  the  latter 
group  by  the  use  of  naphthalene  components 
in  place  of  the  benzene  derivatives  used  in  the 
earlier  members,  as  e.g.  in  the  Ponceaus  (1878)  ; 
and  also  by  the  introduction  of  an  additional 
chromophore,  as  in  Biebrich  scarlet  (1878).  A 
consideration  of  the  results  now  obtained, 
especially  in  the  triphenylmethane  and  azo- 
groups, led  to  the  enunciation  of  Nietzki's  Rule 
(1879),  which  states  that  the  colour  of  a dyestuff 
can  be  deepened  by  adding  groups  so  as  to 
increase  its  molecular  weight,  and  that  the 
deepening  of  colour  produced  is  more  or  less 
proportional  to  the  increase  of  molecular  weight. 
(It  should  be  noted  that  the  term  depth  is  used 
by  colour- chemists  in  a very  definite  and  limited 
way.  In  ordinary  language  the  term  depth  of 
colour  has  at  least  two  meanings.  Blue  and 
red  are  said  to  be  deeper  colours  than  yellow, 
and  also  one  yellow  is  said  to  be  deeper  than 
another  yellow  if  it  is  stronger  or  more  intense, 
i.e.  less  admixed  with  white.  Colour- chemists 
restrict  the  use  of  the  term,  and  employ  it  for 
the  first  purpose  only.  Blue  is  deeper  than  red 
or  yellow,  and  red  is  deeper  than  yellow.  The 
ordinary  colours  arranged  according  to  depth 
are  : green,  blue,  violet,  red,  orange,  yellow, 
i.e.  the  complements  to  the  ordinary  colours  of 
the  spectrum  taken  in  order  from  the  red  to 
the  violet  end.  This  rule  served  for  many 
years  as  a most  valuable  guide  in  extending  the 
range  of  colours  in  many  groups  of  dyes,  especi- 
ally in  the  azo-  group,  in  which  the  deepest 
colours  were  now  soon  obtained  (blue-black, 
1882,  Glaser).  It  may  be  said  that  this  rule  is 
still  a valuable  guide  to  the  colour  chemist. 

In  1885  Liebermann  and  v.  Kostanecki  pub- 
lished the  results  of  their  investigations  of  the 
colour  and  dyeing  properties  of  the  hydroxy- 
derivatives  of  anthraquinone.  Although  these 
authors  did  not  commit  themselves  to  any  very 
definite  statement,  yet  their  publication  drew 
the  attention  of  colour-chemists  to  the  ease 
with  which  colour  could  be  deepened  by  the 
multiplication  of  auxochrome  groups  in  the 
molecule,  provided  these  groups  were  suitably 
arranged.  This  general  principle  may  be  said 
to  have  been  of  equal  value  with  Nietzki’s  Rule, 
and  for  many  years  the  development  of  dye 
manufacture  was  almost  entirely  controlled 
by  these  two  rules.  Very  interesting  and 
ingenious  methods  were  developed  by  Bohn 
and  Schmidt  in  1888  and  1890  for  the  multi- 
plication of  hydroxyl  groups  in  the  anthra- 


quinone molecule  with  the  result  that  a complete 
range  of  colours  was  soon  available  in  this  group 
of  mordant  dyes.  The  continued  application 
of  the  same  idea  led  somewhat  later  to  the 
preparation  of  anthraquinone  dyes  containing 
both  amino-  and  hydroxyl-  groups,  such  as 
alizarin  saphirol  (1898),  which  combines  the 
advantages  of  deep  colour  and  fastness  with 
brightness  and  clearness  of  tone.  Liebermann 
and  Kostanecki’s  Rule  led  at  once  to  the  careful 
study  and  production  of  dihydroxy-,  amino-, 
hydroxy-,  and  diamino-naphthalene  derivatives 
and  their  employment  in  the  manufacture  of 
azo-  dyes.  This  general  principle  led  to  the 
production  between  the  years  1887  and  1897  of 
an  enormous  number  of  azo-  dyes  of  all  colours. 

In  1888  H.  E.  Armstrong  put  forward  the 
best-known  theory  which  has  ever  been  formu- 
lated as  to  the  cause  of  colour  in  organic  com- 
pounds. This  is  known  as  the  Quinonoid  Theory. 
Its  author  pointed  out  that  the  chemical  formulae 
of  the  well-known  dyestuffs  either  contained 
the  quinonoid  grouping  or  could  be  slightly 
modified  or  rearranged,  in  accordance  with 
accepted  ideas  on  tautomerism,  so  as  to  contain 
this  grouping.  More  recent  work  has  shown  that 
the  original  quinonoid  theory  cannot  stand. 
Modifications  have  been  put  forward  by  Baeyer 
(1907)  and  H.  v.  Liebig  (1908),  neither  of  which, 
however,  is  entirely  satisfactory. 

Of  recent  years  it  has  come  to  be  generally 
recognised  that  visible  colour  is  only  a special 
case  of  selective  absorption.  That  some  sub- 
stances are  coloured  whilst  others,  nearly 
related,  are  colourless,  must  be  regarded  as 
more  or  less  accidental,  and  due  to  a physiological 
cause  rather  than  to  any  essential  physical 
difference  between  them,  viz.  to  the  fact  that 
the  human  eye  can  only  detect  selective  absorp- 
tion within  a limited  range  of  the  spectrum. 
The  problem  .of  colour  has  thus  resolved  itself 
into  two  parts  : (1)  the  cause  of  selective 

absorption ; (2)  the  cause  of  the  absorption 

lying  within  the  limits  of  the  visible  spectrum. 

As  to  the  cause  of  selective  absorption 
various  theories  have  been  put  forward  in 
recent  years.  We  may  mention  Baly  and 
Desch’s  theory,  according  to  which  absorption 
bands  are  due  to  dynamic  isomerism  (1904- 
1905),  Stewart  and  Baly’s  theory  of  isorropesis 
as  the  cause  of  selective  absorption  (1906), 
Watson  and  Meek’s  theory  that  absorption  in 
the  visible  spectrum  and  its  neighbourhood  is 
due  to  the  reversal  during  tautomeric  change  of 
a conjugate  chain  of  alternate  double  and 
single  bonds  (1915),  the  theory  that  absorption 
bands  in  the  visible  part  of  the  spectrum  are 
due  to  the  vibration  of  electrons,  and  Baly’s 
theory  (1914)  that  absorption  bands  in  the 
visible  and  ultra-violet  parts  of  the  spectrum 
are  due  to  overtones  or  summation  or  difference 
tones  derived  from  fundamental  vibrations 
causing  infra-red  absorption  bands  (infra-red 
absorption  bands  have  been  attributed  by  most 
investigators  to  the  vibrations  of  definite 
chemical  radicals,  Abney  and  Testing  (1881), 
Julius  (1888),  Coblentz  (1904-1905),  and  Weniger 
(1910)).  In  1897  Pauer  showed  that  under 
certain  circumstances  ordinary  broad  absorption 
bands  are  replaced  by  a large  number  of  fine 
bands,  recalling  the  lines  in  the  emission  spectra 
of  substances  examined  in  flames  or  under  the 
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influence  of  the  electric  discharge.  Hartley 
(1908)  came  to  the  conclusion  that  the  ordinary 
broad  absorption  bands  are  formed  by  the 
fusion  of  these  narrow  bands.  Various  ob- 
servers have  shown  the  intimate  connection 
between  such  fine  absorption  bands  and  the 
lines  in  the  emission  spectra  of  the  same  sub- 
stances, e.g.  Wiillner  (1863),  Mitscherlich  (1864), 
Salet  (1872),  Eder  and  Valenta  (1899).  And, 
finally,  in  certain  cases  (hydrogen  and  helium) 
the  lines  in  the  emission  spectra  have  been 
deduced  with  great  accuracy  on  the  hypothesis 
that  they  are  due  to  rotational  vibration  of 
electrons  within  the  atoms. 

The  fact  that  so  many  different  theories 
have  been  formulated  makes  it  obvious  that 
no  final  conclusion  has  been  reached  as  to  the 
cause  of  absorption  bands  in  general. 

As  to  the  causes  which  bring  the  absorption 
bands  into  the  visible  spectrum  and  influence 
their  positions  within  the  visible  spectrum, 
many  investigators  showed  that  Nietzki’s  rule 
was  only  a first  approximation  to  the  facts,  and 
many  exceptions  to  this  rule  were  collected  by 
Schutze  (1892).  Hewitt  (1907)  suggested  that 
the  chief  oscillation  frequency  was  less,  and 
consequently  the  colour  was  deeper,  the  longer 
the  conjugate  chain  of  alternate  double  and 
single  bonds  in  the  molecule.  The  present 
writer  pointed  out  in  1914  that  those  dyes  of 
which  the  molecular  formula  can  only  be 
written  in  a quinonoid  form  have  all  a deep 
colour,  whilst  if  the  formula  can  be  written 
either  in  a quinonoid  or  a non-quinonoid  form, 
even  great  molecular  complexity  may  fail  to 
produce  any  great  depth  of  colour.  Watson 
and  Meek  (1915)  showed  that  in  several  series 
the  period  of  the  absorption  band  is  propor- 
tional to  the  length  of  the  conjugate  chain, 
which  may  be  assumed  to  reverse  during 
tautomeric  change. 

No  explanation  has  yet  been  offered  of  the 
great  effect  on  depth  of  colour  which  is  so 
frequently  produced  by  a multiplication  of 
auxochromes.  The  relative  position  of  the 
auxochromes  has  a great  effect  on  the  colour. 
Certain  regularities  in  this  respect  have  been 
pointed  out  by  Kauffmann  and  Eranck  (1906), 
and  Meek  and  Watson  (1916). 

It  cannot  be  said  that  the  theories  which 
have  been  formulated  since  1885  have  proved 
of  much  service  for  the  preparation  of  dyes. 
In  the  older  group  of  dyes  a complete  range  of 
colours  had  already  been  attained  by  assiduous 
experiment,  guided  by  Nietzki’s  and  Liebermann 
and  Kostanecki’s  rules.  It  may  perhaps  be 
claimed  that  the  quinonoid  theory  had  some 
influence  in  the  development  of  the  azo- 
pyrazolone dyes.  The  present  writer  was  able 
to  apply  one  of  the  rules  which  he  formulated 
to  the  production  of  deep -coloured  dyes  from 
the  yellow  flavones,  and  the  work  in  this  direc- 
tion was  perhaps  of  service  for  the  recognition 
of  the  molecular  structure  of  the  colouring 
matters  of  flowers  (anthocyanins).  As  to  the 
new  groups  of  valuable  synthetic  dyes  which 
have  been  developed  recently,  the  sulphide 
dyes,  and  the  anthraquinone  vat-dyes,  the 
constitution  of  the  former  has  been  too  little 
understood  to  allow  of  anything  but  empirical 
investigation,  whilst  in  the  latter  group  (the 
anthraquinone  vat-dyes),  our  theories  seem  at 


present  quite  unable  to  explain  the  wealth  of 
colour  phenomena  exhibited  by  the  dyes  already 
synthesised. 

A short  account  is  appended  of  some  of  the 
more  important  theories  and  rules  above 
mentioned. 

WitVs  Rule. — This  investigator  pointed  out 
(Ber.  1876,  9,  522)  that  two  things  are  required 
to  give  an  organic  substance  colour  and  dyeing 
properties.  The  molecule  must  possess  a 
certain  grouping  of  atoms  to  give  it  the  potenti- 
ality for  colour,  and  it  must  also  possess  a salt- 
forming radical  to  bring  out  the  colour  and 
dyeing  properties.  The  atomic  groupings  giving 
the  potentiality  of  colour  he  termed  chromo- 
phores,  and  molecules  containing  them  were 
called  chromogens.  He  specified  the  following 
chromophores  and  gave  illustrations  of  chromo- 
gens  containing  them  : — 


Chromophores 

NO2 

— N=N— 


— CO— 


\ 


.0^ 

\CeH4(CO)2^ 


Chromogens 

CeH.NO^ 

CeH,-N=N-CeH5 
/CO. 

>CeH4 

CO/ 


C6H4 


CeH4< 


UO— C6H4S 


UO— CeH4^ 


>0 


It  will  be  noticed  that  some  of  the  chromo- 
gens are  colourless,  e.g.  nitrobenzene  and 
phenolphthalein,  whilst  others  have  a feeble 
colour,  c.g.  azobenzene  and  anthraquinone ; 
but  none  of  the  chromogens  has  any  dyeing 
property.  The  colour  is  developed  or  strength- 
ened by  the  introduction  of  sall-torming  radicals 
into  the  chromogens.  These  radicals  he  there- 
fore termed  auxochromes.  Hydroxyl,  amino - 
and  substituted  amino-  groups,  e.g.  NHCHg, 
N(CH3)„  &c.,  are  the  principal  auxochromes. 
Not  all  salt-forming  groups  can  act  as  auxo- 
chromes, e.g.  sulphonic  and  carboxyl  groups  are 
without  this  function.  The  following  table 
shows  how  the  chromogens  already  mentioned 
are  converted  into  dyes  by  the  introduction  of 
auxochromes  : — 


Chromogen 

CeH^NO^ 


CeH5-N=:N- 


./ 


/ 


CO-CoH4 

> 

CO-C6H4 


Dye 

C6H4(N02)0H 

Nitrophenol. 
CeH4(N02)NH2 
Nitraniline. 

-CeHg  CgHg-N^N— CCH4OH 

Benzene-azo-phenol. 
-N=N— C6H4NH, 
Aniline  yellow. 


CeH, 


CO-CoHj-OH 

CcH4<(  )>0 

CO-CgHg-OH 

riuorescei'n. 


The  Quinonoid  and  Modified  Quinonoid 
Theohies. 

In  1888  (Proc.  Chem.  Soc.  1888,  27-33). 
H.  E.  Armstrong  pointed  out  that  the  chemical 
formulae  of  the  well-known  dyestuffs  either 
contained  the  quinonoid  grouping  or  could  be 
slightly  modified  or  rearranged,  in  accordance 
with  accepted  ideas  on  tautomerism,  so  as  to 
contain  this  grouping.  The  quinonoid  grouping 
may  be  defined  as  a benzene  nucleus  to  which 
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other  atoms  or  groups  are  attached  by  double 
bonds  in  the  para-  or  ortho-  positions  r 

\ 


derivatives  (VII),  and  the  anhydride  (VIII)  of 
phenanthraquinone  dioxime  : — 

O NH  NOH3 


= or  =< 


Armstrong  was  probably  much  impressed 
by  the  recently  discovered  fact  that  benzene- 
azo-/3-naphthol  was  identical  with  the  phenyL 
hydrazone  of  /3-naphthoquinone,  so  that  there 
was  as  much  justification  for  the  formula 


0 


as  for  the  more  usual  one  based  on  the  formation 
of  the  substance  from  ^B-naphthol  and  a benzene- 
diazonium  salt,  viz.  : 

HO 


MeON  NOMe 
(VI) 


11  11 

AcON  NOAc 
(VII) 


CeH3N=N 


and  if  it  were  allowable  to  assume  tautomerism 
to  a quinonoid  form  in  this  case,  it  might  be 
allowable  in  other  cases,  e.g.  in  the  case  of 
fluorescein  : 


0 0 0 


/ \ 

\_/ 


whilst  in  the  case  of  p-rosaniline  it  was  quite 
consistent  with  experimental  fact  to  suppose 
that  on  the  conversion  of  the  base  into  salts 
there  was  elimination  of  a molecule  of  water 
and  formation  of  a substance  with  a quinonoid 
structure  : 

/OeH^NH, 

HO— C-CeH^NH^ 

XCeH.NH^ 

HCl 

In  many  cases  the  ordinary  formula  already 
contained  the  quinonoid  structure. 

The  theory  has  been  shown  to  be  untenable. 
On  the  one  hand,  substances  have  been  prepared 
which  have  a quinonoid  structure,  but  are 
colourless,  and  on  the  other  hand,  coloured 
substances  are  known  to  which  a quinonoid 
structure  cannot  be  assigned. 

Colourless  Substances  possessing  a Quinonoid 
Structure. — Iminoquinone  (I),  diiminoquinone 
(II),  quinonedimethylimine  (colourless  in  crystal- 
line form,  yellow  in  solution)  (III),  dipheno- 
quinone  (exists  in  two  modifications,  one  of 
which  is  colourless)  (IV),  and  fuchsonimine 
(V) ; »also  the  dimethyl  ether  (VI),  the  diacyl 


^CeH4=NH*HCl 
fCgH^-NH^  +H2O 
\C3H4-NH, 


N N 

V 

0 

(VIII) 

Coloured  Substances  to  which  a Quinonoid 
Structure  cannot  he  assigned. — Nitroquinol  di- 
methyl ether,  the  sulphate  of  p-trichlortriphenyl 
carbinol,  the  fulvenes,  e.g.  dimethylfulvene,  and 
some  fatty  compounds,  such  as  di acetyl,  tertiary 
nitroso-  compounds,  e.g.  ^er^-nitrosobutane,  and 
dinitroparaffins. 

Baeyer’s  Modification  of  the  Quinonoid 
Theory. — It  has  already  been  mentioned  that 
fuchsonimine  is  colourless.  The  introduction  of 
a para-  amino  group  into  one  of  the  phenyl 
groups  causes  the  development  of  colour  : 

p-NH^UeH 


This  and  similar  facts  led  A.  v.  Baeyer  to 
suggest  that  the  cause  of  colour  is  an  oscillation 
of  the  quinonoid  condition  between  two  or 
more  benzene  nuclei  (Jour.  Chem.  Soc.  Abs. 
1907,  i.  504).  If  we  call  the  three  benzene 
nuclei  in  the  above  compound  A,  B,  and  C,  it 
will  be  seen  that  the  oscillation  of  a hydrogen 
atom  will  allow  A and  B alternately  to  become 
quinonoid  : 


Baeyer  suggested  that  this  oscillation  was  the 
cause  of  the  colour. 

Manv  strongly-coloured  substances  are  known 
in  which  such  an  oscillation  is  not  possible. 
And  necessarily  all  the  arguments  against  the 
original  quinonoid  theory  apply  with  still  greater 
force  against  this  modified  quinonoid  theory. 
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H.  V.  Liebig’’ s Theory  that  — A — A — A — is 
the  Essential  Organic  Chromophore. — The  fact 
that  the  fulvenes  are  coloured,  although  they 
do  not  contain  the  quinonoid  structure,  led 
H.  Y.  Liebig  to  suggest  that  the  essential  cause 
of  colour  is  the  arrangement  of  linkages  which 
is  possessed  both  by  quinonoid  compounds  and 


the  fulvenes,  viz.  — A — A — ^A — (Annalen, 
1908,  360,  128).  This  theory  explains  the  colour 
of  nitroquinol  dimethyl  ether,  which  contains 
this  arrangement  of  linkages  : — 


OMe 


C 


c/Nc— N 
ctjcx 


/o 

^0 


The  theory  will  not  explain  the  colour  of  the 
tertiary  fatty  nitroso-  compounds  ; and,  of  course, 
the  existence  of  colourless  quinonoid  compounds 
is  as  much  an  argument  against  this  modification 
as  against  the  original  quinonoid  theory. 

Nietzki’s  Rule.  The  colour  of  a dyestuff 
can  he  deepened  hy  adding  groups  so  as  to  increase 
its  molecular  weight,  and  the  deepening  of  colour 


produced  is,  more  or  less,  proportional  to  the 
increase  of  its  molecular  weight  (Verhandl  des 
Vereins  zum  Beforderung  des  Gewerbefieisses, 
1879,  58,  231).  This  rule  was  probably  formu- 
lated by  Nietzki  to  summarise  well-known  facts 
in  connection  with  the  triphenylmethane  group 
of  dyes,  but  apparently  was  not  based  on  any 
systematic  investigation.  The  table  on  p.  349 
shows  that  the  rule  applies  to  a considerable 
extent  to  other  groups  besides  the  triphenyl- 
methane series. 

The  rule  was  subjected  to  a careful  examina- 
tion by  Schiitze  (Zeitsch.  physikal.  Chem.  1892, 
9,  109  et  seq.),  who  pointed  out  many  exceptions. 
He  showed  that  in  some  cases,  e.g.  on  the  addi- 
tion of  a nitro-  group  to  indigo,  the  shade  even 
becomes  lighter  instead  of  deeper,  and  he  intro- 
duced the  terms  hathychrome  and  hypsochrome, 
the  former  being  applied  to  those  groups  which 
produce  a deepening  of  colour,  and  the  latter 
to  those  having  the  contrary  effect.  Another 
example  of  a hypsochrome  is  the  acetyl  group. 
All  dyestuffs  containing  hydroxyl-  or  amino- 
groups  become  much  lighter  in  colour  when 
completely  acetylated. 

The  following  table  is  of  interest,  as  showing 
that  in  some  cases  the  molecular  weight  may 
be  made  very  large  without  a deep  colour  being 
attained. 


Molecular  formula 

Mol.  wt. 

1 

Shade  of  dyeing  j 

CgHg— N=N— C6H4OH 

198 

yellow  j 

CeH5-N=N--CeH4-N=N-CeH3°jQjj 

346 

brownish  yellow 

C,H3-N=N-CeH4-N=N-CeH4^N=N-C3H30“Qjj 

450 

brownish  yellow 

CeH3-N=N-CeH3®“^ 

274 

orange 

C.H3-N=N-C.H30H^jj 

482 

yellow 

C3H3-N=N-C3H30H^jj 

(OH)cC^C.H4-N=N-C3H3®Hqjj 

C3H4  N = N ^6^3000 

752 

yellow 

Hewitt’s  Rule.  This  investigator’s  re- 
searches on  the  colour  of  azo-  compounds  led 
him  to  the  conclusion  that  the  chief  oscillation 
frequency  is  less,  and  consequently  the  colour  is 
deeper,  the  longer  the  conjugate  chain,  i.e.  the 
chain  of  alternate  double  and  single  bonds,  in 
the  molecule  (Chem.  Soc.  Trans.  1907,  91,  1251). 

He  noticed  that  in  the  case  of  many  azo- 
dyes  the  introduction  of  a nitro-  group  into  the 
benzene  nucleus  not  containing  auxochromes 
produced  very  pronounced  deepening  of  colour 
in  alkaline  solution,  e.g.  p-nitrobenzeneazo- 
phenol  and  p-nitrobenzeneazonaphthol  have 
much  deeper  colours  (crimson  and  violet)  than 
benzeneazophenol  and  benzeneazonaphthol 
(orange  and  crimson  respectively).  He  brought 
forward  evidence  in  favour  of  the  assumption 
that  in  alkaline  solution  these  nitro-  derivatives 


have  an  iso-  nitroso  structure,  and  in  this  form 
the  nitro-  derivatives  have  a much  longer  con- 
jugate chain  than  the  parent  substances,  e.g.  : — 

compared  with  : 

/ ^nH— N-<^~^=0 

Sircar  (Chem.  Soc.  Trans.  1916,  109,  757, 
et  seq.)  showed  that  in  very  similar  azo-  com- 
pounds the  length  of  the  conjugate  chain  is  not 
proportional  to  the  depth  of  colour,  e.g.  4- 
nitronaphthalene-1 -azophenol  only  gives  a red 
colour  in  alkaline  solution,  whilst  p-nitrobenzene- 
azo-a-naphthol  dissolves  in  the  same  solvent 
with  a blue  colour,  whilst  the  two  substances 
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Name 

Molecular  formula 

Mol. 

wt. 

Shade  of  dyeing 

.CeH^NH^ 

PararosanUine  . 

C^CeH.NH^ 

^C5H4  = NH2C1 

281-5 

Magenta 

U6H4NHCH3 

Methyl  Violet  R 

Methyl  Violet  3B 

C^CgH^NHCHg 

V!6H4=NHCH3C1 

/CeH4'N(CH3)3 

CfCeH4-N(CH3)3 

\CeH4-=N(CH3)3Cl 

323 '6 

365*5 

Reddish  violet 

Violet 

Rosaniline  Blue 

/C6H4NHCeH5 

C^C3H4-NHC6H5 

509*5 

Blue 

V6H4=NHC6H6-C1 

Iodine  Green 

/C3H4-N(CH3)3 

C^CeH4N(CH3)3+CH3l 

599 

Green 

\CeH,=N(CH3),I 

Benzene-azo-phenol 

CgHg— N=N— CeH40H 

198 

Yellow 

Benzene-azo-naphthol . 

C.Hj— N=N— C„HeOH(/3) 

248 

Red 

Biebrich  Scarlet . 

S03H-C6H4— N=N— C6H3(S03H) 

512 

Red 

— N=N— CioHe-OH(^) 

* 

Naphthol  Black  . 

(S03H)2CioH5  N=N  CigHg 
/OH 

N=N— CioH4< 

^(S03H)2 

772 

Black 

Alizarin 

CO^ 

C6H4<  >CeH2(OH)2 

\co/ 

240 

Red  (on  alum) 

Alizarin  Bordeaux 

UO\ 

(0H)2C6H2<  >CeH2(OH)2 

\co/ 

272 

Bordeaux  (on  alum) 

Alizarin  Cyanine 

/CO\ 

(OH)2CeH2<  >CeH(OH)3 

^co/ 

288 

Violet  (on  alum) 

Fluorescein 

HO^ 

332 

Yellow 

xAc/X/ 

CeH  / \0 

'CO' 

Eosin  s « 

• 

Br  ^ Br 

\/^OH 

648 

Red 

“•"•O 

Gallein 

HO  ^ OH 

364 

Violet  to  blue  (ac- 
cording to  mor- 
dant.) 

\Ac/\/ 

C6H4(  )0 

Xo/ 

Indigotin  . 

C'16HioN202 

262 

Indigo  blue 

Ciba  Blue  BB  (Tetra- 

CisHeNjO^Br. 

578 

Greenish  blue 

bromindigotin) 

1 
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have  conjugate  chains  of  the  same  length.  He 
came  to  the  conclusion  that  in  azo-  dyes  the 
depth  of  colour  is  proportional  to  the  length  of 
the  conjugate  chain  reckoned  from  the  auxo- 
chrome  to  the  azo-  linkage. 

Watson’s  Rule. — The  present  writer  pointed 
out  (Proc.  Chem.  Soc.  1913,  29,  348  ; Chem. 
Soc.  Trans.  1914,  105,  759)  that  dyes  which 
are  quinonoid  in  all  possible  tautomeric  forms 
have  a deep  colour,  no  matter  how  simple  their 
structure  or  how  small  their  molecular  weight. 

‘ In  the  following  table  there  are  placed 
opposite  each  other  in  the  two  columns  dyes  of 
very  similar  constitution  which  yet  show 
remarkable  differences  in  depth  of  colour  : — 

Hexahydroxybenzophenone 
(Dyes  yellow  on  alum  and  chrome.) 

CeH,(OH)3'CO-CeH2(OH)3 

Leather  yellow 
(Dyes  yellow  on  leather.) 

c 

C,H  / I \CeH3-NH, 

\n/ 


4 : 4'-Diammoazobenzene 
(Yellow.) 

•NH^-CeH^-N  : NUeH^-NH^ 


Quercetin 

(Yellow  on  alum,  yellowish  brown  on  chrome.) 

O 


CeH3(OH),< 


^C-C,H,(0H)3 

COH 


CO 


Myricetin 

(Dyes  similar  shades  to  quercetin.) 

O 

C'C6H3(0H)3 

U-OH 


C.R.iOR), 


CO 


Anthracene  blue  W.R. 

(Dyes  violet  on  alum,  blue  on  clirome.) 

.C(OH). 

0 : CeH(OH)3<' 

^ OC^ 

Magenta 

(Dyes  bluish  red.) 

CsH.-NH^ 

CIH^N  : CfiH^  : C C6H4  NH2 

Indamine 

(Blue.) 

NH  : CeH4  : N C6H4-NH2 
Gallacetein 

(Dyes  violet  on  chrome.) 

0 


CeH,(OH)3< 


C : CeH2(OH)3 

I 

CH 


C 

CH3 


o 


‘ The  dyes  in  the  right-hand  column  can 
only  be  represented  by  formulae  containing  a 
quinonoid  arrangement.  Whatever  tautomeric 
change  they  may  be  supposed  to  undergo  their 
formulae  still  contain  the  quinonoid  arrange- 


ment. Those  on  the  left  hand  difier  in  that  thev 
can  be  represented  by  formulae  not  containing 
this  arrangement.  They  can,  of  course,  be 
supposed  to  tautomerise  into  forms  containing 
this  quinonoid  arrangement,  but  in  all  cases  it 
is  possible  to  represent  them  also  in  a non- 
quinonoid  form.’  ‘ A survey  of  all  the  better 
known  dye-stuffs  fully  bears  out  this  theory. 
The  triphenylmethane  dyes,  the  pyronines, 
benzei'ns,  and  fluorones,  the  indophenols,  inda- 
mines,  oxazines,  thiazines,  azines  (safranines, 
&c.),  all  satisfy  this  requirement  and  exhibit 
deep  colour,  in  many  cases  with  little  molecular 
complexity.  Hsematein  and  brazilein  conform 
to  this  rule.  Thoy  have  almost  the  same 
molecular  weight  as  the  flavones,  and  there  is 
considerable  resemblance  in  their  structure ; 
but  they  conform  to  this  rule,  whilst  the  flavones 
do  not,  and  consequently  their  colour  is  much 
deeper.  The  alizarin  series,  and  also  naphth- 
azarin,  illustre.te  the  rule.  On  the  other  hand, 
the  monoketonic  dyes,  e.g.  the  benzophenone 
and  xanthone  derivatives,  the  flavones  and 
flavonols,  ellagic  acid,  and  the  azo-  dyes  can 
be  represented  by  non-quinonoid  formulae  ; and 
many  members  of  these  groups,  despite  very 
considerable  molecular  complexity,  have  no 
great  depth  of  colour.’ 

Watson’s  and  Meek’s  Modification  of 
Hewitt’s  Rule. — In  passing  from  one  tauto- 
meric form  to  another  there  is  a reversal  of  the 
conjugate  chain,  so  that  double  and  single 
bands  change  places  all  along  the  conjugate 
chain.  In  that  group  of  substances  which 
can  only  tautomerise  from  one  quinonoid  form 
to  another  the  conjugate  chain  reversed  is 
generally  longer  than  in  the  other  group  of 
substances  which  can  tautomerise  from  a 
quinonoid  to  a non-quinonoid  form.  An 
appreciation  of  this  fact  led  to  the  formulation 
of  a further  modification  of  Hewitt’s  rule,  viz. 
that  the  colour  is  deeper  the  longer  the  con- 
jugate chain  reversed  during  tautomeric  change 
(Watson  and  Meek,  Chem.  Soc.  Trans.  1915, 
107,  1567).  This  rule  was  tested  by  measuring 
the  wave-lengths  of  the  maxima  of  the  absorption 
bands  of  seven  pairs  of  substances  which  were 
selected  as  being  very  similar  in  structure,  but 
having  conjugate  chains  of  different  lengths 
reversed  during  tautomerism.  It  was  found 
that  in  each  of  these  seven  pairs  the  period  of 
the  vibration  was  proportional  to  the  length  of 
the  conjugate  chain  reversed  (see  table,  p.  352). 

The  reversal  of  the  chain  is  shown  in  the 
following  structural  formulae  for  4 : 4'-tetra- 
methyldiaminobenzhydrol  (Michler’s  hydrol)  and 
4 : 4'-tetramethyldiaminobenzophenone  (Mich  ■ 
ler’s  ketone)  : — 

- (CH,)  (Cl  I A 

CCH  3 "^N  ecu  3 - 
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Name 

Molecular  formula 

Shade  of  dyeing 

Alizarin 

,CO\ 

CsH/  >CeH2(0H), 

^co/ 

Red  (on  alum) 

Alizarin  Bordeaux 

U0\ 

(OH),CeH,<  >CeH,(OH), 

\co/ 

Bordeaux  (on  alum) 

Alizarin  Cyanine 

.CO\ 

(OH),CeH,<(  >CeH(0H)3 

\co/ 

Violet  (on  alum) 

Fluorescein 

Yellow 

\/\cA/ 

C^H  / \0 
'CO' 

Gallein 

HO  n OH 

HO^Y 

Violet  to  blue  (accord- 

ing  to  mordant) 

C6h/*^\o 

\CO/ 

Aniline  Yellow  . 

CeH^— N=N— CeH^NH^ 

Yellow 

Chrysoidine 

CgH^— N=N— CeH3(NH2)2 

Orange 

Azoorseilline 

CgH^— N=N— CioH5(S03H)OH 
i 

Brownish-red 

CgH^— N=N— CioH5(S03H)OH 

Congo  Violet 

Congo  Red 

ditto  (isomeric) 

CgH^— N=N— CioH5(S03H)NH2 

Violet 

Red 

Naphthocyanine 

CeH^— N=N— CioH5(S03H)NH2 

CgH^— N=N— CioH4(S03H)(OH)2 

Blue 

CeH4-N=N-C4oH4(S03H)(OH)2 

Diamine  Black,  B 

CgH^— N=N— CioH4(S03H)(OH)(NH2) 

C6H4— N=N— CioH4(S03H)(OH)NH2 

Black 

Diamine  Blue,  BB 

ditto  (isomeric) 

Blue 

Brasilein  . 

II  r ^ 

<~> 

OH  11 

0 

ho^Y^Yh^ 

Red 

Hsematein 

Blue 

11  r ^ 

/ \ 

\ A 

OH  11 

0 

1 
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Length  of 
'Conjugate  chain 
reversed  during 
tautomerism 

Wave-length  of  absorption 
band 

4 : 4'-Tetramethyldiaminobenzhydrol 

^ ratio  = 1 *6 

ration  1*65 

4 : 4'-Tetramethyldiaminobenzophenone 

3 

3680 

4 : 4'-Diaminobenzhydrol 

- ratio  = l*6 

ratio =1*65  * 

4 : 4'-Diaminobenzophenone 

3 

3414 

Quercetin  reduction  product 

- ratio=l*6 

ratio=l*65 

Quercetin 

3 

3690 

Morin  reduction  product 

^ rail"  o ^ — -I'd 

ratio  — 1*54(?) 

Morin 

3 

3800(?) 

Apigenin  reduction  product 

- ratio=l'6 

ratio -1*67 

Apigenin 

3 

3410 

Pyronine  G 

- ratio=l*3 

3 

ratio =1*41 

3 *6  •Tetramethyldiaminoxanthone 

3861 

3 'Hydroxyfluorone 

^ ratio=l*3 

3 

ratio— 1*32 

3 '6 'Dibydroxyanthone 

3810 

Effect  of  Multiplication  of  Auxocheomes 
ON  Depth  of  Colour. 

Additional  auxochromes  frequently  deepen 
the  colour  to  a very  great  extent.  This  may  be 
regarded  as  an  example  of  Nietzki’s  rule,  but 
the  effect  produced  is  generally  much  greater 
than  we  should  expect  from  the  very  moderate 
weight  of  the  additional  auxochromes,  e.g.  from 
the  first  table  given  in  the  paragraph  on 
Nietzki’s  rule,  it  will  be  observed  that  two 
hydroxyl  groups  added  to  fluorescein  {pro- 
ducing gallein)  deepen  the  colour  much  more 
than  four  bromine  atoms  (producing  eosin), 
although  their  weight  is  much  less.  The  table 
on  page  351  illustrates  the  great  effect  of 
additional  auxochromes. 

The  relative  positions  of  the  auxochromes 
has  a very  great  effect  on  the  colour,  e.g.  there 
are  two  isomeric  hexahydroxyanthraquinones, 
anthracene  blue  WR  and  rufigallol,  one  of 
which  is  blue  and  the  other  brown. 

From  a study  of  the  polyhydroxyanthraquin- 
ones.  Meek  and  Watson  (Chem.  Soc.  Trans.  1916, 
109,  557,  et  seq.)  suggested  the  following  rules 
as  to  the  influence  on  the  colour  of  the  relative 
positions  of  the  auxochromes  ; — 

(а)  Two  hydroxyl  groups  in  one  benzene 
nucleus  in  the  o-  or  p-position  with  respect  to 
one  another  are  necessary  to  produce  a deep 
colour. 

(б)  The  colour  is  still  further  deepened  if 
both  benzene  nuclei  contain  pairs  of  hydroxyl 
groups  in  the  o-  or  p-position  to  one  another. 

(c)  Three  hydroxyl  groups  in  the  1:2:4- 
position  in  one  benzene  nucleus  produce  a 
deeper  colour  than  a pair  of  hydroxyl  groups  in 
the  o-  or  p-position. 

(cZ)  Three  hydroxyl  groups  in  the  1:2:3- 
position  in  one  benzene  nucleus  produce  a 
brown  colour. 

And  these  rules  are  apparently  applicable 
to  all  groups  of  dyes,  e.g.  : — 

(a)  The  hydroxy-  derivatives  of  azobenzene 
dissolve  in  potash  with  the  following  colours  : — 


p-Hydroxyazobenzene 
o-  Hydro  x y az  o benz  ene 
Benzeneazoresorcinol 
Benzeneazocatechol  . 
B enz  eneaz  o quinol 
B enz  eneaz  opy  r ogallol 


Yellow 

Yellow 

Orange 

Carmine 

Blue 

Brick-red 


(6)  Fluorescein,  quinolphthalein,  and  cate- 
cholphthalem  dissolve  in  potash  with  a yellow 
colour ; hydroxy  quinolphthalein  gives  a cherry- 
red,  gallein  a blue,  and  phloroglucinolphthalein 
an  orange  under  the  same  conditions. 

(c)  The  same  rules  are  seen  to  apply  to  the 
pyranol  dyes.  E.  R.  W. 

COLUMBIA  BLACK,  -BLUE,  -GREEN 

AZO-  COLOURING  MATTERS. 

COLUMBIA  YELLOW  v.  Primuline  and 

ITS  DERIVATIVES. 

COLUMBIC  ACID,  COLUMBAMINE,  and 
COLUMBIN  V.  Calumea. 

COLUMBITE.  A columbate  (niobate)  of 
iron,  usually  containing  some  manganese 
(‘  manganocolumbite  ’)  and  tantalum,  the  general 
formula  being  (Fe,Mn)(Cb,Ta)20g.  With  an 
increase  in  the  amount  of  tantalum,  there  is  a 
transition  to  the  isomorphous  species,  tantalite 
{q.v.).  The  orthorhombic  crystals  are  dark 
brown  or  black  and  opaque,  and  range  in  sp.gr. 
from  5 '3  (columbite)  to  7*3  (tantalite).  It  was 
in  this  mineral  that  C.  Hatchett  discovered, 
in  1802,  the  element  columbium,  so  named 
because  the  specimen  he  examined  came  from 
America.  Columbite  is  usually  found  as  single 
crystals  embedded  in  pegmatite  or  granite ; 
for  example,  at  Haddam  and  Middletown  in 
Connecticut,  Chesterfield  in  Massachusetts, 
brilliant  crystals  in  granite  at  Standish  in 
Maine,  large  masses  up  to  2000  lbs.  in  granite 
veins  in  the  Black  Hills  of  South  Dakota,  and  at 
several  other  American  localities.  At  Ivigtut 
in  Greenland  it  has  been  found  in  the  cryohte- 
deposit.  Large  crystals  are  found  in  the  felspar 
quarries  near  Moss  in  Norway.  Other  localities 
are  Rabenstein  in  Bavaria,  Bushman  Land  in 
South  Africa,  Madagascar,  &c.  L.  J.  S. 
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COLUMBIUM  {Niobium).  Sym,  Cb.  At.  wt. 
931  (Smith  and  van  Haagen).  Although  this 
metal  is  still  commonly  termed  niobium  by  the 
mineralogist  and  the  metallurgist,  the  name 
columbium,  which  was  given  to  it  in  1802  by 
Hatchett,  who  first  isolated  it  in  the  form  of  a 
new  ‘ earth  ’ (CbaOg)  from  a mineral  found  in 
Connecticut,  has  been  officially  adopted  by  the 
chemist  in  Enghsh-speaking  countries,  and 
generally  throughout  the  world,  except  perhaps 
in  Germany. 

Columbium  is  a member  of  a group  of  com- 
paratively rare  metals,  including  tantalum, 
tungsten,  molybdenum,  titanium,  and  uranium, 
commonly  occurring  together  in  minerals  found 
in  the  oldest  Plutonic  rocks  and  especially  in  and 
around  intrusions  which  traverse  pegmatites 
and  other  extremely  coarse-grained  granite 
rocks.  Monazite,  and  other  minerals  con- 
taining metals  of  the  cerium  group,  zircons, 
cryolite,  and  fluorspar,  and  minerals  con- 
taining lithium,  caesium,  and  rubidium,  are 
often  associated  with  these  minerals,  and 
are  probably  intimately  connected  with  their 
genesis. 

Although  an  extremely  rare  metal,  colum- 
bium exists  as  the  pentoxide  in  a considerable 
number  of  minerals,  in  some  of  which — such  as 
pyrochlore  and  columbite — it  may  be  regarded 
as  the  essential  constituent,  while,  in  others, 
although  practically  always  present,  its  propor- 
tion varies  from  a mere  trace  up  to  an  amount 
which  justifies  its  being  considered  as  the 
principal  oxide. 

Columbium  occurs  in  minerals  only  as  the 
pentoxide  CbaOs,  in  combination  with  a base, 
the  columbium  in  the  few  minerals  (such  as 
wohlerite)  which  contain  silica,  being  present  as 
a silico-columbate,  and  never  as  a silicate  of 
columbium. 

A list  of  thirty  or  forty  minerals  in  which 
columbium  is  commonly  found  in  association 
with  tantalum  might  be  given,  but  the  principal 
will  be  given  in  the  article  Tantalum,  with 
which  metal  columbium  invariably  occurs  in 
nature.  From  the  technical  point  of  view,  the 
principal  columbium  minerals  are  those  which 
consist  essentially  of  columbates  of  iron,  man- 
ganese, and  lime,  zirconia  and  metals  of  the 
cerium  group  being  also  usually  present  in,  or 
at  any  rate  intimately  associated  with,  such 
minerals  as  contain  lime. 

The  mineral  richest  in  columbium  is  pyro- 
chlore,  a columbate  of  lime  containing  titanium, 
cerium,  and  thorium,  together  with  other  alka- 
line earths  and  alkali  bases  and  some  fluorine. 
The  most  important  mineral,  however,  is  the 
columbate  of  iron  and  manganese  known  as 
columbite  or  niobite,  in  which  the  Cb205  may 
even  exceed  78  p.c.,  a condition  nearly  reached 
by  certain  specimens  occurring  in  the  cryolite 
of  Arsukfiord  (Greenland). 

The  columbium  is  always  partly  replaced  by 
tantalum,  the  proportion  of  which  may  vary  from 
a trace  through  all  gradations,  until  the  mineral 
merges  into  tantalite  which  is  isomorphou^’  with 
columbite,  and  which  occurs  in  much  larger 
quantity  and  furnishes  the  bulk  of  the  tantalum 
of  commerce  and,  as  a by-product,  of  the 
columbium.  These  two  minerals  are  found  in 
alluvial  deposits  with  cassiterite  and  wolfram, 
and  in  isolated  masses  left  by  the  denudation  of 
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intrusions  in  pegmatites,  &c.,  at  Greenbushes 
and  elsewhere  in  Western  Australia,  in  Colorado 
(Canon  City),  Dakota  (Black  Hills),  North 
Carolina  and  other  districts  of  the  United  States, 
and  in  Sweden,  Norway,  Greenland,  Madagascar, 
Bhodesia,  and  many  other  districts.  They  may 
be  considered  to  possess  the  general  formula 
(FeMn)0(CbTa)20-,  the  relative  proportions  of 
ferrous  and  manganous  oxides  varying  within 
extremely  wide  limits. 

New  deposits  are  constantly  being  dis- 
covered, and  columbium,  like  many  others  of 
the  rare  metals  for  which  a demand  now  exists, 
will  doubtless  be  found  to  occur  in  much  larger 
quantities  than  is  generally  believed. 

Amounts,  far  in  excess  of  present  require- 
ments, are  obtainable  as  by-products  from  the 
preparation  of  the  rare  earths  employed  for 
incandescent  mantles,  from  tin  and  wolfram 
ores,  and  from  the  heavy  waste  material  obtained 
in  the  dressing  of  cryolite. 

Metallic  columbium  may  be  prepared  by 
passing  a mixture  of  the  vapour  of  the  penta- 
chloride  and  hydrogen  through  a red-hot  tube 
(Boscoe) ; by  electrolysis  of  the  oxyfluoride  ; 
in  a less  pure  condition,  by  heating  the  pentoxide 
with  carbon  in  the  electric  furnace  (Moissan)  ; 
by  the  alumino-thermic  process,  and  by  the 
method  of  von  Bolton,  introduced  with  a view 
to  the  manufacture  of  metal  filament  lamps, 
before  tantalum  came  into  use.  In  this  pro- 
cess, the  pentoxide  is  mixed  with  paraffin 
and  formed  into  threads  which  are  heated  in 
vacuo  to  a temperature  of  over  1900”  by  passage 
of  an  electric  current. 

Bv  the  alumino-thermic  reaction,  von  Bolton 
has  obtained  columbium  containing  about  3 p.c. 
of  aluminium  which  can  be  driven  off  with  other 
impurities  by  prolonged  heating  in  vacuo  in  the 
electric  furnace.  The  purest  columbium  hitherto 
prepared  in  bulk  is  said  to  have  been  thus  ob- 
tained. Like  tantalum,  it  can  also  be  obtained 
by  reduction  of  the  fluoride  K2CbF7  with  potas- 
sium, as  a black  powder  from  which  the  residual 
hydrogen  may  be  expelled  by  shaping  it  into 
small  cylinders  and  melting  in  vacuo  in  an 
electric  furnace. 

Although  the  most  important  use  of  tantalum 
is  for  manufacture  of  electric  lamps,  in  which 
case  it  requires  to  be  separated  from  columbium, 
the  amount  actually  consumed  for  the  purpose 
is  extremely  small.  The  standard  tantalum 
lamp,  introduced  in  1904,  contained  only  one 
twenty-thousandth  of  a pound  of  tantalum, 
and  those  now  manufactured  contain  much 
less. 

The  method  employed  for  the  separation  of 
columbium  from  tantalum  in  the  preparation  of 
the  latter  element  for  electric  lamp  filaments 
probably  depends  essentially  upon  a fractional 
crystallisation  of  the  mixed  double  fluorides  of 
potassium  with  tantalum,  columbium,  and 
titanium. 

Metallic  columbium  melts  at  1950°,  and  has 
a sp.gr.  of  12 ’7,  and  an  electrical  resistamce  of 
04870  ohm  for  a wire  1 metre  long  by  1 mm, 
diameter.  It  is  less  malleable  or  ductile  than 
tantalum,  but  the  rolled  metal  has  a hardness 
greater  than  that  of  wrought  iron,  and  may  be 
welded  at  a red  heat. 

Although  the  powdered  metal  oxidises 
rapidly  when  heated  in  air,  the  rolled  or  cast 
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metal  is  but  little  affected,  as  a protective 
coating  of  oxide  rapidly  forms.  It  is  practi- 
cally unaffected  by  an  acid  except  hydro- 
fluoric acid,  or  by  solution  of  the  alkalis,  but  is 
rapidly  attacked  by  fused  alkalis  or  alkaline 
nitrates. 

It  combines  with  carbon  when  heated,  and 
at  dull  redness  rapidly  absorbs  hydrogen  or 
nitrogen  and  becomes  brittle,  the  hydride  and 
nitride  respectively  being  apparently  formed. 

It  reacts  violently  when  heated  with  sulphur 
or  selenium,  and  forms  the  volatile  penta- 
chloride  when  heated  to  redness  in  chlorine. 

It  does  not  form  an  amalgam  with  mercury, 
but  alloys  with  many  other  metals  and  in  all 
proportions  with  iron. 

The  compounds  of  dolumbium  have  not  yet 
been  applied  commercially,  but  the  pentoxide, 
generally  known  as  columbic  acid,  and  the 
fluorides,  especially  the  double  fluoride  with 
potassium  2KF  CbFg  are  of  interest  in  con- 
nection with  the  preparation  of  the  pure  com- 
pounds or  metal  from  minerals. 

For  methods  of  analysing  columbites  and 
tantalites,  and  of  estimating  columbium  in 
presence  of  tantalum,  see  G.  Chesneau  (Compt. 
rend.  1909,  149,  1132  ; J.  Soc.  Chem.  Ind. 
1910,  29,  93),  J.  Moir  (J.  Chem.  Met.  and  Min. 
Soc.  S.  Africa,  1916,  16,  189  ; J.  Soc.  Chem. 
Ind.  1916,  35,  637),  Giles  (Chem.  News,  1900, 
99,  1),  Simjjson  (Chem.  News,  1909,  99,  243), 
Metzger  and  Taylor  (Zeitsch.  anorg.  Chem. 
1909,  62,  383),  Weiss  and  Landecker  (Zeitsch. 
anorg.  Chem.  1909,  64,  65),  cf.  Foote  and 
Langley  (Amer.  J.  Sci.  1910,  [iv.]  30,  401),  cf. 
Hauser  and  Lewite  (Zeitsch.  angew.  Chem.  1912, 
25,  100),  Meimberg  (Zeitsch.  angew.  Chem. 
1913,  26,  83),  Meimberg  and  Wintzer  (Zeitsch. 
angew.  Chem.  1913,  26,  157),  Levig  (Analyst, 
1915,  40,  204). 

For  a method  of  estimating  columbium  and 
tantalum  based  on  the  difference  between  the 
densities  of  the  oxides  of  columbium  (4 ’552) 
and  tantalum  (8 ’7 16),  see  Foote  and  Langley 
(Amer.  J.  Sci.  1910,  [iv.]  30,  393),  see  also  Ruff 
and  Schiller  (Zeitsch.  anorg.  Chem.  1911,  72, 
329).  G.  T.  H. 

Compounds  of  Columbium. 

Columbium  dioxide  CbO  or  ChgOg,  formed 
by  heating  potassium  columbium  oxyfluoride 
with  sodium,  is  a white  powder,  which  burns 
when  heated  in  the  air,  forming  the  pentoxide. 
In  chlorine  it  ignites,  forming  the  oxychloride 
CbOCla.  Is  soluble  in  hydrochloric  acid  with 
evolution  of  hydrogen. 

Columbium  tetroxide  CbOg  or  Cb204,  a 
black. powder,  formed  by  heating  the  pentoxide 
in  hydrogen,  or  with  magnesium.  Burns  when 
heated  in  the  air  to  redness. 

Columbium  pentoxide  CbaOg,  a white  infusible 
powder  of  sp.gr.  4 •53-4  *568  (4-8  Balke  and 
Smith). 

Columbic  acid  HCbOg,  a white  powder 
formed  by  decomposing  the  oxychloride  or 
pentachloride  with  water.  Slightly  soluble  in 
hot  hydrochloric  acid.  Yields  the  pentoxide 
when  strongly  heated.  Potassium  Tiexacolumhate 
K8Cbj049,6H20,  formed  by  fusing  the  pentoxide 
with  potassium  carbonate.  Large  monoclinic 
crystals,  efflorescing  on  exposure  to  dry  air. 


OtherpotassiumcolumbatesareKgCb40i3,13H20; 
2K2Cb40n,llH20 ; K4Cb207,llH20.  Sodium 
columbate  7Na20,6Cb205,32H20  (Bedford,  J. 
Amer.  Chem.  Soc.  1904,  26,  1235) ; Sodium 
metacolumbate  Na20,Cb2()5,7Il20  (Balke  and 
Smith,  J.  Amer.  Chem.  Soc.  1908,  30,  1637). 
For  the  composition  of  other  columbates,  see 
Balke  and  Smith  {l.c.). 

Percolumbic  acid  HCb04,  an  amorphous 
yellow  powder,  obtained  by  treating  columbic 
acid  with  hydrogen  peroxide.  Is  decomposed 
on  warming  with  sulphuric  acid.  Potassium 
percolumbate  or  pyrocolumbate  K4Cb20ii,3H20, 
formed  by  mixing  hydrogen  peroxide  with  a 
solution  of  potassium  columbate  and  adding 
alcohol.  Decomposed  by  water.  Yields  hydro- 
gen peroxide  and  ozone  with  eoncentrated 
sulphuric  acid.  For  other  percolumbates,  see 
Balke  and  Smith  (lx.). 

For  the  hydrosols  of  columbic  acid^  see 
Hauser  and  Lewike  (Zeitsch.  angew.  Chem. 
1912,  25,  100). 

For  the  electrolytic  reduction  of  columbic 
acid  and  its  salts,  see  Ott  (Zeitsch.  Elektrochem. 
1912,  18,  349). 

When  columbic  acid  is  dissolved  in  con- 
centrated sulphuric  acid,  the  solution  diluted, 
and  then  reduced  with  zinc,  an  indigo-blue 
solution  is  obtained  which  reduces  a solution  of 
copper  sulphate  to  metallic  copper ; the  solu- 
tion is  thus  more  strongly  reducing  than  one 
containing  tervalent  titanium. 

Columbium  pentafluoride  CbFg,  colourless, 
strongly  refractive  monoclinic  prisms,  Di®3'293  ; 
m.p.  75’5°  (corr.) ; b.p.  217°-2207760  mm. 
(corr.).  Obtained  by  the  action  of  fluorine  on 
columbium.  Very  hygroscopic  ; readily  soluble 
in  water.  Solution  precipitates  columbic  acid 
on  addition  of  ammonia  or  sodium  hydroxide 
(Ruff  and  Schiller,  Ber.  1908,  42,  492). 

Columbium  oxyfluoride  CbOFg  forms  double 
salts  with  other  metallic  fluorides,  of  which 
the  alkaline  salts  have  been  investigated  by 
Marignac. 

Columbium  trichloride  CbClg,  a non-volatile, 
non-deliquescent  crystalline  substance  resemb- 
ling iodine,  forming  long  dichroic  needles. 
Oxidised  on  exposure  to  air,  and  yielding 
columbium  oxychloride  CbOClg,  and  carbon 
monoxide  when  heated  in  carbon  dioxide 
(Roscoe). 

Columbium  pentachloride  CbClg,  yellow 
needles,  obtained  by  heating  columbium  pent- 
oxide mixed  with  charcoal  in  a stream  of 
chlorine.  Also  formed  by  heating  the  pentoxide 
with  sulphur  monochloride  S2CI2 ; or,  together 
with  the  oxychloride,  by  heating  the  pentoxide 
with  carbon  tetrachloride ; m.p.  194° ; b.p. 
240'5° ; sp.gr.  2’73-2’77.  Gives  a normal 
vapour  density.  Soluble  in  carbon  tetra- 
chloride, chloroform,  and  alcohol.  Its  solution 
in  hydrochloric  acid  gelatinises,  and  on  addition 
of  water,  forms  columbic  acid.  On  reduction 
with  sodium  amalgam  gives  chlorocolumbium 
chloride  (Cb8Cl42)Cl2,7H20,  black,  shining  crys- 
tals, forming  an  olive-green  powder,  insoluble 
in  cold  water,  but  soluble  in  hot  water  to  an 
olive-green  solution.  Only  two  of  the  chlorine 
atoms  are  ionic.  When  treated  with  the  equiva- 
lent amount  of  sodium  hydroxide,  chlorocolum- 
bium hydroxide  (Cb8Cli2)(0H)2,8H20  is  formed 
as  a blaek  microcrystalline  precipitate,  and 
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from  this  the  bromide  (CbgCli2)Br2»'^H20  is 
obtained.  The  hydroxide  is  soluble  in  excess 
of  sodium  hydroxide,  and  from  the  solution 
excess  of  concentrated  hydrochloric  acid  pre- 
cipitates a brown  powder  C8Hi4,9H20  (Harned, 
J.  Amer.  Ghem.  Soc.  1913,  35,  1078). 

Reduction  of  a solution  of  columbium 
pentachloride  at  a platinum  cathode  gives  a 
blue  solution,  which  is  of  a colloidal  character; 
with  gold  chloride  it  gives  a magnificent  purple 
liquid,  from  which,  on  boiling,  a purple  precipi- 
tate deposits.  This  precipitate  is  similar  to 
purple  of  Cassius  ; it  colours  glass  a violet-red 
(Stabler,  Ber.  1914,  47,  841). 

Columbium  oxybromide  CbOBrg  and  penta- 
bromide  CbBrg  also  exist,  and  an  iodide  has 
been  formed  (Barr,  J.  Amer.  Chem.  Soc.  1908, 
30,  1668). 

Columbium  sulphides  CbS2  and  CbgSs, 
corresponding  to  the  oxides,  have  been  prepared 
(Biltz  and  Gonder,  Ber,  1907,  40,  49,  63). 

Columbium  oxysulphide  CbOSg,  a black 
crystalline  powder  formed  by  heating  the 
pentoxide  in  the  vapour  of  carbon  disulphide 
mixed  with  carbon  dioxide. 

Columbium  nitride  CbgNg.  A yellow  powder 
formed  by  heating  columbium  in  nitrogen 
(Moissan,  Compt.  rend.  1901,  133,  20 ; Muth- 
man,  Weiss  and  Reidelbauch,  Annalen,  1907, 
335,  58). 

The  spectrum  of  columbium  contains  thirty- 
one  more  or  less  complete  groups  of  five  lines 
showing  wave-number  differences  equal  to 
720 '25,  1027*02,  355*19,  and  303*29  respectively 
(c/.  Siegbahn  and  Freman,  Ann.  Physik. 
1916,  [iv.]  49,  611). 

For  arc  spectrum  of  columbium,  see 
Hildebrand  (J.  Amer.  Chem.  Soc.  1908,  30, 
1672). 

For  the  magnetic  resolution  of  the  spectrum 
lines  of  columbium,  see  Jack  (Proc.  Roy.  Irish 
Acad.  1912,  A,  30,  42). 

COLZA  OIL  V.  Rape  oil. 

COMENAMINIC  ACID  v.  Bone  oil. 

COMMON  CAMPHOR  v.  Camphors. 

CONCRETE  V.  Cement. 

CONDENSERS.  A condenser  is  an  ap- 
paratus in  which  the  vapour  of  a liquid  may  be 
cooled  down  to  a temperature  below  that  at 
which  it  is  converted  into  the  liquid  state  under 
the  prevailing  pressure.  The  condensation  of 
the  vapour  is  usually  effected  by  bringing  it  into 
contact  with  a cold  surface,  to  which  it  imparts 
its  heat,  suitable  arrangement  being  made  for 
conveying  away  this  heat  from  the  cooling 
surface.  Although  air  cooling  is  sometimes 
depended  upon  for  this  latter  purpose,  the 
arrangement  usually  adopted  consists  in  causing 
a stream  of  cold  liquid  (water  in  the  majority  of 
cases)  to  circulate  over  the  exterior  of  the  con- 
densing chamber.  The  following  points  should 
be  considered  in  the  designing  of  an  efficient 
condenser  : — 

{a)  The  cooling  surface  must  be  made  of 
material  upon  which  the  vapour  has  no  chemical 
action,  and  should  be  capable  of  withstanding 
repeated  variations  of  temperature  without 
fracture. 

(b)  The  area  of  cooling  surface  should  be  as 
great  as  possible,  without  making  the  apparatus 
unduly  large  and  heavy. 

(c)  The  material  should  preferably  have  a 


high  specific  heat,  so  that  its  rise  in  temperature 
may  be  kept  within  reasonable  limits  ; and  it 
should  have  a high  thermal  conductivity,  in 
order  that  the  heat  it  absorbs  may  be  rapidly 
carried  away. 

{d)  The  design  should  be  such  as  to  admit  of 
the  condenser  being  readily  cleansed. 

It  is  not  possible  to  obtain  materials  entirely 
satisfactory  in  each  of  the  above  respects,  and 
so  in  practice  the  materials  employed  are  those 
which  combine  cheapness  with  reasonable 
satisfaction  in  the  foregoing  particulars.  For 
laboratory  apparatus,  the  material  commonly 
used  is  glass  ; metals  (block  tin,  copper,  &c.) 
are  less  often  employed,  except  for  constructing 
fairly  large  pieces  of  apparatus  ; of  recent  years, 
silica  has  found  a limited  use. 

Condensers  are  used  in  two  different  kinds  of 
operations  : (1)  for  condensing  vapours  in  dis- 
tillation processes,  in  which  case  a still  is  attached 
to  the  upper  end  and  a suitable  receiver  to  the 
lower  end ; and  (2)  as  ‘ reflux  ’ apparatus  in 
cases  where  it  is  necessary  to  boil  a liquid  for 
some  time  without  sensible  loss  through  evapora- 
tion ; the  vessel  containing  the  boiling  liquid  is 
then  attached  to  the  lower  end  of  the  con- 
denser and  the  condensed  vapours  flow  back 
into  the  vessel.  A number  of  condensers 
described  below  are  specially  designed  for  this 
purpose. 

The  simplest  type  of  condenser  is  the  familiar 
form  devised  by  Weigel  in  1771,  but  usually 
known  as  Liebig’s  condenser.  It  consists 
simply  of  a straight  cylindrical  glass  tube,  in 
which  the  vapour  is  condensed.  The  upper  end 
is  widened  out  slightly  to  facilitate  connection 
with  the  still,  and  its  lower  end  is  cut  off 
obliquely ; a cylindrical  glass  jacket  is  slipped 
over  the  greater  portion  of  the  length  of  the  tube, 
and  through  it,  by  appropriate  entrance  and  exit 
tubes,  cold  water  is  circulated  in  an  upward 
direction,  so  that  the  vapours  passing  down  the 
inner  condenser  tube  encounter  a surface  the 
temperature  of  which  continuously  falls  in 
the  direction  of  the  receiver.  This  type  of  con- 
denser admits  of  considerable  variation  and 
modification  in  the  precise  details  of  construc- 
tion ; thus,  with  a view  to  exposing 
a large  cooling  surface,  the  portion 
of  the  condenser  within  the  jacket 
is  sometimes  made  of  approxi- 
mately rectangular  section,  thus 

CD’  being  broadened  consider- 
ably in  one  direction ; in  other 
condensers  the  central  portion 
carries  a series  of  bulbs  blown  on 
it.  Cooling  surface  is  obtained  in 
some  condensers  by  replacing  the 
central  portion  by  a closely  wound 
glass  spiral,  as  in  Fig.  1,  the  water- 
jacket  being  sealed  on  to  the 
condenser  proper.  The  modified 
Weigel  condenser,  shown  in  Fig.  2 
(Chem.  Zeit.  1902,  26,  633),  is 
arranged  for  use  with  the  two 
limbs  a and  c of  the  inner  U-tube 
on  the  same  level  to  prevent  accumulation  of 
liquid  at  b.  The  inner  tube  is  fused  into  the 
outer  tube  at  d. 

Glass  condensers  with  water-jackets  sealed 
on  are  restricted  in  their  use  to  the  condensation 
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of  the  vapours  of  liquids  of  fairly  low  boiling- 
point  (below  100°),  since  otherwise  the  glass 
joints  are  liable  to  crack.  For  liquids  of 
moderately  high  boiling-point  (140°-200°),  it 


usually  suffices  to  employ  merely  the  inner  tube 
of  a Weigel  (Liebig)  condenser  (air  condenser). 

In  the  reflux  condensers  illustrated  in  Figs. 
3 and  4 (J.  Soc.  Chem.  Ind.  1897,  16,  979)  the 
relative  positions  of  the  vapour  and  cooling 
stream  of  water  are  reversed,  the  water  entering 
as  shown  by  the  arrows  (at  a in  Fig  3).  A 
large  area  of  exposed  surface  is  obtained  in 
these  condensers,  which,  it  will  be  observed,  are 
of  the  ‘ double-surface  ’ type,  since,  in  addition 
to  the  inner  water-cooled  surface,  condensation 
also  occurs  on  the  outer  surface,  which  exposes  an 
even  larger  area  to  the  cooling  action  of  the  air. 

Several  vertical  condensers  have  been  de- 
vised by  Friedrichs  in  which  one  of  the  two 
surfaces  between  which  the  vapours  condense 
is  constructed  spirally  (Zeitsch.  angew.  Chem. 
1910,  23,  2425). 

A number  of  extremely  useful,  compact  con- 
densers of  the  ‘ double-surface  ’ type  have  been 
described.  The  vapours  are  condensed  in  the 
annular  space  between  two  surfaces,  both  of 


two  concentric  tubes  joined  together  at  the  top  ; 
condensation  is  effected  in  the  interior  chamber 
thus  formed.  Water  is  conveyed  into  the 
inner  tube  by  the  tube  a ; overflowing,  it  passes 
round  the  exterior  of  the  outer  tube  and  flows 
away  by  the  side  tube  h.  The  vapour  is  led  in 
through  the  inlet  tube  c. 

Another  double-surface  condenser  of  simple 
construction  is  illustrated  in  the  article  Analysis 
(Vol.  L). 

The  condensers  illustrated  in  Figs.  7 and  8 
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have  the  advantage  of  exposing  four  cooling 
surfaces  to  the  vapour,  and  may  be  readily 
cleansed  when  necessary  by  removing  the  inner 
portions  with  the  stopper  (Chem.  Zentr.  1908, 
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Fig.  3. 


Fig.  4. 


which  are  water-cooled,  the  design  being  such 
that  one  stream  of  water  flows  in  succession  over 
each  The  efficiency  of  this  cooling  process  is 
so  great  that  these  condensers  can  be  made 
quite  short ; they  are  readily  fixed  in  a vertical 
position  and  occupy  little  bench  space. 

In  the  Burgess  condenser  (J.  Soc.  Chem.  Ind. 
1905,  24,  1190),  the  tubes  a and  c (Fig.  5)  are  the 
cooling  jackets,  and  h is  the  condensing  tube 
proper.  Cribb’s  condenser  (Fig.  6)  consists  of 


ii.  277). 

An  inquiry  into  the  relative  efficiency  of 
laboratory  reflux  condensers  made  by  Dover 
and  Harden  (J.  Ind.  Eng.  Chem.  1916,  8,  834) 
showed  that  where  a long  condenser  can  be 
conveniently  used,  the  Weigel  is  preferable, 
whilst  the  Friedrichs,  or  some  modification  of  it, 
seems  best  where  a short  condenser  must  be 
used. 

The  condensers  so  far  described  are  usually 
constructed  of  glass,  but  occasionally  metals 
are  employed.  The  use  of  aluminium  for  the 
inner  tube  of  a Weigel  condenser  has  been 
advocated  by  Norton  (J.  Amer.  Chem.  Soc. 
1897,  19,  153).  Many  agricultural  chemists, 
who  have  to  deal  with  numerous  ammonia  dis- 
tillations, prefer  block-tin  condensers  ; they  are 
constructed  like  inverted  U -tubes,  one  arm  (the 
condenser  arm)  being  much  longer  than  the 
other  and  carrying  a water- jacket^  if  required, 
while  the  short  arm  is  attached  to  the  distilling 
flask.  A convenient  method  of  constructing  a 
number  of  such  condensers  in  series  to  be  cooled 
by  one  stream  of  water  is  described  in  J.  Amer. 
Chem.  Soc.  1906,  28,  999. 

A useful  metallic  condenser  is  the  ‘ ball  ’ 
type,  used  on  the  reflux  principle  in  numerous 
experiments  involving  extractions  with  volatile 
solvents.  Soxhlet’s  pattern  is  shown  in  Fig.  10, 
while  the  construction  of  a double-surface  con- 
denser of  this  pattern  is  sufficiently  indicated  in 
Fig.  9.  Storch’s  metallic  reflux  condenser  is‘ 
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depicted  and  described  in  J,  Soc.  Chem.  Ind. 
1897,  16,  979. 

The  spiral  (worm)  type  of  condenser  is  fre- 
quently constructed  of  metal  (copper)  and 
enclosed  in  a metal  tank  which  can  be  filled 
with  cold  water ; these  condensers  find  con- 
siderable use  in  small  plants  for  j)reparing  dis- 


Fig.  9.  Fig.  10. 

tilled  water.  For  this  latter  purpose,  a novel 
form  of  condenser  is  described  in  Eng.  Pat. 
6916,  1905,  which  combines  efficiency  with 
extreme  simplicity  of  construction.  The  con- 
denser, which  is  placed  vertically  above  the 
evaporating  chamber,  consists  of  two  metallic 
truncated  cones,  the  lower  being  open  at  the 
top,  while  the  upper  is  closed  by  a dome -shaped 
lid.  The  outer  surface  of  the  upper  cone  is 
cooled  by  a continuous  stream  of  cold  water, 
and  condensation  is  effected  upon  its  inner 
surface.  The  condensed  vapour  collects  in  the 
aimular  space  between  the  two  cones,  and  the 
water  is  continuously  run  off  into  large  earthen- 
ware jars.  Special  apparatus,  devised  for 
preparing  pure  distilled  water  (so-called  ‘ con- 
ductivity water  ’)  on  a laboratory  scale  are 
described  by  Bousfield  (Chem.  Soc.  Trans.  1905, 
87,  740)  ; Golding  (J.  Soc.  Chem.  Ind.  1906,  25, 
678),  and  by  Hartley,  Campbell,  and  Poole 
(Chem.  Soc.  Trans.  1908,  93,  428). 

Condensers  of  various  designs  are  described 
in  J.  pr.  Chem.  [2]  34,  427  ; [2]  49,  44  ; Compt. 
rend.  118,  478;  Ber.  1892,  24,  3950;  1895,  28, 
2388  ; J.  Soc.  Chem.  Ind.  1899,  18,  707  ; Chem. 
Zeit.  1902,  26,  325  ; 1904,  28,  598,  686  ; 1905,  29, 
809  ; 1910,  34,  116  ; BuU.  Soc.  chim.  1904,  31, 
1116;  Chem.  Zentr.  1906,  ii.  993  ; and  reflux 
condensers  in  Chem.  Zeit.  1896,  20,  462  ; 1904, 
28,  598  ; Bull.  Soc.  chim.  1901,  25,  476  ; 1908, 
3,  855 ; Zeitsch.  anal.  Chem.  1901,  40,  769 ; 
Chem.  Zentr.  1906,  ii.  993  ; Chem.  News,  1907, 
95,  52  ; and  J.  Soc.  Chem.  Ind.  1908,  27,  962. 

CONDURANGO,  The  dried  bark  of  Mars- 
denia  condurango  (Nichols)  {Gonolohus  Con- 
durango  triana,  Reichenbach ; family  A sole- 
piadacece).  It  is  obtained  from  a half-climbing 
or  prostrate  shrub  of  Ecuador.  The  bark  comes 
into  commerce  in  quills  or  quilled  pieces,  about 
10  cm.  long,  and  rarely  exceeding  2 cm.  in 
diameter ; externally  brown  grey,  roughened, 
with  scale  like  warts  ; internally,  greyish  or  pale 
brownish-white,  striate  ; fracture  short,  granular 
or  slightly  fibrous  in  inner  layer.  Taste,  some- 
what bitter  ; odour  of  fresh  bark,  aromatic. 

Kubler  (Arch.  Pharm.  1908,  246,  620)  states 
that  the  principal  constituents  of  the  bark  are 
dextrose,  other  usual  components  of  plants,  the 
glucoside  condurangin  and  a polyhydric  alcohol 
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conduritol.  Coridurangin  C4oHeoOi6  contains 
two  methoxyl  groups,  is  soluble  in  water,  alcohol, 
and  cldoroform,  insoluble  in  ether.  Dilute  sul- 
phuric acid  hydrolyses  it  to  dextrose  and  an 
amorphous  powder,  containing  several  sub- 
stances ; alcoholic  potash  yields  some  cinnamic 
acid.  Conduritol  C6H40O4  crystallises  from 
hot  alcohol  in  colourless  prisms,  and  yields  a 
tribenzoyl  derivative,  m.p.  142°-143°.  According 
to  Carrara  (Gazz.  chim.  ital.  21,  i.  204  ; 22,  i. 
236),  commercial  condurangin  can  be  separated 
into  two  parts,  one  insoluble  and  the  other 
soluble  in  water.  The  former  is  a white  powder, 
C20H32O6,  m.p.  60°-6U;  and  the  latter  a 
yellow  substance,  CisHasOy,  m.p.  134°.  Hager 
(Handbook,  1900)  has  further  investigated  these 
substances  and  named  them  a-  and  6-con- 
durangin ; a-condurangin  gives  a green  colour 
with  Froehde’s  reagent  (cone,  sulphuric  acid  and 
molybdic  acid),  6 -condurangin  does  not.  Car- 
rara {lx.)  also  isolated  a yellow  powder,  C30H50O2, 
which  he  named  conduransterin,  m.p.  52°. 
Fliickiger  has  isolated  a small  quantity  of  an 
alkaloid  having  a strychnine-like  action.  Firbas 
(Pharm.  J.  70,  417)  treats  the  chloroform 
extract  of  the  crude  glucoside  with  a mixture 
of  equal  volumes  of  sulphuric  acid,  hydrochloric 
acid,  and  alcohol  (Lafon’s  reaction).  On  warm- 
ing, a green  colour  is  produced,  changing  to 
bluish-green  on  the  addition  of  a trace  of 
ferric  chloride.  Certain  other  glucosides  give 
this  reaction,  but  they  are  not  likely  to  be 
present  in  the  bark. 

Condurango  has  been  employed  for  many 
years  in  South  America  ae  an  alterative  in  the 
treatment  of  syphilis.  It  is  used  as  a stomachic, 
and  lessens  gastric  catarrh  and  relieves  the 
vomiting  and  nausea  which  are  usually  associ- 
ated with  carcinoma  of  the  stomach  ; it  is  also 
used  to  lessen  the  pain  consequent  upon  gastric 
ailments.  Condurango  produces  in  large 
amounts  incoordination  of  the  muscles  and 
convulsions,  which  may  bo  followed  by  para- 
lysis. Dose,  1 fluid  drachm  of  the  fluid  extract 
of  condurango,  or  4 fluid  drachms  of  the  wine  of 
condurango. 

There  are  many  other  varieties  of  con- 
durango and  marodenias.  The  Guayaquil  con- 
durango has  several  peculiarities  in  the  wood  of 
the  bark,  and  has  not  so  many  medullary  rays. 
Mexican  condurangos  contain  a strong  collen- 
chyma  next  to  the  bark,  while  nearer  the  pith 
is  a layer  of  bast  fibres  containing  large  crystals 
of  calcium  oxalate  (Chem.  Zeit.  11,  1601  ; 12, 
26). 

CONDY’S  FLUID  v.  Manganese. 

CONESSINE  or  WRIGHTINE  C24H40N2 
exists  in  the  bark  and  seeds  (0'6  p.c.)  of  Wrightia 
antidysenterica  and  in  Holarrhena  africana 
(A.  DC.),  H.  congolensis  (Stapf.),  and  H.  anti- 
dysenterica (Wall.).  Crystals,  m.p.  122°  (Pols- 
torff,  Ber.  1886,  19,  78,  1682  ; Warnecke,  ibid. 
1886,  19,  60;  Arch.  Pharm.  1888,  [iii.]  26, 
248,  281  ; Pyman,  Chem.  Soc.  Trans.  1919, 
163  ; Giemsa  and  Halberkann,  Arch.  Pharm. 
1918,  256,  201  ; Ulrici,  Arch.  Pharm.  1918,  256, 
57).  Soluble  in  acetone,  from  which  it  separates 
in  large  colourless  plates,  efflorescing  in  air ; 
m.p.  125°  (corr.)  [a] — 1'90°. 

CONGO  BLUE,  -BROWNS,  -CORINTH, 
-FAST  BLUE,  -ORANGE,  -REDS,  -RUBINE, 
-SKY  BLUE  V.  Azo-  coloueing  matteks. 
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CONHYDRI^nIE. 


CONHYDRINE  {Oonydrine),  Coniceine.  See 
under  Coniine,  below. 

CONIFERIN  V.  Glucosides. 

CONIINE  AND  THE  ALKALOIDS  OF  HEM- 
LOCK. 

Coniine  CsHi7N  is  one  of  several  poisonous, 
volatile  alkaloids  found  in  hemlock,  Gonium 
inaculatum  (Linn.)  (0'2-0‘9  p.c.  in  the  not  quite 
ripe  seeds).  Hemlock  {Grande  cigue,  Er,  ; 
Schierling,  Ger.)  is  a tall  biennial  of  the  temperate 
regions  of  Europe,  Asia,  and  America,  and  was 
the  essential  ingredient  in  the  potion  admini- 
stered to  condemned  criminals  by  the  Greeks. 
Besides  coniine,  hemlock  contains  N-methyl-d- 
coniine,  ^-methyl-l-coniine,  -y -coniceine,  conhy- 
drine, and  'pseudoconhydrine. 

Preparation. — Coniine  is  most  readily  sepa- 
rated from  the  crushed,  unripe  hemlock  seeds 
by  digesting  them  with  water  made  alkaline 
with  sodium  carbonate,  to  decompose  the  coniine 
malate,  and  distilling  the  mixture  in  a current  of 
superheated  steam.  The  distillate  contains  the 
coniine,  together  with  much  ammonia  derived 
from  the  ammonium  salts  present  in  the  seeds. 
The  liquid  is  neutralised  with  hydrochloric  acid 
and  evaporated  to  dryness.  The  dry  residue  is 
extracted  with  absolute  alcohol,  when  most  of 
the  ammonium  chloride  remains  undissolved, 
whilst  the  alkaloidal  hydrochlorides  go  into 
solution.  If  ether  is  added  to  the  alcoholic 
solution  a further  quantity  of  ammonium 
chloride  is  separated.  The  residue  left  by  the 
evaporation  of  the  alcoholic  solution  is  dissolved 
in  cold  water,  ether  added,  and  the  coniine 
liberated  by  the  addition  of  potash.  The 
ethereal  layer  is  decanted,  washed,  dried  with 
potassium  carbonate  and  distilled  at  a low 
temperature,  when  the  coniine  remains  as  an 
oily  liquid.  It  may  be  purified  from  the 
accompanying  conhydrine  by  fractional  dis- 
tillation ; the  coniine  passes  over  first.  So  pre- 
pared the  coniine  contains  7-coniceine  from 
which  it  may  be  freed  by  conversion  into  the 
hydrochlorides  and  extracting  these  when  dry 
with  acetone,  in  which  the  7-coniceine  salt  is 
soluble  and  the  coniine  salt  insoluble.  For 
the  separation  of  the  subsidiary  alkaloids  by 
benzoylation,  see  von  Braun  (Ber.  1905,  38, 
3108). 

Properties. — Colourless,  alkaline  liquid,  hav- 
ing a remarkable,  penetrating  odour  and  a 
burning  taste ; b.p.  166°-167°,  m.p.  —2°  ; rel. 
den.  0*8626  at0°,  dextrorotatory  [a]p=  + 13*79°. 

Coniine  is  slightly  soluble  in  cold  water,  but 
less  so  in  hot  water,  so  that  a clear,  cold  solution 
becomes  turbid  when  warmed.  It  dissolves 
about  one -quarter  of  its  own  volume  of  water 
at  the  ordinary  temperature.  When  boiled 
with  water  th6  alkaloid  distils  with  the  steam. 
Coniine  mixes  with  alcohol  in  all  proportions, 
and  is  also  readily  soluble  in  ether,  but  only 
sparingly  so  in  chloroform  or  carbon  disulphide. 
Exposed  in  the  air  it  darkens  and  slowly  resini- 
fies.  When  administered  internally  coniine  acts 
as  a powerful  poison.  It  is  a mopacidic  base. 
The  ordinary  salts  are  crystalline  and  soluble  in 
water  or  alcohol.  The  hydrochloride  B*HC1 
forms  rhombic  crystals  and  melts  at  220°.  The 
aurichloride  B*HAuCl4,  m.p.  77°,  forms  minute 
yellow  needles. 

Eeactio7is. — Coniine  is  a strong  base,  which 


precipitates  many  metallic  hydroxides  from 
solutions  of  their  salts. 

It  is  a secondary  amine.  When  oxidised 
with  nitric  acid  it  yields  normal  butyric  acid 
among  other  products.  When  permanganate 
is  used  a-pyridinecarboxylic  acid  {picolinic  acid) 
is  obtained.  On  distillation  with  zinc-dust 
coniine  is  decomposed  into  hydrogen  and  a-n- 
propylpyridine. 

Ladenburg  has  inferred  from  these  and  other 
reactions  that  coniine  is  a-propylpiperidine  and 
has  confirmed  this  by  effecting  the  synthesis 
of  the  alkaloid  by  hydrogenating  (with  sodium 
in  alcoholic  solution)  o-allylpyridine 

C5H4N(C3H,)  + 8H  = C6HioN(C3H7) 

The  liquid  thus  produced  possesses  all  the 
chemical  and  physical  properties  of  the  natural 
alkaloid  except  one ; it  is  optically  inactive 
(Ber.  1886,  19,  2579  ; 1906,  29,  2486).  Laden- 
burg has  also  succeeded  in  resolving  the  inactive 
coniine  into  dextrorotatory  and  leevorotatory 
forms  and  has  shown  the  dextro  compound  to 
be  identical  with  the  natural  alkaloid.  This 
was  the  first  synthesis  of  a natural  alkaloid. 

The  toxicological  recognition  is  somewhat 
difficult ; in  particular  there  are  no  reactions 
distinguishing  it  sharply  from  nicotine.  Auric 
and  platinic  chlorides  do  not  precipitate  a 
1 p.c.  aqueous  coniine  solution,  but  do  precipitate 
nicotine  at  much  greater  dilution.  A trace  of 
coniine  evaporated  in  a desiccator  with  a drop 
of  hydrochloric  acid  readily  yields  a crystalline 
hydrochloride,  nicotine  does  not.  Differences 
in  odour,  density,  and  solubility  in  water  may 
3;lso  "b©  \is0(i 

N-Methyl-c?- coniine  C8Hie(CH3)N  is  stated  to 
occur  in  hemlock  {v.  Planta  and  Kekule,  Annalen, 
1854,  89,  150),  and  remains  with  7-coniceine 
when  this  is  separated  from  coniine  by  fractional 
crystallisation  of  the  acid  tartrates.  It  has  been 
synthesised  by  methjdating  coniine  with  potas- 
sium'" methyl  sulphate  (Wolffenstein,  Ber.  1894, 
27,  2611  ; cf.  Passon,  ibid.  1891,  24,  1678).  It 
is  a colourless,  oily  liquid,  b.p.  173°-174°,  closely 
resembling  coniine. 

N-Methyl-Z-coniine  was  obtained  by  Ahrens 
{ibid.  1902,  35,  1330)  from  residues  accumulated 
in  the  preparation  of  coniine. 

Coniceines.  This  name  has  been  applied  to 
a series  of  isomeric  bases,  CgHigN,  obtained 
in  various  ways  from  the  hemlock  alkaloids. 
Only  one  of  them  y-coniceine  (2-propyl-A'- 
tetrahydropyridine)  occurs  in  hemlock  and  was 
isolated  from  crude  coniine  obtained  therefrom 
by  Wolffenstein  (Ber.  1895,  28,  302) ; occasion- 
ally as  much  as  70  p.c.  of  the  crude  alkaloid  was 
7-coniceine.  This  base  was  first  prepared  by 
Hofmann  by  the  action  of  alkalis  on  bromo- 
coniine.  It  strongly  resembles  coniine  in  odour  and 
appearance,  boils  at  171°-172°  under  746  mm, 
pressure,  yields  crystalline  salts,  and  furnishes 
coniine  on  reduction.  It  has  the  constitution 
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Cf.  Hofmann,  Ber.  1885,  18,  16,  27,  112;  Lell- 
mann,  Annalen,  1 890,  259,  127 ; Loffler  and 
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colleagues,  Ber.  1909,  42,  94,  107,  116,  124, 
948,  3420 ; Gabriel,  ibid.  1909,  42,  4069. 

Conhydrine  CgHi  -ON,  also  found  in  hemlock, 
may  be  separated  from  coniine  with  which  it 
occurs  either  by  cooling  the  concentratec . 
ethereal  solution  of  the  two  alkaloids,  when  the 
conhydrine  crystallises  out;  or  it  may  be  ob- 
tained by  distilling  the  crude  coniine,  when  it 
remains  behind  in  the  retort,  if  the  temperature 
has  not  exceeded  180°. 

Conhydrine  is  a crystalline,  basic  sub- 
stance, m.p.  121°,  b.p.  226°,  [a]j^+10°.  On 

heating  with  phosphorus  pentoxide,  or  with 
concentrated  hydrochloric  acid,  it  furnishes  a 
mixture  of  a-  and  y8-coniceines  {see  above). 
According  to  Willstatter  it  is  2 : ;8-hydroxy- 
propylpiperidine  (Ber.  1901,  34,  3166 ; cf., 
however,  Loffler  and  Tschunke,  ibid.  1909, 
42,  929). 

Pseudoconhydrine  CgH^^ON,  which  is  also 
found  in  hemlock,  closely  resembles  conhydrine. 
It  is  a crystalline,  strongly  basic  substance, 
m.p.  105°-106°  ; b.p.  236°.  It  is  a secondary 
base  and  forms  crystalline  salts  (Ladenburg 
and  Adam,  Ber.  1891,  24,  1671).  Engler  and 
Baur  regard  it  as  2 : a-hydroxypropylpiperi- 
dine  {ibid.  1894,  27,  1777),  and  Loffler  has 
suggested  that  it  is  4-hydroxy-2-propylpiperi- 
dine  {ibid.  1909,  42,  116).  G.  B. 

CONIMA  RESIN,  CONIMENE  v.  Oleo-eesins. 

CONQUINAMINE  v.  Cinchona  Alkaloids. 

CONSTANTAN  Nickel. 

CONVALLAMARIN,  CONVALLARIA  v.  Digi- 
talis. 

CONVALLARIN  C34He20ii  (Walz),  CggH^oOio 
(Lindner).  A glucoside  contained  in  Convallaria 
majalis  (lily  of  the  valley).  On  heating  with 
dilute  sulphuric  acid  it  is  hydrolysed  to  a hexose 
and  convallardin  (C19H28O4  ?),  a crystalline 
substance  which  forms  a stable  monohydrate. 
It  contains  a benzene  ring,  but  is  free  from 
ethylenic  linkings,  ketonic,  and  methoxyl 
groups,  and  contains  two  hydroxyl  radicals; 
the  two  remaining  oxygen  atoms  appear  to 
constitute  part  of  a carboxy-ester  group  (Lind- 
ner, Monatsh.  1915,  36,  257).  Cf.  Digitalis. 

CONVICINE  i;.  Vicine. 

CONVOLVULIN  Gldcosides. 

COOMASSIE  NAVY  BLUE,  -WOOL  BLACKS, 

V.  AZO-  COLOUEING  MATTEES. 

COPAIBA  BALSAM  v.  Oleo  -EESINS. 

COPAIBA  OIL  V.  Oils,  Essential. 

COPAIVENE,  COPAIVI,  COPAIVIC  ACID  v. 
Oleo-eesins. 

COPAL  V.  Resins. 

COPAL  VARNISH  v.  Vaenish. 

COP  ALIN  V.  Resins, 

COPPER.  _ Sym.  Cu.  At.  wt.  63-57.  Melt- 
ing-point in  air,  1062°  ; in  reducing  atmosphere, 
1084°.  Specific  gravity  : Roberts  Austen  (Int. 
Study  of  Met.  1910,  15)  gives  8’217  as  the  sp.gr. 
of  the  molten  metal.  Copper,  deposited  by 
electrolysis  from  an  acid  solution  of  copper 
sulphate  and  not  subjected  to  any  mechanical 
treatment,  was  found  to  have  sp.gr.  of  8 '9544  at 
15*5°  in  air  (Watson,  J.  Soc.  Chem.  Ind.  2,  153). 

Commercial  copper,  prepared  in  the  usual 
way,  is  never  pure,  and  the  examination  of  the 
fractured  surface  of  a cast  ingot  of  copper  shows 
a minutely  vesicular  structure.  On  this 
account  the  density  of  such  metal  is  less  than 


the  same  sample  of  metal  after  it  has  been  sub- 
jected to  a compressing  mechanical  treatment, 
and  varies  from  8 '2  to  8-6 

Colour. — Copper  has  a characteristic  red 
colour  which,  in  a fractured  surface  of  worked 
metal,  may  be  described  as  salmon-red. 

Lustre. — A smooth  cut  or  polished  surface 
shows  a bright  metallic  lustre  which,  however, 
soon  tarnishes. 

Crystalline  system. — Copper  crystallises  in 
the  cubical  system. 

Ores  of  copper.  The  following  minerals  are 
those  from  which  copper  is  extracted  on  a com- 
mercial scale : native  copper,  cuprite,  mela- 
conite,  malachite,  azurite,  chrysocolla,  ataca- 
mite,  chalcocite,  bornite,  chalcopyrite,  fahl  ore. 

The  importance  of  the  several  species  in  the 
above  list  as  ores  of  copper  varies  very  much 
with  the  locality.  Thus,  while  native  copper  is 
the  chief  ore  in  the  Lake  Superior  district  of 
North  America,  and  atacamite  in  one  or  two 
localities  in  Chile,  they  would  in  other  localities, 
and  generally,  be  looked  upon  as  rather  rare, 
especially  so  in  the  case  of  the  last  species  men- 
tioned. So  also  in  the  case  of  malachite ; this 
species,  as  an  ore  of  copper,  is  seldom  met  with 
except  in  small  quantities  in  the  upper  and 
oxidised  portions  of  some  copper  lodes  ; yet  in 
the  case  of  the  once  celebrated  Burra  Burra 
mine  in  Australia,  and  at  Nischne-Tagilsk  in 
Russia,  it  formed  the  bulk  of  the  ore  produced, 
and  is  also  the  chief  ore  in  the  Tanganyika 
district,  Africa. 

Generally,  in  a copper-mining  district,  all  the 
oxidised  species  mentioned  above  occur  in 
varying  proportions,  but  as  depth  is  attained, 
and  almost  invariably  at  or  about  the  level 
at  which  water  is  reached,  the  copper-bearing 
minerals  change  and  the  oxidised  species  give 
place  to  the  richer  sulphide  species,  and  these 
finally  to  chalcopyrite  intimately  mixed  with 
varying  proportions  of  pyrite.  The  inter- 
mingling of  the  two  species  last  mentioned  is 
frequently  so  intimate  that  it  is  not  easy  to 
distinguish  the  component  minerals  or  to 
separate  them.  Chalcopyrite  thus  diluted  down, 
as  it  were,  with  one  or  more  of  the  minerals- — • 
Dyrite,  pyrotite,  &c. — forms  the  ore  from  which 
Le  greater  proportion  of  the  world’s  copper 
supply  is  derived  and  the  bulk  of  the  material 
created  at  the  smelting  works  generally.  Such 
ore  frequently  contains  appreciable  quantities  of 
gold  and  silver.  The  silver  is  frequently  carried 
by  intermixed  fahl  ore,  but  also,  in  many 
instances,  by  the  pyritic  mixture  in  which  dis- 
tinct silver- bearing  minerals  are  not  observable. 

As  by  far  the  larger  proportion  of  ore  pre- 
sented for  metallurgical  treatment  is  of  the 
nature  indicated  above,  viz,  chalcopyrite 
mixed  with  varjdng  quantities  of  the  pyrite 
‘amily  of  minerals,  it  will  best  serve  the  purjDOse 
of  this  article  if  the  methods  adopted  for  the 
extraction  of  copper  from  this  material  are 
irst  considered.  The  ores  treated  generally 
contain  only  small  percentages  of  copper, 
Tequently  not  more  than  1 p.c. 

The  elimination  of  the  several  elements  in 
the  ore  and  the  final  production  of  the  copper  in 
the  metallic  state,  are  effected  by  two  distinct 
series  of  chemical  operations.  One  of  these — 
the  most  important,  because  of  its  very  general 
application — treats  the  ore  by  smelting,  and 
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causes  the  necessary  reactions  to  take  place 
while  the  material  is  in  a molten  condition. 
The  other — of  limited  application — treats  the 
material  in  the  wet  condition,  and  causes  the 
necessary  reactions  to  take  place  in  solutions. 

These  two  distinctly  different  methods  of 
procedure  may  be  distinguished  as  {a)  dry 
methods,  and  (6)  wet  methods. 

Dry  methods.  The  object  which  the  smelter 
keeps  in  view  in  the  first  stages  of  the  processes 
is  to  concentrate  the  copper  contained  in  the 
ore  in  as  small  a quantity  of  material  as  may 
be  economical.  For  this  purpose,  the  product 
known  as  ‘ matte  ’ or  ‘ regulus  ’ is  universally 
selected.  This  consists  of  cuprous  sulphide 
CugS  and  iron  sulphide  FeS  in  varying  pro- 
portions, together  with  sulphides  of  certain 
other  metallic  elements.  The  whole  of  the 
copper  contained  in  the  ore  thus  passes  into  the 
matte,  while  the  silica  combines  with  iron  oxide 
and  earthy  bases,  if  present,  and  forms  the 
slag.  The  slag  separates  easily  from  the  matte, 
owing  to  its  lower  specific  gravity,  and  is  thrown 
away.  Having  thus  concentrated  the  copper 
into  regulus,  or  matte,  the  next  stage  of  the 
process  concerns  itself  with  the  decomposition 
of  this  matte  in  such  manner  as  to  eliminate 
the  iron  and  sulphur  and,  as  far  as  possible, 
other  metallic  elements  which  may  be  present 
and  to  yield  the  copper  in  the  metallic  state. 

The  final  process  consists  in  refining  the 
copper  produced  as  above ; or,  in  other  words, 
removing,  as  far  as  practicable,  the  small 
quantities  of  such  elements  as  may  still  be 
present  in  the  product  of  the  preceding  operation 
which  would  injuriously  affect  the  copper  for 
manufacturing  purposes. 

The  treatment  of  the  ore  involves,  therefore, 
three  distinct  operations  : — 

I.  Smelting  the  ore  with  the  production  of 
matte  and  slag. 

II.  Treatment  of  the  matte  for  the  pro- 
duction of  crude  copper. 

III.  Refining. 

The  methods  and  the  plant  used  for  carrying- 
out  each  of  the  three  operations  vary  con- 
siderably, and  the  choice  of  any  one  depends 
upon  local  conditions,  the  nature  of  the  ore 
as  regards  physical  character,  and  the  nature 
and  quantity  of  the  foreign  elements  present.  It 
will  not  be  possible  within  the  limits  of  this 
article  to  study  these  considerations  and  the 
bearing  they  may  have  on  the  methods  to  be 
adopted  ; all  that  the  space  will  allow  of  is  a 
description  of  the  methods  as  actually  carried 
out  under  the  most  generally  prevailing  con- 
ditions. 

I.  Smelting  the  ore  iviih  the  j)rodvction  of 
matte  and  slag. — The  object  of  this  process  being 
the  concentration  of  the  copper  in  the  matte, 
the  chief  considerations  kept  in  view  are  the 
production  of  a matte  as  rich  in  copper,  and 
a slag  as  poor  in  copper,  as  is  practically  and 
economically  possible. 

The  grade  of  the  matte  to  be  produced  having 
been  decided  upon,  the  smelter  regulates  this  by 
suitably  proportioning  the  sulphur  in  the  ore  to 
be  treated  so  that  there  shall  be  sufficient  to 
form  OU2S  with  all  the  copper,  and  a further 
proportion  to  form  FeS  with  the  iron  present  in 
such  quantity  as  will  cause  the  matte  to  contain 
the  desired  percentage  of  copper.  From  these 


considerations  it  will  be  seen  that  the  factor 
which  regulates  the  grade  of  the  matte  is  the 
quantity  of  sulphur  present  in  the  ore  mixture 
smelted.  With  the  class  of  ore  under  considera- 
tion, it  invariably  happens  that  the  quantity  of 
sulphur  present  is  considerably  in  excess  of 
requirements,  and  the  production  of  the  most 
suitable  grade  of  matte  necessitates  the  removal 
of  this  excess,  which  may  be  effected  before  the 
actual  smelting  of  the  ore  is  commenced.  Under 
certain  favourable  conditions,  however,  it  may 
be  removed  during  the  smelting  process  {see 
Pyritic  smelting).  This  preliminary  operation 
is  designated  ‘ calcining"’-  or  ‘ roasting.’ 

The  process  consists  in  subjecting  the  ore  to  * 
a dull-red  heat  under  oxidising  conditions,  so 
that  the  sulphur  is  caused  to  combine  with 
oxygen  derived  from  air  admitted  into  contact 
with  the  ore  with  the  production  of  sulphur 
dioxide,  while  the  iron  is  also  oxidised  at  the 
same  time. 

The  method  of  carrying  out  this  calcining 
process  depends  upon  whether  the  ore  is  to  be 
treated  : 

{a)  In  the  rough — say  in  pieces  from  f inch 
cube  upwards  ; or 

(6)  As  fines  or  ‘ eoncentrates,’  i.e.  in  which 
the  particles  are  finely  divided. 

Under  {a)  : The  ore  may  he  calcined  hy 
forming  heaps  of  it  in  the  open  air  and  starting 
the  combustion  by  means  of  a small  proportion 
of  wood,  the  combustion  being  maintained  by 
the  sulphur  present  in  the  ore. 

The  ore  may  also  he  calcined  in  stalls  more  or 
less  open.  These  eonsist  of  series  of  chambers 
in  rows  built  back  to  back.  The  chambers 
are  each  bounded  by  three  walls,  viz.  back  and 
two  side  walls,  but  are  open  in  front  and  have 
no  roofs.  Small  flues,  opening  out  into  the 
chambers,  are  built  in  the  walls  separating  them, 
and  these  flues  connect  with  a larger  flue  in 
the  central  division  wall  between  the  two 
rows,  and  these  again  connect  with  a chimney 
stack. 

The  ore  is  charged  into  these  open  chambers 
on  to  a layer  of  wood  ; when  filled  up,  the  wood 
is  fired  and  combustion  extends  to  the  ore  itself 
in  the  same  way  as  in  the  case  of  the  heaps. 
The  gases  produced  in  the  operation  are  to  a 
large  extent  led  away  by  the  flues  in  the  walls 
above  referred  to.  The  annoyance  caused  by 
the  escape  of  these  gases  at  or  near  the  ground 
level  of  the  works — as  is  the  case  in  open- 
heap  roasting — is  in  this  way  to  a large  extent 
avoided. 

The  ore  may  he  calcined  in  kilns. — These  are 
similar  to  the  stalls,  but  are  generally  built  of 
much  larger  size,  are  closed  in  on  all  four  sides, 
and  are  roofed  over.  They  are  provided  with 
suitable  openings  in  the  roof  through  which  the 
ore  is  introduced,  and  a doorway  in  the  front 
wall  (bricked  up  when  the  kiln  is  in  operation) 
through  which  the  calcined  ore  is  removed.  An 
outlet  flue,  connected  to  the  roof  or  back  wall, 
allows  the  gases  to  be  conveyed  to  a chimney. 

The  ore  may  he  calcined  in  ‘ burners.^ — These 
are  constructed  and  worked  on  very  much  the 
same  lines  as  the  ‘ burners  ’ used  for  burning 
‘ pyrites  ’ at  sulphuric  acid  works.  In  this 
plant,  a number  of  closed  cells  or  ‘ burners  ’ 
are  built  in  rows,  back  to  back.  Each  cell  is 
roofed  in  and  connects  at  the  back  with  a 
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central  flue  common  to  all  the  cells,  by  which 
the  gases  are  led  to  the  acid  chamhei*s.  In  the 
roof  of  each  cell  is  an  opening  through  which 
the  ore  can  be  charged  from  a hopper  placed 
above.  In  this  class  of  plant,  the  ore  does  not 
rest  on  the  floor  as  it  does  in  each  of  the  cases 
previously  considered,  but  upon  a series  of  square 
bars  suitably  spaced.  Below  these  bars  is 
an  enclosed  space  with  suitable  door  through 
which  the  calcined  ore  is  removed  and  by  means 
of  which  the  air  supply  is  regulated. 

In  operating  this  plant,  the  cell  having  been 
brought  up  to  a good  red  heat  by  the  com- 
bustion of  wood  or  other  suitable  fuel,  ore  in 
small  quantities  is  gradually  added  as  com- 
bustion proceeds,  until  the  burner  is  full.  At 
suitable  intervals,  a small  quantity  of  the 
calcined  ore  is  removed  from  the  bottom  of  the 


burner  and  a corresponding  fresh  supply  of  ore 
is  added  through  the  opening  in  the  roof.  In 
this  way,  the  operation  of  the  burner  is  rendered 
continuous,  and  no  fresh  extraneous  fuel  is 
required  after  the  first  starting  of  the  fire. 

In  all  the  methods  of  treatment  described 
under  (a),  it  is  essential  that  proper  care  be  taken 
to  prevent  the  temperature  reaching  anything 
like  melting-point.  If  the  ore  melts  or  sinters 
together,  calcination  is  delayed  owing  to  the 
reduced  surface  on  which  oxidation  can  take 
place.  Further,  in  the  case  of  such  sintered  or 
melted  material,  difficulties  are  created  in  work- 
ing the  process.  In  the  case  of  heap  roasting 
and  also  in  the  stalls  and  kilns,  the  formation  of 
large  masses  of  sintered  or  melted  ore  introduces 
undesirable  irregularities  in  the  air  current 
through  the  mass  of  ore  under  treatment,  and 


causes  trouble  when  the  ore  is  removed.  In  the* 
burners,  the  formation  of  sintered  masses  of  ore 
must  be  avoided,  as  such  masses  would  have  to 
be  broken  up  in  the  burner  with  suitable  tools 
before  it  could  be  made  to  pass  out  between  the 
grate  bars. 

Under  (h)  : The  ore  may  he  calcined  in  hand 
calciners  or  mechanical  calciners. — The  former 
are  not  much  used  at  the  present  time,  as  the 
necessary  labour  is  effectually  replaced  by 
mechanical  appliances.  The  hand  calciner, 
which  was  universally  used  some  years  ago, 
consisted  of  a long  flat  bedded  reverberatory 
furnace,  with  the  usual  fire  box  at  one  end  and 
the  outlet  flue  for  the  exit  of  the  gases  at  the 
opposite  end  (Figs.  1,  2,  and  3).  The  ore  was 
dropped  from  a hopper  through  an  opening 
in  the  roof  on  to  the  bed  at  the  flue  end  of  the 
furnace,  where  it  was  spread  out  by  means  of 


suitable  tools  worked  by  men  at  both  sides  of 
the  furnace,  operating  through  doors  in  the 
side  walls. 

The  conditions  in  the  furnace  were  intensely 
oxidising,  and  it  was  necessary  to  stir  the  ore 
frequently  to  prevent  it  sintering.  In  the 
process  of  stirring,  the  ore  was  turned  over  and 
moved  towards  the  fire  end,  thus  making  room 
for  a fresh  charge  from  the  feed  hopper.  This 
process  of  stirring  and  moving  the  ore  forward 
towards  the  fire  end  was  continued  until  the  ore 
reached  close  up  to  the  fire  box,  at  which  point 
it  was  discharged  through  openings  in  the  bed 
of  the  furnace  into  vaults,  or  chambers,  con- 
structed below,  from  which — when  sufficiently 
cool — it  was  removed.  The  labour  required  on 
these  furnaces  was  very  heavy  and  the  output 
small,  and,  except  in  unimportant  installations, 
they  have  given  way  to  furnaces  in  which  the 
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ore  is  stirred,  moved  forward,  and  discharged  by 
mechanical  means  operated  by  power.  It  will 
be  impossible  within  the  limits  of  this  article 
to  describe  the  many  furnaces  of  this  type  which 
have  been  introduced,  and  it  will  suffice  to 
describe  one  or  two  which  will  serve  as  examples 
of  the  class  of  plant  employed. 

The  McDougall  furnace  (Fig.  4). — This  is 
very  largely  used,  and  consists  of  a series  of  flat 
circular  superimposed  firebrick  hearths,  en- 
closed in  a brick-lined  cylinder  of  steel  plate. 
An  iron  shaft  passes  centrally  up  the  cylinder 
through  openings  in  the  several  hearths,  and  is 


caused  to  revolve  by  suitable  gearing  attached 
either  to  its  upper  or  lower  end.  This  shaft  may 
be  made  hollow  and  cooled  by  air  or  water 
circulation. 

One  or  more  iron  arms  are  attached  to  this 
shaft  above  each  bed.  The  arms  extend  from 
the  shaft  to  the  periphery  of  the  circular  beds, 
and  have  attached  to  them  a series  of  iron  plates 
or  ploughs  set  at  a slight  angle  to  the  arm.  The 
ore  is  fed  from  a hopper  on  to  the  top  bed  near 
the  centre,  and  the  angle  of  the  ploughs  is  such 
that,  as  the  arms  revolve,  they  not  only  turn  the 
ore  over,  but  gradually  move  it  from  the  centre 
to  the  edge  of  the  bed.  At  one  point  in  the  edge 
of  the  bed  is  an  opening  through  which  the  ore 


falls  on  to  the  second  bed.  On  this  bed  the 
ploughs  are  so  set  on  the  arms  that  the  ore 
travels  in  the  reverse  direction  and  is  drawn  to 
the  centre  of  the  bed.  Here  it  discharges  on  to 
the  third  bed ; and  so  on  until  it  escapes  at  the 
bottom  of  the  furnace.  The  openings  through 
which  the  ore  falls  from  one  bed  to  the  other 
also  serve  as  flues  through  which  the  gases  pass 
upwards  through  the  furnace,  finally  escaping 
through  a flue  above  the  top  bed. 

Attached  to  the  lowest  bed  is  a fire  box  by 
which  the  furnace  is  heated  up  in  order  to  start 
it ; but,  after  being  once  started,  little  or  no 
fuel  is  required,  as  the  oxidation  of  the  ore  pro- 
vides sufficient  heat  throughout  the  apparatus. 

The  straight-hearth  mechanical  furnace. — This 
type  of  furnace  passes  under  various  distinctive 
names,  according  to  the  several  methods 
adopted  for  operating  the  ploughs,  and  slight 
modifications  in  the  construction.  One  such 
furnace  consists  of  a flat  bed  about  100  feet 
long  covered  with  an  arch.  At  one  end  is  the 
inlet  for  the  ore,  and  at  the  opposite  end  is  the 
outlet.  At  the  ore  inlet  end  is  the  flue  for  carrying 
off  the  gases,  and  at  the  opposite  end,  but  to  one 
side,  is  a fire  box  with  the  inlet  to  the  furnace 
constructed  in  the  roof  of  the  latter.  Other 
similar  fire  boxes — one  or  two  in  number — are 
placed  at  intervals  along  the  length  of  the 
furnace.  A channel  is  constructed  in  the  side 
walls  of  the  furnace  and  in  these  a rail  is  laid. 
A suitable  carriage  with  wheels  resting  on  the 
rails  stretches  from  one  side  of  the  furnace  to 
the  other,  and  the  bearings  pass  through  slots  in 
the  two  side  walls  and  are  carried  by  the  wheels 
above  referred  to.  To  this  carriage,  suitable 
ploughs  are  attached  in  such  manner  that,  in 
the  course  of  its  travel  from  one  end  of  the 
furnace  to  the  other,  the  ploughs  turn  the  ore 
over  and  also  move  it  forward.  The  carriage  is 
moved  by  a pair  of  chains  or  ropes  travelling  in 
the  channels  formed  in  the  side  walls,  and  at  the 
two  ends  of  the  furnace  these  chains  or  ropes  are 
carried  round  wheels  sufficiently  large  in  diameter 
to  lead  them  back  under  the  furnace,  thus  making 
them  continuous.  One  pair  of  these  wheels  is 
driven  by  suitable  gearing,  thus  causing  the  pair 
of  ropes  or  chains — and  with  them  the  carriage 
— to  travel  the  whole  length  of  the  bed  of  the 
furnace,  returning  through  the  tunnel  under 
the  bed,  where  rails  are  laid  for  supporting  the 
carriage.  Two  or  more  such  carriages  are 
attached  to  the  ropes,  or  chains,  .at  equal 
distances  apart.  The  ore  is  fed  mechanically 
on  to  the  bed  at  intervals  just  as  a carriage  is 
about  to  enter,  and  the  ore  is  spread,  turned  over, 
and  moved  forward  gradually  from  one  end  of 
the  furnace  to  the  other.  Each  time  a carriage 
emerges  from  the  furnace,  it  draws  with  it  a 
quantity  of  calcined  ore.  The  carriage  and  its 
attached  ploughs  are  cooled  during  the  passage 
through  the  tunnel.  The  ends  of  the  furnace 
are  closed  by  light  iron  doors  which  hang  down 
vertically  and  are  automatically  opened  by  the 
passage  of  the  carriage  and  close  themselves  as 
soon  as  the  carriage  has  passed. 

There  is  yet  another  method  of  removing  the 
excess  sulphur  which  is  sometimes  used,  known 
as  ‘ pot  roasting,’  or  ‘ blast  roasting.’  This 
method  of  calcining  is  advantageously  applied 
to  concentrates  and  fines,  and,  while  it  eliminates 
the  sulphur,  the  heat  attained  is  at  the  same 
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time  sufficiently  intense  towards  the  end  of  the 
process  to  cause  the  ore  to  partially  melt  or 
sinter  together,  forming  a mass  which  requires 
to  be  broken  up  before  it  can  be  treated  in  the 
smelting  furnace.  The  process  is  carried  out 
in  a similar  manner  to  that  used  in  the  treatment 
of  lead  ores,  but  is  not  very  extensively  used 
in  the  metallurgy  of  copper. 

After  the  sulphur  in  the  ore  mixture  has  been 
reduced  to  the  requisite  amount,  the  ore  is  ready 
to  be  smelted.  For  this  operation  one  of  two 
distinctly  different  types  of  furnace  are  used ; 
these  are  : 

(1)  Blast  furnace.  (2)  Reverberatory 
furnace. 

The  choice  between  these  two  methods  of 
carrying  on  the  smelting  operation  depends  on  a 


variety  of  circumstances,  all  of  which  must  have 
proper  consideration,  but  the  following  are  the 
chief  points,  viz.  : If  the  ore  is  to  be  smelted 
in  the  state  of  fines  or  concentrates,  it  is  un- 
suitable for  blast-furnace  treatment,  while  it  is 
eminently  suitable  for  the  reverberatory  furnace. 
On  the  other  hand,  rough  ore  is  unsuitable  for 
reverberatory-furnace  smelting. 

Blast-furnace  smelting. — The  furnace  used 
may  be  built  of  brick,  but  is  more  generally, 
nowadays,  constructed  with  water-cooled  walls 
of  steel  plate  (Fig.  5),  each  section  of  which  is 
termed  a jacket.  In  the  smaller  furnaces  the 
horizontal  section  is  circular,  but  in  the  ordinary 
sized  and  larger  furnaces  the  section  is  always 
rectangular.  As  the  working  of  this  type  of 
furnace  is — as  its  name  implies — dependent 
upon  an  air  blast  projected  into  the  interior. 


the  width  of  the  furnace  is  limited  by  the  strength 
of  the  blast  which  is  required  to  penetrate  the 
charge  from  the  sides  to  the  centre  of  the 
furnace,  while  the  length  of  the  furnace  is 
only  limited  by  the  capacity  required.  The 
increase  in  length  is  obtained  by  clamping 
together  two  or  more  of  the  jackets  on  each 
side,  thus  extending  the  longer  axis  of  the 
furnace. 

The  jackets  stand  on  a thick  cast-iron  plate 
carried  on  iron  supports.  In  some  cases  these 
jackets  are  only  used  in  the  lower  part  of  the 
furnace,  all  the  upper  part  being  constructed  of 
brick,  but  the  brickwork  may,  in  certain  cases, 
be  advantageously  replaced  with  a second  tier 
of  jackets,  reaching  up  to  the  feed  floor.  Above 
the  feed  floor  the  furnace  is  continued  in  the 
form  of  a covered-in  brick  chamber  with  lifting 
doors  at  each  side  and  an  outlet  in  the  roof  of 
the  chamber,  connecting,  by  means  of  a suitable 
iron  flue,  to  the  general  flue  system  of  the  works. 
Through  the  doors  the  charge,  consisting  of  a 
proper  mixture  of  ore — either  raw  and  calcined, 
or  partially  calcined  ore — is  introduced.  To 
this  ore  mixture  there  is  also  added  such  flux, 
either  limestone  or  ^silicious  material,  and  the 
necessary  amount  of  coke  as  is  required  to  form 
a suitable  smelting  mixture.  As  previously 
indicated,  the  object  of  this  is  to  produce  a 
matte  of  the  desired  grade  and  a slag  which 
shall  be  as  free  from  copper  as  possible  and 
which  shall  be  of  such  fusibility  as  to  flow  readily 
from  the  furnace.  On  the  lower  or  working 
floor,  the  furnace  is  provided,  either  at  the  ends 
or  sides,  with  one  or  more  spouts  through  which 
the  molten  products  of  the  smelting  operation 
flow.  Except  in  very  large  furnaces,  only  one 
such  spout  is  used  at  a time,  and  if  more  than 
one  is  fitted,  it  is  with  the  object  of  having  one 
in  reserve  in  case  of  a stoppage  to  the  one  in  use. 

The  side  jackets  of  the  furnace  are  provided 
with  circular  openings  (tuyeres)  passing  from 
the  outer  to  the  inner  surface.  When  the 
jackets  are  set  up,  these  tuyeres  form  a hori- 
zontal line  of  openings  on  each  side  of  the 
furnace.  The  blast  is  brought  down  from  the 
air  main  by  light  iron  piping  to  the  tuyeres,  and 
through  these  it  passes  to  the  interior  of  the 
furnace. 

The  blast,  at  a pressure  of  10-42  oz.  per 
square  inch,  is  generated  by  a suitable  blowing 
machine,  which  must  be  of  the  positive,  and  not 
the  fan,  type.  A plentiful  supply  of  water  is 
circulated  through  all  the  jackets,  and  the  over- 
flow pipes  from  these,  carrying  away  the  hot 
water,  discharge  into  sinks  or  launders. 

The  products  of  the  smelting  operation  per- 
formed in  this  furnace  flow  out  through  the 
spout  above  described  into  the  settler.  In  the 
case  of  small  furnaces  this  is  a square  cast-iron 
vessel  open  at  the  top  and  mounted  on  wheels 
to  allow  of  easy  replacement.  It  is  furnished 
with  a cast-iron  spout  at  its  upper  edge  through 
which  the  slag  overflows,  and  is  provided  with  a 
tap  hole  near  the  bottom  from  which  the  matte 
is  tapped  from  time  to  time.  In  the  case  of 
larger  furnaces  for  this  form  of  settler,  there  is 
substituted  a circular  tank,  formed  of  steel 
plates  lined  with  refractory  material,  placed 
permanently  in  position  under  the  spout  of  the 
furnace.  This  form  of  settler  may  be  10  or 
more  feet  in  diameter,  and,  like  the  smaller 
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pattern  mentioned  above,  is  provided  with  a 
slag  spout  near  the  top  and  a tap  hole  near  the 
bottom. 

In  the  settler,  a thorough  separation  of  the 
slag  and  matte  takes  place  : the  matte,  having 
the  higher  specific  gravity,  falling  to  the  bottom 
of  the  vessel  and  the  lighter  slag  rising  to  the 
top,  where  it  overflows  through  the  spout  into 
suitable  pots  provided  for  its  removal  to  the 
slag  dump.  From  time  to  time  the  matte  is 
tapped  off  through  the  tap  hole  at  the  bottom  of 
the  settler.  The  working  of  this  type  of  furnace 
proceeds  continuously,  fresh  ore  charges  being 
dumped  in  at  the  top  at  short  intervals,  while  a 
constant  flow  of  slag  and  matte  passes  out 
through  the  spout. 

Reverberatory -furnace  smelting. — The  furnace 
used  is  essentiallv  different  both  in  construction 
and  method  of  working  from  the  one  previously 
described.  In  the  blast  furnace,  the  fuel — coke 
— is  burnt  in  contact  with  the  materials  to  be 
smelted,  and  the  intense  heat  required  for  the 
operation  is  obtained  by  urging  the  combustion 
of  the  fuel  by  means  of  an  air  blast.  In  the 
reverberatory  furnace  the  material  to  be 
smelted  occupies  one  compartment  of  the 
furnace,  while  the  fuel — coal  or  wood— is  burnt 
in  another.  The  draught  required  for  the  com- 
bustion of  the  fuel  is  quite  moderate,  and  is 
obtained  by  a chimney  of  suitable  height  and 
area.  The  use  of  pulverised  coal  has  recently 


been  introduced  in  reverberatory  furnace 
practice,  with  gratifying  results,  from  a fuel 
economy  point  of  view.  The  working  bed  of 
the  furnace  in  plan  is  a parallelogram  (Fig.  6) 
with  rounded  corners.  At  one  end,  and  sepa- 
rated from  it  by  a low  partition,  is  the  fire  box, 
in  which  the  fuel  is  consumed.  At  the  opposite 
end  is  the  outlet  flue  connecting  with  the 
chimney.  A brick  arch  extends  from  the  back 
wall  of  the  fire  box  to  the  flue.  This  arches  the 
furnace  across  from  side  wall  to  side  wall,  and 
is  constructed  with  a fall  from  the  fire-box  end 
to  the  flue  end  of  the  furnace.  The  partition, 
or  bridge,  as  it  is  termed,  to  which  reference 
is  made  above  as  separating  the  working  bed 
from  the  Are  box,  reaches  to  such  a height  above 
the  bed  that  an  opening  is  left  between  its  top 
surface  and  the  roof  of  the  furnace.  Through 
this  opening  above  the  bridge,  the  flame  from 
the  burning  fuel  passes  over  the  bed  on  its 
way  to  the  outlet  flue.  The  side  walls  of  the 
furnace  are  pierced  with  a number  of  openings 
used  in  working  the  furnace  for  spreading  the 
ore  charge,  drawing  off  the  slag,  &c.,  and  one 
opening  is  cut  down  to  the  lowest  point  of  the 
bed  for  tapping  the  matte. 

The  furnace  walls  and  roof  are  constructed 
of  highly  refractory  bricks 
with  an  outside  casing  of 
ordinary  bricks,  and  the 
whole  is  bound  together 


Fig.  6. 


with  steel  girders  placed  vertically  and  tied 
together  from  one  side  to  the  other  by  iron  tie 
rods.  The  working  bottom  is  variously  con- 
structed. It  may  be  formed  of  highly  refractory 
bricks,  or  of  silicious  sand  or  crushed  quartz. 

The  charging  of  this  furnace  takes  place 
through  one  or  more  openings  in  the  roof  from 
hoppers  supported  above.  Assuming  that  the 
furnace  is  heated  up  to  the  required  tempera- 
ture, a charge  of  ore  mixture  is  dropped  from 
the  hoppers  above  through  the  openings  in  the 
roof.  This  is  then  spread  over  the  bed  by  means 
of  suitable  tools  operated  by  men  working 
through  the  side  and  front  doors.  When  this 
operation  is  completed,  the  doors  are  closed 
and  the  fire  attended  to  so  as  to  raise  the  tem- 
perature of  the  furnace  as  rapidly  as  possible 
to  full  heat.  The  charge  is  occasionally  stirred, 
if  necessary,  to  remove  any  agglomerated 
masses  from  the  bottom  of  the  furnace,  and 


finally,  a molten  bath  is  obtained  composed  of 
two  clistinct  layers — the  matte  forming  the 
bottom  layer,  and  the  slag  floating  upon  it. 
When  this  stage  is  reached,  another  charge  may 
be  dropped  and  treated  in  the  same  way ; and 
this  may  be  repeated  from  time  to  time  until  the 
furnace  is  full  of  molten  slag  and  matte.  A side 
door  and  end  door  are  opened  and  the  slag 
allowed  to  run  off,  and  towards  the  end,  this  is 
drawn  off  by  means  of  tools  handled  by  the 
furnace-men  until  nearly  all  the  slag  has  been 
removed.  The  tap  hole  is  then  carefully 
opened,  and  this  being  at  the  bottom  of  the 
furnace,  the  matte  flows  through  it  and  is  led 
by  a launder  into  a ladle  or  into  moulds  placed 
on  the  floor  to  receive  it.  When  nearly  all  the 
matte  has  been  run  off,  the  tap  hole  is  again 
closed  and  made  secure,  fresh  charges  are 
dropped  in,  and  the  operations  repeated, 

The  slag  may  be  received  in  ladles  mounted 
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on  wheels,  and  in  these  may  be  removed  to  the 
dump,  run  into  a stream  of  water  and  thus 
granulated  and  removed  ; or  it  may  be  run  into 
sand  moulds  formed  on  the  floor  of  the  furnace 
house,  and,  when  cool,  broken  up  and  removed 
to  the  dump. 

The  object  attained  in  this  operation  in  the 
reverberatory  furnace  is  the  same  as  with  the 
blast  furnace,  viz.  the  production  of  the  proper 
grade  matte  and  a slag  of  easy  fusibility 
reasonably  free  from  copper. 

Pyritic  smelting. — This  method  of  working 
secures  in  one  operation  what,  in  the  preceding 
descriptions,  is  attained  in  two  processes  carried 
on  in  separate  appliances.  It  has  been  shown 
that  in  order  to  produce  a proper  grade  of 
matte  from  cupriferous  iron  pyrite,  a certain 
proportion  of  sulphur  must  be  oxidised  to 
sulphur  dioxide,  and  that,  accompanying  this 
action,  a portion  of  the  iron  sulphide  must  also 
be  oxidised.  It  has  also  been  shown  that,  in 
ordinary  working,  this  preliminary  treatment 
and  the  actual  smelting  of  the  ore  are  carried  out 
as  two  distinct  operations.  It  has  also  been 
indicated  that  in  the  smelting  operation  proper, 
the  high  temperature  necessary  is  obtained  by 
• the  combustion  of  carbonaceous  fuel.  In 
pyritic  smelting,  the  two  processes  referred  to 
above  are  carried  out  as  one  operation  in  one 
furnace,  and  the  high  temperature  necessary  is 
derived  from  the  rapid  oxidation  of  the  sulphur 
and  iron  (chiefly  the  latter)  contained  in  the  ore 
itself.  While  this  method  of  working  is  of  the 
highest  importance  from  an  economical  point  of 
view,  it  is  of  somewhat  limited  application, 
owing  to  the  fact  that  comparatively  few  mines 
produce  ore  which — as  regards  its  physical  con- 
dition and  chemical  constitution — is  suitable 
for  this  method  of  treatment. 

The  process  is  carried  out  in  blast  furnaces, 
and  for  its  successful  operation  demands  a 
larger  volume  of  air  per  unit  of  time  than  the 
ordinary  smelting  process  and  an  ore  mixture  in 
which  the  pyritic  material  is  present  in  fairly 
large  pieces.  The  silica  must  be,  for  the  most 
part,  free  silica  (quartz),  and  not  combined  with 
earthy  bases  as  silicates.  Under  these  circum- 
stances the  ore  may  be  satisfactorily  smelted, 
producing  the  required  matte  and  slag  with  the 
consumption  of  but  1 to  3 p.c.  of  coke  instead 
of  10  to  12  p.c.  used  in  the  ordinary  method  of 
smelting.  A small  amount  of  coke  is  found  to 
be  desirable  in  order  to  keep  the  charge  open. 

II.  Treatment  of  the  matte  for  the  'production 
of  crude  copper. — It  has  already  been  pointed 
out  that  matte  consists  of  cuprous  sulphide 
CugS,  with  varying  proportions  of  iron  sulphide 
FeS,  and  the  carrying  out  of  the  stage  which 
is  now  to  be  considered  involves  the  elimination 
of  the  sulphur  and  iron,  while  the  copper  is  left 
in  the  metallic  state.  The  process  is  carried  out 
by  different  methods,  the  chief  of  which  will  now 
be  considered.  In  all  of  these  the  operation  is 
performed  in  two  stages,  although,  in  some  cases, 
these  follow  one  immediately  after  the  other  and 
in  the  same  apparatus,  while  in  others  the 
stages  are  performed  as  two  separate  operations 
and  in  two  or  more  separate  furnaces.  The 
first  stage  in  each  case  consists  in  the  removal  of 
the  FeS  with  the  production  of  CugS,  and  the 
second  stage  treats  the  CugS  with  the  production 
of  metallic  copper.  The  carrying  out  of  the 


first  stage  depends  upon  the  fact  that,  when 
matte  is  exposed  to  oxidising  conditions,  the 
iron  sulphide  is  the  first  of  its  constituents  to  be 
decomposed,  the  sulphur  being  oxidised  to 
sulphur  dioxide.  The  resulting  iron  oxide  is 
then  caused  to  combine  with  silica,  forming  a 
slag  which  can  be  removed  from  the  residual 
cuprous  sulphide. 

The  second  stage  in  the  process  depends 
upon  one  or  more  of  the  reactions  represented 
by  the  following  equations  : — 

Cu2S-]-2Cu20=6Cu+S02  ; 

CU2S+2CUO  =4Cu+S02; 

Cu2S+CuS04=3Cu+2S02  ; 

the  first  being  the  most  important  as  repre- 
senting the  change  which  takes  place  in  the 
largest  proportion  of  the  material.  The  re- 
actions indicated  are  effected  by  bringing  the 
several  compounds  together  in  a molten  con- 
dition. The  oxidised  compounds  may  be  added 
to  the  molten  CU2S  from  outside  sources  or 
may  be,  and  generally  are,  produced  by  the 
oxidation  of  a portion  of  the  cuprous  sulphide 
itself. 

The  reactions  outlined  above  are,  at  the 
present  day,  almost  always  brought  about  by 
what  is  termed  the  ‘ converter  process,’  also 
named  ‘ Bessemerising,’  the  former  name  derived 
from  the  designation  of  the  vessel  in  which  the 
operation  is  performed,  viz.  converter,  and 
the  latter  from  the  name  of  the  distinguished 
inventor.  Sir  Henry  Bessemer,  who  had  many 
years  previously  applied  a similar  method  and 
plant  to  the  production  of  steel  from  pig  iron. 

The  converter  consists  essentially  of  a vessel 
formed  of  steel  or  iron  plate,  with  a thick  lining 
of  either  highly  silicious  rock  to  which  a small 
quantity  of  clay  has  been  added,  sufficient 
only  to  give  the  necessary  coherence,  or  of  basic 
material.  The  vessel  is  provided  with  a suitable 
aperture  serving  the  purpose  of  a charging 
opening  through  which  the  matte  to  be  operated 
upon  is  poured  in  a molten  condition,  also  as  an 
outlet  through  which  the  products  of  the 
operation  are  poured,  as  well  as  being  an  escape 
for  the  gases  produced  in  the  process.  The 
vessel  is  supported  on  horizontal  trunnions  or 
on  friction  rollers,  and  is  capable  of  being 
rotated  by  electric  or  by  hydraulic  power 
(Fig.  7).  The  form  of  the  vessel  is  more  or  less 
cylindrical  with  the  axis  of  the  cylinder  placed 
vertically  or  horizontally.  In  the  case  of  the 
former,  a shallow  circular  enclosed  space,  termed 
the  air  box,  is^attached  on  the  outside  at  the 
bottom  of  the  vessel.^  In^the  latter  form,  this 
air^box  takes  the  shape  of  ^dong  rectangular  box 
attached  horizontally  to’ the  outside  of  the  con- 
verter.  From  these  boxes  holes  are  led  through 
the  plates  forming  the  casing  of  the  converter, 
and  are  continued  through  the  lining  to  the 
interior.  Air,  at  a pressure  of  from  8 to  12  lbs. 
per  square  inch,  is  supplied  to  the  air  boxes  as 
required,  and  the  supply  is  controlled  by  suitable 
valves.  Charging  of  the  converter  with  matte 
is  effected  by  means  of  a launder  direct  from  the 
furnace,  or  settler,  or  by  tapping  these  first 
into  a steel  ladle  handled  by  an  overhead  crane 
which  conveys  it  to  the  converter  and  pours' it. 

When  an  acid  lining  is  used,  the  converter, 
having  been  lined  and  the  lining  dried  by  a slow 
fire,  is  placed  upon  the  stand  and  connected  up 
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to  the  air  main.  A charge  of  molten  matte  is 
then  poured  in,  the  converter  having  been 
tilted  into  a suitable  position  for  receiving  it. 
The  air  being  turned  on,  the  converter  is  then 
tilted  over  so  that  the  tuyeres  are  brought 
beneath  the  surface  of  the  matte,  and  the  air. 


being  forced  through 
the  molten  sulphides, 
causes  a rapid  oxidation 
of  the  constituents  of  the 
iron  sulphide.  The  sul- 
phur is  oxidised  in  this 
way  to  sulphur  dioxide 
and  the  iron  to  oxide, 
which  is  immediately 
converted  to  silicate  by 
Fig.  7.  combination  with  the 

silica  of  the  lining.  As 
the  oxidation  proceeds,  the  temperature  of  the 
charge  increases  and  the  operation  is  continued 
until  practically  the  whole  of  the  iron  sulphide 
has  been  decomposed,  and 'the  contents  of  the 
converter  consist  of  cuprous  sulphide  and  slag. 
The  converter  is  now  turned  over  and  the  slag 
run  off  into  pots  or  moulds,  and  when  this  is 
done,  it  is  again  turned  into  the  blowing  position, 
when  the  second  stage  of  the  oxidation  is  com- 
menced. The  passage  of  the  air  through  the 
molten  cuprous  sulphide  brings  about  the 
oxidation  of  a part  of  that  material  to  cuprous 
oxide,  which  immediately  reacts  upon  unaltered 
cuprous  sulphide  with  the  production  of  an 
equivalent  quantity  of  metallic  copper,  in 
accordance  with  the  reactions  already  given. 
This  action  continues  until  all  the  cuprous  sul- 
phide has  been  decomposed  and  the  contents  of 
the  converter  consist  of  metallic  copper ; any 
small  quantity  of  slag  which  may  be  on  the 
surface  is  removed  by  turning  down  the  vessel 
and  skimming  off.  The  metallic  copper  is 
then  poured  by  tilting  the  converter.  As  the 
slags  produced  in  the  operation  contain  a certain 
amount  of  copper  they  are  resmelted  in  the 
furnace  in  which  the  matte  was  produced  in  the 
first  place.  As  soon  as  the  copper  has  been 
poured,  the  converter  is  ready  to  receive  another 
charge,  and  the  operations  are  repeated.  When 
several  charges,  generally  5 to  10,  have  been  put 
through  (the  number  depending  upon  the  nature 
of  the  material  of  which  the  lining  is  formed  and 


the  care  exercised  in  ramming  it  into  place),  the 
lining  becomes  too  thin  for  further  use  ; the 
converter  is  therefore  removed  to  the  relining 
department  by  means  of  the  crane,  the  old 
lining  is  taken  out  and  a fresh  one  put  in,  when, 
after  drying,  it  is  again  ready  for  use. 

Owing  to  the  frequency  of  this  relining 
necessary  in  the  acid  converters,  basic  lined 
converters  have  been  introduced,  magnesite 
bricks  being  used  for  this  purpose.  The  silica 
which  is  necessary  to  flux  off  the  oxide  of  iron 
formed  by  the  oxidation  of  the  iron  sulphide 
in  the  matte,  is  charged  into  the  converter  in 
the  form  of  dried  silicious  ore.  Very  large  basic 
lined  converters  are  now  being  used  and  the 
method  of  working  varies  somewhat  from  that 
used  in  the  case  of  acid  lined  converters.  The 
copper  from  a previous  charge  having  been 
poured,  30  to  40  tons  of  matte  may  be  poured 
into  the  converter  followed  by  about  3 tons  of 
silicious  ore  which  may  itself  be  cupriferous. 
The  blast  is  then  put  on  and  the  converter 
slowly  turned  until  the  tuyeres  are  below  the 
level  of  the  matte.  For  the  first  few  minutes  a 
blast  pressure  of  only  5 lbs.  is  used,  and  after  the 
matte  and  silica  have  thoroughly  intermingled, 
the  blast  pressure  is  increased  to  about  12  lbs. 
per  square  inch.  When  the  silica  has  been 
fluxed  bv  the  iron  oxide,  the  converter  is  turned 
down  and  the  slag  poured  off.  A further  charge 
of  6 to  7 tons  of  matte  and  sufficient  silicious  ore 
are  now  added  and  the  blow  is  resumed.  This 
removal  of  slag  and  additions  of  matte  and  ore 
are  continued  until  sufficient  white  metal  or 
cuprous  sulphide  has  accumulated  in  the 
converter  to  be  blown  to  metal  in  the  usual  way. 

Another  method  for  the  production  of 
metallic  copper  from  the  matte  is  conducted 
entirely  in  reverberatory  furnaces,  and  is  some- 
times employed  where  the  output  does  not 
justify  the  more  expensive  converter  plant 
previously  described.  In  this  method  of 
working,  the  first  stage,  viz.  the  removal  of  the 
iron  sulphide  of  the  matte  by  oxidation  of 
its  constituent  elements,  is  effected  by  smelting 
the  material  with  a proper  proportion  of  calcined 
matte  together  with  silica  sufficient  to  form  a 
silicate  of  iron  slag  with  the  iron  oxide  ; or  the 
matte  may  be  smelted  with  oxidised  copper  ore, 
silica  being  also  present.  In  either  case,  the 
result  is  that  the  iron  sulphide  is  decomposed, 
the  sulphur  passing  from  the  furnace  as  sulphur 
dioxide,  and  the  iron  forming,  with  the  added 
silica,  a slag,  which  is  removed.  The  contents  of 
the  furnace  at  this  stage  consist  chiefly  of 
cuprous  sulphide,  CugS.  Currents  of  heated  air 
are  directed  over  the  surface  of  the  molten  bath, 
with  the  resulting  formation  of  cuprous  oxide 
and  the  concurrent  reaction  between  this  and 
the  unchanged  cuprous  sulphide  results  in  the 
production  of  metallic  copper,  in  accordance 
with  the  equations  previously  set  out.  When 
this  reaction  has  extended  to  the  whole  contents 
of  the  furnace,  the  heat  is  raised  and  the  metallic 
copper  is  tapped  out  into  moulds. 

III.  Refining. — The  method  of  treatment  to 
be  adopted  in  this  operation  depends  upon 
whether  {a)  the  copper  is  practically  free  from 
gold  and  silver  and  from  deleterious  elements  ; 
(6)  the  copper  contains  appreciable  quantities  of 
gold  and  silver,  or  contains  undue  quantities  of 
deleterious  elements. 
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If  the  metallic  copper  produced  by  the 
operations  previously  described  under  I.  and  II, 
comes  under  the  description  (a)  above,  it  can  be 
refined  by  furnace  treatment  only ; if  it  comes 
under  (b)  it  must  be  refined  electrolytically  in 
order  to  recover  the  gold  and  silver  or  to  obtain 
it  free  from  the  impurities. 

Under  (a),  the  furnace  employed  is  of  the 
reverberatory  type,  and  the  removal  of  the  im- 
purities is  effected  by  slowly  melting  the  pigs  of 
copper  under  highly  oxidising  conditions,  and 
maintaining  the  bath  of  molten  copper  under 
this  condition  until  the  impurities  are  oxidised 
and  removed,  either  by  volatilisation  or  by 
passing  as  oxides  into  the  copper  silicate  slag 
formed.  The  oxidation  of  the  impurities  is 
facilitated  by  the  fact  that  metallic  copper  has 
the  property  of  dissolving  a small  proportion  of 
cuprous  oxide,  which  compound  is  brought  into 
contact  with  the  elements  to  be  oxidised  under 
the  very  favourable  condition  of  fluidity. 

The  oxidising  condition  of  the  bath  of  molten 
copper  is  maintained  until  the  impurities  are 
removed,  as  far  as  practicable,  and  the  copper 
contains  a maximum  quantity  of  dissolved 
cuprous  oxide.  In  this  condition  the  metal  is 
said  to  be  ‘ dry.’  After  removal  of  the  slag,  the 
next  stage  consists  in  reducing  the  greater 
portion  of  the  dissolved  cuprous  oxide,  which  is 
effected  by  depressing  poles  of  green  wood  below 
the  surface  of  the  bath  of  metal,  when  con- 
siderable agitation  takes  place  and  the  cuprous 
oxide  is  subjected  to  the  reducing  action  of  the 
gases  given  off  by  the  pole. 

The  process  is  continued  until  only  a small 
quantity  of  cuprous  oxide  remains,  and  the 
copper  attains  the  physical  condition  known  as 
' tough  pitch,’  when  it  is  ladled  out  into  moulds 
of  any  required  shape. 

Under  (6),  the  copper  is  refined  electrolytically. 
This  process  depends  for  its  operation  upon  the 
fact  that  if  an  electric  current  is  caused  to  pass 
through  a solution  of  copper  sulphate,  the  copper 
in  the  solution  is  deposited  at  the  cathode,  while 
the  acid  is  set  free  at  the  anode.  If  the  anode  is 
composed  of  metallic  copper,  then  the  acid  set 
free  on  its  surface  immediately  dissolves  an 
equivalent  portion  of  copper  which  passes  into 
solution,  and  is,  in  turn,  deposited  at  the  cathode, 
and  the  process  thus  becomes  continuous  so  long 
as  the  current  passes  and  there  is  copper  at  the 
anode  to  be  dissolved.  Assuming  that  the 
solution  of  copper  sulphate  is  properly  made  up 
and  maintained,  and  the  voltage  and  current  are 
suitably  adjusted,  then  only  copper  will  be 
deposited  at  the  cathode,  while  the  gold  and 
silver  and  all  the  impurities  contained  in  the 
copper  anodes  will  either  remain  as  insoluble 
slime,  collected  at  the  bottom  of  the  vessel  in 
which  the  operation  is  conducted,  or  will  pass 
into  the  electrolyte.  Gold,  silver,  and  lead  pass 
entirely  into  the  insoluble  slime  ; other  elements, 
such  as  iron  and  nickel,  pass  wholly  into  the 
solution,  and  others  again  are  to  be  found  partly 
in  the  slime  and  partly  in  the  electrolyte.  The 
cathode  surface  is,  to  start  with,  a very  thin  sheet 
of  electro-deposited  copper,  and  when — as  the 
result  of  the  operation — sufficient  copper  has 
accumulated  upon  its  surfaces,  it  is  removed 
from  the  bath  and  is  ready  for  melting  and 
casting  into  any  required  shape.  In  practice, 
a number  of  anode  plates  are  hung  in  a lead- 


lined  wooden  tank,  and  are  suitably  connected 
to  the  positive  lead.  Alternating  with  these 
anode  plates  are  hung  the  cathode  sheets,  con- 
nected in  parallel  with  the  negative  lead.  A 
large  number  of  tanks  are  connected  in  series, 
and  the  current  is  passed  through  the  whole  set 
of  tanks.  The  electrolyte  is  caused  to  circulate 
through  the  whole  series,  and,  after  it  has  been 
in  use  for  some  time,  a certain  proportion  must 
be  removed  regularly  for  purification.  A 
quantity  of  anode  copper  remains  undissolved, 
and  when  the  tank  is  to  be  cleaned,  this  is  taken 
out  for  remelting  into  anodes,  the  solution  is 
run  off,  and  the  slime  is  removed.  This  latter 
is  washed  and  dried,  any  large  particles  of 
copper  removed  by  sieving,  and  the  fine  slime  is 
then  treated  for  the  recovery  of  any  silver  or 
gold  which  it  may  contain. 

Copper  flue  dust,  A considerable  amount  of 
copper  may  be  carried  forward  in  the  waste 
gases  from  the  furnaces  and  precautions  are 
now  taken  to  recover  it.  In  modern  well 
arranged  plants,  capacious  flues  and  dust 
chambers  are  provided  between  the  furnaces 
and  the  chimney  for  the  deposition  of  the  fine 
particles  of  ore  carried  forward,  and  for  the 
condensation  of  copper  fume,  which  is  frequently 
arsenical.  The  Cottrell  process  of  electrostatic 
precipitation  of  dust  is  sometimes  used.  The 
dust  obtained  is  collected  from  time  to  time 
and  retreated  in  reverberatory  furnaces  or  is 
briquetted  and  smelted  in  blast  furnaces. 

Wet  methods.  Until  recently  these  had  a 
very  limited  application  in  the  extraction  of 
copper,  but  within  the  last  few  years  have 
made  remarkable  strides,  and  extensive  plants 
are  now  in  operation  in  which  new  methods  or 
modifications  of  the  older  methods  are  being 
used.  The  wet  extraction  of  copper  consists  of 
leaching  the  ore  either  in  its  natural  condition 
or  after  roasting  and  in  a suitable  state  of  sub- 
division, with  a suitable  solvent,  in  vats  fitted 
with  false  bottoms  and  precipitating  the  copper 
from  the  solution  thus  obtained  by  suitable 
means. 

Wet  methods  are  specially  suitable  for  the 
treatment  of  low  grade  oxi^sed  ore  and  for 
oxidised  tailings,  but  have  also  been  successfully 
applied  to  the  treatment  of  material  containing 
the  copper  as  sulphide.  The  most  widely  used 
method  consists  in  leaching  the  ore  with  dilute 
sulphuric  acid  and  recovering  the  copper  from 
the  solution  by  electrolysis  or  by  precipitation 
on  metallic  iron.  This  method  can  be  applied 
directly  to  oxidised  ores,  but  in  the  case  of 
sulphide  ores  a preliminary  roast,  in  order  to 
render  the  copper  soluble  in  the  acid,  is  fre- 
quently necessary. 

At  Rio  Tinto  the  massive  cupriferous  pyrites 
is  treated  without  roasting,  large  heaps  of  the 
mineral  being  allowed  to  oxidise  slowly  under 
the  action  of  air  and  moisture,  and  the  copper 
sulphate  thus  formed  is  washed  out  and  precipi- 
tated on  metallic  iron.  In  some  cases  in  which 
sulphuric  acid  leaching  is  followed  by  electrolytic 
deposition  of  the  copper,  the  regeneration  of 
sulphuric  acid  in  the  precipitation  plant  yields 
a solvent  suitable  for  further  leaching  operations. 

Another  method  used  consists  in  roasting  the 
cupriferous  sulphide  material  with  salt.  Soluble 
copper  salts  are  thus  formed  which  may  be 
recovered  by  solution  and  precipitation  of  the 
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copper  on  iron.  A modification  of  this  process 
is  also  used  whereby  silver  is  recovered  with  the 
copper. 

Other  processes  are  sometimes  used  in  which 
sulphurous  acid,  ferric  sulphate,  ferrous  chloride 
and  ammonia  are  used  as  solvents.  C.  0.  B. 

Compounds  op  Coppee. 

Oxides.  Five  oxides  of  copper  are  said  to  be 
known  : the  quadrantoxide  CU4O,  the  trientoxide 
CU3O,  the  sub-  or  hemi-oxide  CugO,  the  monoxide 
CuO,  and  the  peroxide  ChOa-  Other  oxides 
have  been  described,  but  their  existence  is  not 
proved. 

Copper  quadrantoxide  is  stated  to  be  formed 
by  adding  a solution  of  copper  sulphate  to  a 
cooled  dilute  solution  of  stannous  chloride  in 
caustic  potash  (Rose,  Pogg.  Ann.  1861,  120,  1). 
It  is  an  olive-green  powder,  which  rapidly  ab- 
sorbs oxygen  from  the  air.  According  to  Moser 
(Zeitsch.  anorg.  Chem.  1909,  64,  200),  this  pro- 
duct is  really  a mixture  of  cuprous  oxide  and 
copper. 

Copper  trientoxide  is  obtained  as  a hard 
yellowish  mass  by  heating  cupric  oxide  at 
1500°-2000°.  It  is  unaffected  by  any  acid 
except  hydrofluoric  (Bailey  and  Hopkins,  Chem. 
Soc.  Trans.  1890,  269). 

Copper  suboxide,  or  hemioxide,  red  oxide  of 
copper,  cuprous  oxide  CugO,  occurs  native  as 
cuprite  or  red  copper  ore,  and  as  chalcotrichite. 

It  may  be  prepared  (1)  by  heating  finely 
divided  copper  in  air  below  a red  heat ; (2)  by 
gently  heating  a mixture  of  5 parts  cuprous 
chloride  and  3 parts  sodium  carbonate  in  a 
covered  crucible,  and  separating  the  oxide  by 
lixiviation ; (3)  by  reduction  of  an  alkaline 

solution  of  a copper  salt  by  sugar  or  certain 
other  organic  bodies,  as  in  Barreswil’s  (Fehling’s) 
solution  ; (4)  by  heating  in  a covered  crucible  a 
mixture  of  5 parts  copper  monoxide  and  4 
parts  copper  filings  ; (5)  by  the  electrolysis  of 
copper  sulphate  solutions  under  certain  con- 
ditions (Miller,  J.  Phys.  Chem.  1909,  256  ; Gillett, 
ibid.  1909,  332)  ; (6)  by  heating  cupric  oxide  in 
sulphur  dioxide  and  treating  the  product  with 
water,  when  cupric  sulphate  is  dissolved  and  the 
cuprous  oxide  remains  : 3Cu0+S02=Cu.30 

-fCuS04  (Hammick,  Chem.  Soc.  Trans.  1917, 
111,  384). 

This  oxide  is  decomposed  by  most  acids  into 
a cupric  salt  and  copper ; hydrochloric  acid, 
however,  converts  it  into  cuprous  chloride. 

Cuprous  oxide  fuses  at  a bright-red  heat.  It 
dissolves  in  metallic  copper  and  renders  it 
brittle  or  ‘ dry  ’ when  present  in  quantity.  As 
much  as  4 ‘6  p.c.  has  been  found  by  Abel  in  very 
dry  copper,  and,  according  to  Watson  (J.  Soc. 
Chem.  Ind.  1883,  154),  from  1 to  2^  p.c.  is  present 
in  ordinarily  good  copper. 

' It  is  largely  used  in  the  manufacture  of  ruby 
glass,  and  for  the  production  of  a red  glaze  on 
pottery  (Louth  and  Dutailly,  Mon.  Ceram,  et 
Verr.  19,  237),  and,  together  with  the  black 
oxide,  forms  one  of  the  so-called  copper  paints 
used  for  painting  ships’  bottoms. 

A yellow  form  of  the  oxide  is  produced  by  the 
action  of  alkali  on  cuprous  chloride,  or  better  by 
the  reduction  of  a cupric  salt  by  means  of 
hydroxylamine  in  presence  of  alkali.  It  can 
also  be  prepared  electrolytically,  using  an  alkali 
sulphate  as  the  electrolyte  and  an  anode  of  pure 


copper.  It  may  also  be  obtained  by  the  re- 
duction of  Barreswil’s  (Fehling’s)  solution  in 
presence  of  a deficit  of  tartrate.  The  yellow  pre- 
cipitate thus  formed  is  not  a definite  hydrate, 
but  is  a colloidal  form  of  the  oxide  with  an  in- 
definite amount  of  water  (Groger,  Chem.  Zeit. 
Rep.  1902,  197).  It  quickly  changes  to  an 
orange  or  brick-red  colour  and  can  then  be  dried 
unchanged.  The  dried  product  contains  from 
2-3  p.c.  of  adsorbed  water.  At  a low  red  heat 
it  loses  this  water  and  changes  into  the  red 
crystalline  form.  The  yellow  cuprous  oxide  is 
to  be  regarded  as  a primary  metastable  form, 
the  red  crystalline  form  being  the  stable  one. 
It  is  a powerful  reducing  agent,  especially  in 
ammoniacal  solution.  This  solution,  which  is 
colourless,  immediately  becomes  blue  from  the 
formation  of  the  monoxide  on  exposure  to  the 
atmosphere,  and  thus  forms  a delicate  test  for 
oxygen.  The  hydrated  oxide  dissolves  in  a 
concentrated  solution  of  magnesium  chloride. 

This  oxide  is  produced  in  Hoepfner’s  process 
for  extracting  copper  from  ores,  &c.,  with  cupric 
chloride  solution.  Cuprous  chloride  is  formed 
and  treated  with  alkali  to  obtain  cuprous  oxide 
(J.  Soc.  Chem.  Ind.  1893,  932 ; Eng.  Pat.  18900, 
1892). 

Copper  monoxide,  cupric  oxide,  black  oxide 
of  copper,  ‘ copper  oxide  * CuO,  occurs  as  mela- 
conite  or  black  copper,  especially  at  Lake 
Superior. 

It  may  be  prepared  by  heating  the  nitrate 
or  carbonate  to  dull  redness  or  the  sulphate  to 
intense  redness.  The  decomposition  of  the  sul- 
phate is  the  basis  of  Adcock’s  process  for  the 
preparation  of  the  oxide  direct  from  the  natural 
carbonate  or  sulphate  (Eng.  Pat.  11678,  1900). 
The  copper  oxide  used  for  organic  analysis,  &c., 
may  be  prepared  by  moistening  copper  scale 
(the  mixture  of  suboxide  and  black  oxide  ob- 
tained while  working  copper  sheet,  &c.)  with 
nitric  acid,  and  igniting. 

An  electrolytic  method  of  preparing  the 
oxide  has  been  described  by  Miller  (J.  physikal. 
Chem.  1909,  256) ; and  by  Luckow  (Zeitsch. 
Elektrochem.  1897,  482). 

Copper  oxide  is  a black  powder  which 
agglomerates  when  heated,  and  fuses  at  the 
melting-point  of  copper,  forming  cuprous  oxide, 
or  CugO,  according  to  the  temperature.  It  can 
be  made  to  crystallise  in  regular  tetrahedra.  It 
is  slightly  hygroscopic,  especially  when  in  powder. 
When  heated  with  organic  substances  or  certain 
gases,  it  is  reduced  to  metal.  The  metal  pro- 
duced by  reduction  in  hydrogen  always  contains 
that  gas,  but  if  the  oxide  be  reduced  in  formic 
acid  vapour,  the  metal  is  quite  free  from  hydro- 
gen and  is  suitable  for  organic  analysis  (Weyl, 
Ber.  15,  1138). 

It  dissolves  in  acids  with  formation  of 
cupric  salts.  In  oils,  &c.,  it  is  soluble  to  some 
extent ; it  is  for  this  reason  that  copper  cooking 
vessels  require  such  constant  cleansing. 

Copper  oxide  is  used  in  ultimate  organic 
analysis  ; to  make  green  and  blue  glass  and 
glazes,  and  to  some  extent  as  a pigment.  It 
has  also  been  used  as  one  electrode  of  a galvanic 
cell  {v.  Lelande  and  Chaperon,  Bull.  Soc.  chim. 
[2]  49,  173). 

Cupric  hydroxide  CuOHgO  may  be  pre- 
pared by  precipitating  a solution  of  a copper 
salt  by  addition  of  alkali  and  washing  rapidly. 
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When  heated  with  water,  it  becomes  black  and 
amorphous. 

A colloidal  form  of  the  oxide  has  been  ob- 
tamed  by  Paal  and  Leuze  (Ber.  1906,  1545), 
which  gives  blue-violet  solutions,  and  when  dry 
retains  its  solubility  indefinitely. 

The  hydroxide  is  used  as  a blue  pigment 
by  paper  stainers,  but  becomes  green  on  ex- 
posure. It  corresponds  closely  with  certain  of 
the  highly  basic  carbonates  sold  as  verdiiers. 
According  to  Dumas,  it  is  best  prepared  as  fol- 
lows : 6 parts  of  copper  sulphate  are  dissolved 
in  water  and  mixed  with  a solution  of  3 parts  of 
calcium  chloride.  The  clear  liquid  is  decanted 
from  the  precipitated  calcium  sulphate  and  is 
mixed  with  1^  parts  of  lime  made  into  a cream 
with  water.  The  greenish  precipitate  is  col- 
lected, washed,  and  mixed  with  one-fourth  its 
weight  of  slaked  lime  and  as  much  pearl  ash, 
and  to  render  the  colour  more  permanent,  one- 
fourth  its  weight  of  ammonium  chloride  and 
one-half  its  weight  of  copper  sulphate  are  usually 
added. 

The  hydrated  oxide  dissolves  in  ammonia, 
the  saturated  solution  in  strong  ammonia  being 
known  as  ‘ Schweitzer’s  reagent,’  or  cupram- 
mo7iiu7n.  This  solution  has  the  property  of 
gradually  dissolving  cellulose  with  formation  of 
a viscid  solution  which  is  used  for  the  prepara- 
tion of  the  ‘ Willesden  papers,’  and  for  the  pro- 
duction of  ‘ artificial  silk  ’ on  the  large  scale. 
This  process  consists  in  injecting  the  copper- 
cellulose  solution  into  strong  solutions  of  alkali 
or  acid.  In  either  case,  coagulation  takes  place 
with  formation  of  a fibre  of  cellulose  corre- 
sponding in  thickness  to  the  diameter  of  the  jet. 

An  aqueous  solution  of  sodium  hydroxide  of 
sp.gr.  1 ‘345-1 ’370,  or  of  potassium  hydroxide 
of  sp.gr.  1 ‘453-1 ‘498,  will  dissolve  0‘78  grm.  of 
cupric  hydroxide  in  100  c.c.  giving  a bright  blue 
solution  which  yields  no  precipitate  when  boiled. 
If  a more  dilute  alkali  solution  be  used  the 
solution  is  not  stable  when  further  diluted  and 
subsequently  boiled  (Justen-Mueller,  Compt. 
rend.  1918,  167,  779). 

Cuprammonium  solutions  are  prepared  on 
the  large  scale  by  the  joint  action  of  oxygen  and 
ammonia  on  metallic  copper  at  temperatures 
near  0°  (Schaefer,  U.S.  Pat.  884298,  1908 ; 
Bronnert,  Fremery,  and  Urban,  Eng.  Pat.  1763, 
1900  ; Lecoeur,  Fr.  Pat.  374277,  1906). 

Bellot  has  patented  a continuous  process  of 
manufacture,  using  a series  of  closed  vessels 
(Fr.  Pat.  335207,  1903). 

The  solution  should  be  purified  by  dialysis, 
as  the  presence  of  crystalline  salt  favours  its 
decomposition  (Lecoeur,  Fr.  Pat.  362986,  1906). 
Addition  of  1-2  p.c.  of  polyhydric  alcohols, 
carbohydrates,  gum,  &c.,  to  cuprammonium 
solutions  increases  their  stability  and  prevents 
the  deposition  of  cupric  hydroxide  (Friedrich, 
Eng.  Pat.  4104,  1909),  and  the  presence  of  such 
substances  facilitates  manufacture  of  the  solu- 
tion, making  it  possible  to  employ  copper  con- 
centrations up  to  5 p.c.  without  cooling  (Fr.  Pat. 
399911,  1909). 

Chattaway  has  shown  (Proc.  Roy.  Soc.  1908, 
80,  A,  88)  that  by  the  reduction  of  a cupram- 
monium solution  with  aromatic  hydrazines, 
copper  mirrors  can  be  deposited  on  glass. 

Dawson  states  that  a solution  of  cupric 
hydroxide  in  ammonia  contains  copper  as  the 
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base  Cu(NH3)4  (OH).^  (Zeitsch.  physikal.  Chem. 
69,  110).  (For  a general  discussion  of  the  con- 
stitution of  cuprammonium  salts,  see  Horn  and 
Taylor  (Amer.  Chem.  J.  1904,  253),  and  Horn 
1907,  475).) 

Copper  dioxide,  copper  peroxide  CuOo,  is 
obtained  by  the  action  of  hydrogen  peroxide  on 
cupric  hydroxide  in  neutral  solution  at  0° 
(Kriiss,  Ber.  1884,  17,  2593 ; Moser,  Zeitsch. 
anorg.  Chem.  1907,  54,  121).  The  crystalline 
precipitate  is  washed  with  water,  alcohol,  and 
ether  at  0°,  and  dried  in  vacuo.  It  has  a yellow- 
ish-brown colour,  and  decomposes  at  180°, 
forming  eupric  oxide. 

SaXiTS.  Two  series  of  copper  salts  are  known, 
cuprous  and  cupric.  The  former  are  mostly  in- 
soluble in  water,  and  are  of  but  little  commer- 
cial importance.  They  aet  as  powerful  reducing 
agents  and  readily  pass  into  the  cupric  condi- 
tion. Cupric  salts  are  mostly  soluble,  and  are 
of  wide  application. 

Cuprous  chloride  CugClg  may  be  prepared, 
amongst  other  methods,  by  boiling  cupric  chlor- 
ide with  hydroehloric  acid  and  copper  turnings. 
On  addition  of  water  it  is  precipitated  in  white 
crystals. 

Zuloaga  has  suggested  (Rev.  Chim.  Ind. 
1900,  107)  that  the  cuprous  chloride  solution 
used  in  the  extraction  of  silver  from  its  ores 
should  be  prepared  by  mixing  solutions  of  cupric 
sulphite  and  of  cupric  sulphate  and  sodium 
chloride. 

Cuprous  chloride  melts  below  a red  heat  into 
a yellow  transparent  mass.  The  dry  crystals  be- 
come yellowish  on  exposure  to  light ; if  moist, 
they  acquire  a dirty-violet  tinge.  Plates  of 
copper  coated  with  this  chloride  by  the  action  of 
chlorine  will  take  photographic  impressions,  but 
carmot  be  made  to  withstand  exposure  to  light 
{v.  Carlemann,  J.  pr.  Chem.  63, 475  ; and  Priwoz- 
nik,  Dingl.  poly.  J.  221,  38). 

Cuprous  chloride  combines  with  ammonia 
to  form  three  compounds 

CU2Cl2‘NH3,  CU2Cl2‘3NH3,  Cu2Cl2‘6NH3 
Cuprous  bromide  and  iodide  form  compounds 
analogous  to  the  last  two  (Lloyd,  J.  Phys.  Chem. 
1908,  398). 

The  hydrochloric  acid  solution,  when  exposed 
to  air,  absorbs  oxygen  and  acquires  a brown 
colour,  subsequently  depositing  a pale  bluish- 
green  insoluble  copper  oxychloride 

CuCl2‘3Cu0,4H20 

An  identical  substance  used  as  a pigment,  and 
known  as  Brunswick  green,  is  prepared  by 
boiling  a solution  of  copper  sulphate  with  a 
small  quantity  of  bleaching  powder  solution  ; or 
by  moistening  copper  turnings  with  free  exposure 
to  air.  It  occurs  in  nature  as  atacamite. 

The  use  of  the  oxychloride  in  preference  to 
the  sulphate  for  destroying  mould  on  vines,  &c., 
is  recommended.  200-250  grams  per  litre  of 
water  are  employed  (Deletrez,  J.  Soc.  Chem, 
Ind.  1909,  438). 

When  a solution  of  cuprous  chloride  in  potas- 
sium chloride,  acidified  with  hydrochloric  acid, 
is  treated  with  acetylene,  a yellow  precipitate 
of  Cu2Cl2‘C2H2  is  formed.  Other  compounds 
containing  copper  oxide  or  potassium  chloride 
can  be  obtained  by  varying  the  conditions 
(Chavastelon,  Compt.  rend.  132,  1489). 

1 Acetylene  reacts  with  solutions  of  cuprous 
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chloride  in  ammonia  to  form  a blood-red  pre- 
cipitate of  cuprous  aceiylide,  which,  on  dehydra- 
tion, has  the  formula  CU2C2,  and  is  highly 
explosive  (Scheiber,  Ber.  1908,  3816).  Its 

decomposition  by  acids  has  been  used  as  a 
means  of  preparing  pure  acetylene.  A colloidal 
solution  of  copper  acetylide  has  been  prepared 
by  Kiispert  (Zeitsch.  anorg.  Chem.  34,  453)  {v. 
Acetylene). 

Cuprous  bromide  Cu2Br2  is  obtained  by  the 
union  of  its  elements  or  by  boiling  a solution 
of  cupric  bromide  with  copper,  and  forms  a 
brown  crystalline  mass. 

Cuprous  iodide  is  the  only  known  iodide  of 
copper,  and  is  obtained  as  a white  precipitate  by 
adding  potassium  iodide  to  a solution  of  copper 
sulphate  containing  ferrous  sulphate  or  sulphu- 
rous acid.  It  has  a sp.gr.  5 ’653  at  15°  (Spring, 
Rec.  trav.  chim.  1901,  79),  melts  without 
decomposition  at  628°,  and  is  practically  in- 
soluble in  water. 

Cuprous  sulphite  Cu2S03,H20  is  obtained  in 
microscopic  nacreous  plates  by  passing  sulphur 
dioxide  into  a hot  solution  of  cuprous  acetate 
in  acetic  acid.  It  forms  double  salts  with  the 
alkali  sulphites.  Gupro-cupric  sulphite  CugSOg' 
Cu2S03,2H20  is  a red  micro  crystalline  powder. 

Cuprous  sulphate  CU2SO4  can  be  prepared 
by  the  action  of  dry  dimethyl  sulphate  on  dry 
powdered  cuprous  oxide  (Recoura,  Compt.  rend. 
148,  1909,  1105).  A compound  of  cuprous 
sulphate  and  carbon  monoxide  Cu2S04'2C0,H20 
has  been  obtained  by  Joannis  {ibid.  1903,  615), 
by  reducing  cuprammonium  sulphate  with 
hydroxylamine.  Pechard  has  made  ammonio- 
cuprous  sulphate  Cu2S04'4]S[H3  {ibid.  1903,  504). 

Cuprous  sulphide  CuaS  occurs  as  chalcoite  or 
copper  glance.  It  may  be  prepared  by  heating 
copper  to  redness  in  sulphur  vapour,  or  by  heat- 
ing a mixture  of  copper  and  sulphur.  It  melts 

at  1130°'D^o  5; 785.  It  is  dimorphous,  and  has 

an  inversion  temperature  at  91°. 

Cupric  chloride  CuClg  may  be  prepared  as  a 
fused,  liver-coloured,  anhydrous  mass  by  heat- 
ing copper  in  excess  of  chlorine.  In  solution  it 
may  be  prepared  by  dissolving  the  oxide  in 
hydrochloric  acid.  It  crystallises  in  grass-green 
prisms  or  needles  containing  2 molecules  of 
water.  They  become  pale-blue  when  dried  in 
vacuo.  The  anhydrous  salt  is  obtained  on 
gradual  addition  of  a large  excess  of  cone, 
sulphuric  acid  to  a solution  of  the  chloride 
(Viard,  Compt.  rend.  1902,  135,  168). 

Cupric  chloride  is  very  deliquescent,  and  is 
soluble  in  alcohol.  When  a small  quantity  of 
potash  is  added  to  the  aqueous  solution,  a pale- 
blue  basic  oxychloride  2Cu0‘CuCl2,4H20  is 
precipitated.  It  turns  to  a black  anhydrous 
powder  when  heated,  but  again  becomes  green 
with  absorption  of  3 molecules  of  water  when 
moistened.  It  is  an  intermediate  product  in  the 
manufacture  of  verditer  {v.  Copper  carbonates). 

Cupric  chloride  is  used  in  calico  printing,  in 
the  manufacture  of  methyl  violet,  and  for  the 
oxidation  of  Cutch  colours. 

Green  has  shown  that  the  chloride  is  a very 
effective  disinfectant  (Zeitsch.  fiir  Hygiene), 
1893,  495). 

When  cupric  chloride  solution  is  mixed  with 
excess  of  potassium  thiocyanate  solution,  cupric 
thiocyanate  Cu(CNS)2  is  produced.  This  is 


slowly  acted  on  by  water  and  is  ultimately 
reduced  to  cuprous  thiocyanate  CuCNS  with 
formation  of  carbon  dioxide,  ammonia,  carba- 
mide, hydrogen  cyanide,  thiocyanic  and  sul- 
■ phuric  acids  (Philip  and  Bramley,  Chem.  Soc. 
Trans.  1916,  109,  597). 

Cupric  bromide  CuBrg  is  obtained  by  dissolv- 
ing cupric  oxide  in  hydrobromic  acid  and  eva- 
porating in  vacuo.  It  is  dark- coloured,  very 
deliquescent,  and,  when  heated,  decomposes  into 
cuprous  bromide  and  bromine.  It  is  used  as  an 
intensifier  in  photography,  and  for  that  purpose 
is  made  by  dissolving  in  water  a mixture  of  anhy- 
drous copper  sulphate  and  potassium  bromide 
(Akt.  Ges.  f.  Anilinfabr.  D.  R.  P.  201168,  1907). 

Cupric  sulphate,  Blue  vitriol  CuS04,5H20, 
occurs  naturally  at  Copaquire,  Chile,  the  rock 
containing  over  12  p.c.  of  the  hydrated  salt 
(Walker,  Eng.  and  Min,  J.  1903,  710).  This 
salt  may  be  prepared  by  dissolving  copper  or 
its  oxide  in  sulphuric  acid. 

It  is  prepared  on  the  large  scale  from  metallic 
copper  in  the  following  way  ; Old  copper  plates 
from  the  sheathing  of  ships,  &c.,  are  heated  to 
strong  redness  in  a reverberatory  furnace,  and  an 
excess  of  sulphur  is  thrown  in  and  the  doors  are 
closed.  When  combination  is  complete,  the  doors 
are  reopened  and  the  heat  is  raised  to  dull  redness 
to  oxidise  the  sulphide  into  sulphate.  The 
mass,  while  hot,  is  thrown  into  dilute  sulphuric 
acid,  allowed  to  settle,  the  solution  decanted, 
concentrated,  and  crystallised.  The  sulphate  so 
produced  is  of  considerable  purity.  Coarse 
copper  and  copper  glance  or  other  sulphurous 
copper  ores  are  similarly  treated.  Pauffin  and 
Convert  have  patented  a process  for  the  direct 
manufacture  of  the  sulphate  from  the  metal 
(Fr.  Pat.  399413,  1909).  {See  also  Walker, 
U.S.  Pat.  788862,  1905). 

When  much  iron  is  present,  as  in  most  copper 
ores  and  especially  in  copper  p3rrites,  it  would  be 
impossible  to  separate  the  copper  and  ferrous 
sulphates  by  crystallisation,  because,  although 
copper  sulphate  crystallises  normally  with  5 
molecules  of  water,  it  forms,  in  presence  of 
ferrous  sulphate,  crystals  isomorphous  with  that 
salt  and  containing  7 molecules  of  water. 
By  carefully  adjusting  the  temperature  at  which 
the  sulphide  is  roasted,  however,  the  iron  salt 
may  be  converted  into  the  oxide  while  the 
copper  sulphate  remains  almost  unaffected.  The 
iron  may  be  removed  by  heating  the  solution  of 
the  sulphates  to  180°  in  a copper  boiler  under 
pressure.  Ferrous  sulphate  crystallises  out  and 
is  filtered  off  (Gin,  Fr,  Pat.  328800,  1903).  The 
iron  may  be  oxidised  and  thus  separated  from 
the  copper  by  boiling  the  solution  with  a little 
nitric  acid.  It  may  also  be  precipitated  as  oxide 
by  boiling  with  copper  oxide,  or  by  boiling  with 
lead  peroxide  with  subsequent  addition  of  a little 
barium  carbonate. 

Crude  copper  or  the  ore  may  be  roasted  in 
air,  and  then  treated  with  sulphur  dioxide  to 
form  the  sulphate  (Gin,  Zeitsch.  angew.  Chem. 
1903,  566  ; Eng.  Pat.  5230,  1903). 

Harier  has  patented  a process  in  which 
cupric  chloride  is  formed  by  the  action  of  chlorine 
and  water  on  the  metal,  and  is  then  decomposed 
by  sulphuric  acid,  with  formation  of  the  sulphate 
and  regeneration  of  hydrochloric  acid  (Fr.  Pat. 
350421,  1904). 

When  the  sulphate  is  required  for  purposes 
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where  the  presence  of  iron  is  not  injurious,  such 
liquors,  or  the  mother  liquors  from  which  the 
purer  salt  has  been  separated,  may  be  at  once 
crystallised  out,  with  the  formation  of  crystals 
containing  both  iron  and  copper.  Much  of  the 
‘ agricultural  cop'per  sulphate  ’ is  of  this  class. 
The  ‘ Salzburg  vitriol,’’  prepared  at  Buxweiler, 
also  contains  both  iron  and  copper.  Accord- 
ing to  Lefort  (Compt.  rend.  26,  185),  it  consists 
of  CuS04'3FeS04,28H20.  ‘ Cyprian  vitriol,’ 

prepared  at  Chessy  from  zinciferous  copper  ores, 
forms  blue  rhombic  prisms,  which  contain  ac- 
cording to  Lefort,  CuS04'3ZnS04,28H20. 

The  copper  may  be  separated  from  the  fer- 
rous mother  liquors  by  placing  them  in  vats 
containing  iron  plates  upon  which  the  copper  is 
slowly  deposited. 

Apparatus  for  the  solution  of  copper  oxide 
in  sulphuric  acid  upon  a large  scale  has  been 
described  by  Coste  (Fr.  Pat.  392617,  1908). 
If  copper  be  known  to  contain  silver  or  gold,  as 
is  the  case  with  that  from  the  Harz,  it  is  treated 
with  sulphuric  acid  diluted  with  its  own  volume 
of  water,  the  copper  being  thus  dissolved  while 
the  silver  and  gold  are  unattacked. 

Argentiferous  copper  ores  are  roasted  in  a 
reverberatory  furnace,  and  added  in  small 
charges  to  sulphuric  acid  and  digested  until  the 
solution  contains  but  little  free  acid.  The  solu- 
tion is  then  decanted  from  the  precipitated  lead 
and  gold,  and  is  concentrated  and  run  into  lead- 
lined  tanks  containing  plates  of  copper,  upon 
which  all  the  silver  and  part  of  the  antimony 
and  arsenic  are  deposited,  while  the  greater  pro- 
portion of  the  bismuth  is  precipitated  as  a basic 
sulphate,  and  the  iron  is  reduced  to  the  ferrous 
condition.  The  liquor  is  then  crystallised,  the 
mother  liquors  being  used  for  treating  a fresh 
quantity  of  ore.  Copper  sulphate  is  obtained  of 
great  purity  and  in  considerable  quantity  in  the 
refining  of  silver  by  precipitating  it  upon  plates  of 
copper  from  its  solution  as  sulphate  {v.  Silver). 

An  electrolytic  process  for  the  production  of 
the  sulphate  consists  in  using  a solution  of 
sodium  sulphate  and  copper  electrodes,  a current 
of  carbon  dioxide  being  passed  through  the 
liquid.  Copper  is  dissolved  from  the  anode  as 
sulphate,  while  sodium  carbonate  is  produced  at 
the  cathode.  These  react,  regenerating  sodium 
sulphate  and  precipitating  copper  carbonate, 
which  is  collected  and  dissolved  in  sulphuric 
acid  (Kroupa,  J.  Soc.  Chem.  Ind.  1906,  78). 

Palas  and  Cotta  have  also  described  electro- 
lytic processes  for  the  production  of  the  salt 
(Eng.  Pat.  9806,  1899,  and  17485,  1900). 

The  electrolytic  production  of  the  sulphate 
from  ‘ cement  copper  waters  ’ hais  been  described 
by  Rambaldini  (Chem.  Zentr.  1909,  i.  1675). 

It  is  stated  that  copper  sulphate  is  sometimes 
adulterated  with  ferrous  sulphate  and  Prussian 
blue  to  the  extent  of  90  p.c.  (J.  Soc.  Chem.  Ind. 
1900,  84). 

Copper  sulphate  crystallises  in  large  trans- 
parent blue,  doubly  oblique  rhombic  prisms  of 
sp.gr.  2 '28,  of  the  formula  CuS04,5H20.  Ac- 
cording to  Poggiale,  their  solubility  in  100  parts 
of  water  is  : 

10°C.  20°  30°  40°  50° 

36*59  42*31  48*81  56*9  65*83 

70°  80°  90°  100° 

94*60  118*0  166*44  203*32 


When  heated,  it  loses  2 molecules  of  water  at 
30°,  2 more  at  93°-98°,  and  at  232°  becomes 
anhydrous,  white,  and  hygroscopic,  and  com- 
bines with  water  with  considerable  evolution  of 
heat.  At  341°  the  anhydrous  salt  begins  to 
decompose  (Wanjukow,  Chem.  Zentr.  1909,  ii. 
1124).  The  sp.gr.  of  the  anhydrous  salt  is 
3*606  (Thorpe  and  Watts).  It  combines  with 
water  in  alcohol  and  other  organic  liquids  with 
production  of  a blue  colour,  and  may  be  used 
for  ascertaining  the  presence  of  water  in  those 
substances,  but  the  test  is  not  delicate.  The 
anhydrous  salt  is  also  soluble  in  anhydrous 
methyl  alcohol,  and  produces  a bluish-green 
solution  (Klepl,  J.  pr.  Chem.  1882,  25,  526). 

Copper  sulphate  absorbs  hydrogen  chloride 
with  evolution  of  heat,  forming  cupric  chloride 
and  liberating  sulphuric  acid.  It  is  therefore 
used  to  remove  hydrogen  chloride  from  such 
gases  as  chlorine  or  carbon  monoxide.  A similar 
reaction  occurs  in  solution. 

When  mixed  in  solution  with  molecular  pro- 
portions of  potassium  and  other  sulphates,  it 
produces  well-defined,  crystalline  double  sul- 
phates. Several  basic  sulphates  are  known. 

The  sulphate  is  the  most  important  of  the 
copper  salts.  It  is  largely  used  in  calico  print- 
ing, principally  in  connection  with  potassium 
dichromate  or  iron  mordants  ; in  black  dyeing 
with  logwood  ; directly  or  indirectly  for  the  pre- 
paration of  most  pigments  containing  copper  ; 
and  to  prevent  rot  in  timber.  In  agriculture  the 
crude  sulphate  containing  ferrous  sulphate  is 
used  to  a considerable  extent  to  prevent  smut  in 
seeds.  The  seeds  are  soaked  for  some  hours  in  a 
weak  solution  of  the  sulphate,  and  are  sown 
within  24  hours. 

A 10-20  p.c,  solution  of  copper  sulphate, 
preferably  mixed  with  lime,  is  applied  to  vines 
with  great  benefit.  A small  quantity  is  found 
in  the  vines  and  must,  but  the  tannin  and 
sulphur  introduced  before  fermentation  appear 
to  remove  it  in  most  cases. 

Karsten  has  stated  {v.  J.  Soc.  Chem.  Ind. 
1896,  367)  that  attacks  of  illness  resembling 
dysentery  have  been  caused  by  a wine  which 
contained  copper  in  such  quantity  as  to  give  a 
visible  deposit  on  steel  in  12  hours.  Its  presence 
was  due  to  spraying  the  vines  with  a copper  salt. 

An  efi^ective  wash  for  vines  is  prepared  by 
boiling  25  parts  of  sodium  carbonate  and  25 
parts  of  rosin  in  100  parts  of  water,  and  then 
diluting  and  adding  copper  sulphate  (J.  Soc. 
Chem.  Ind,  1899,  155). 

Copper  sulphate  is  used  in  preparing  copper 
ferrocyanide,  a solution  of  which,  in  potassium 
citrate  solution,  is  used  as  a toning-bath  for 
photographs  (Ferguson’s  Copper  Toning,  ibid. 
1900,  465). 

Copper  sulphate  is  also  used  in  dyeing  to 
make  diazo-  colours  permanent  to  light.  The 
dyed  fabric  may  be  treated  with  the  salt 
(Graebling,  ibid.  1905,  797),  or  it  may  be 
added  to  the  diazotising  bath  (Grossmann, 
Farber-Zeit.  9,  328). 

Cupro-tetrammonium  thiosulphate  CuSgOg 
(NH3)4,  has  been  proposed  as  an  ingredient  of 
detonator  compositions,  which  although  less 
sensitive  are  alleged  to  possess  advantages  over 
mercury  fulminate  compositions,  as  being 
cheaper,  less  unhealthy,  simpler,  and  less  dan- 
1 gerous  to  manufacture.  The  thiosulphate  is 
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made  by  adding  excess  of  strong  ammonia 
solution  to  a hot  saturated  solution  of  cojjper 
sulphate,  and  thereafter  adding  an  equivalent 
amount  of  sodium  thiosulphate,  dissolved  in 
hot  water.  The  salt  separates  out  as  the  solu- 
tion cools  ; it  is  washed  with  a weak  solution 
of  ammonia,  and  dried  at  a temperature  not 
exceeding  50°.  The  violet-blue  crystals  are 
slightly  soluble  in  water,  not  hygroscopic, 
insensitive  to  light,  and  very  stable.  Com- 
positions suitable  for  various  purposes  are  made 
by  mixing  with  potassium  chlorate,  powdered 
glass,  antimony  trisulphide  and  lead  thiosul- 
phate (Herz,  Zeitsch.  ges.  Schiess.  u.  Spreng- 
stoffw.  1912,  7,  284  ; J.  Soc.  Chem.  Ind.  1912, 
31,  903). 

Potassium  copper  nitrite  K3Cu(N02)6  is 
obtained  by  mixing  cold  saturated  solutions  of 
copper  sulphate  and  potassium  nitrite,  adding 
methyl  alcohol,  filtering,  and  adding  ethyl 
acetate  to  the  clear,  green  filtrate  when  long 
crystals  of  the  salt  separate.  Rubidium  copper 
nitrite  of  similar  composition  may  be  obtained 
in  like  manner  (Kurtenacker,  Zeitsch.  anorg. 
Chem.  1913,  82,  204).  Basic  copper  nitrites 
3Cu(0H)2-Cu(N02)2  and  2Cu(0H)2-Cu(N02)2 
are  also  known. 

Cupric  nitrate  Cu(N03)2  may  be  prepared 
by  dissolving  copper  or  the  oxide  or  carbonate  in 
nitric  acid.  The  solution  at  temperatures  above 
20°  deposits  dark-blue  crystals  containing  3 
molecules  of  water,  which  melt  at  114  *5°  and 
boil  at  170°  with  evolution  of  nitric  acid  and 
formation  of  a green  basic  salt.  This  basic  salt 
may  also  be  prepared  by  boiling  the  solution  of 
the  nitrate  with  copper  or  copper  hydrate,  or  with 
a little  alkali  [v.  also  Copper  carbonates  for 
an  application  of  the  basic  nitrate). 

The  anhydrous  salt  may  be  obtained  by  the 
action  of  nitric  anhydride  on  the  hydrated  salt. 
It  is  a white,  deliquescent  powder,  decomposing 
at  155°-160°  (Guntz  and  Martin,  Bull.  Soc.  chim. 
1909,  5,  1004). 

Copper  nitrate  is  used  to  a slight  extent  in 
dyeing  and  calico  printing,  and  a solution,  pre- 
pared by  mixing  solutions  of  copper  sulphate  and 
calcium  nitrate,  is  used  in  viticulture  (Gouthiere 
et  Cie  and  P.  Ducancel,  Fr.  Pat.  395806,  1908). 

Cupric  sulphide  CuS  occurs  as  covelite  or 
indigo  copper  in  blue  flexible  plates,  in  Vesuvian 
lava,  in  Chile,  and  in  the  copper-mines  of  Mans- 
feld.  It  may  be  prepared  by  heating  cuprous  i 
sulphide  with  sulphur  at  a temperature  not 
above  the  boiling-point  of  sulphur  ; by  digesting 
cuprous  sulphide  with  cold  strong  nitric  acid  ; 
or  by  precipitating  a copper  solution  with  sulphu- 

retted  hydrogen  4 '68.  On  the  large  scale  it 

is  obtained  as  a paste  by  precipitating  a solution 
of  the  sulphate  with  sodium  sulphide.  This  paste 
is  used  in  calico  printing  for  the  development  of 
aniline  black. 

The  preparation  and  use  of  copper  sulphide 
for  thermo-couples  has  been  described  (Eng. 
Pat.  11300,  1905). 

Rieder  has  used  (Zeitsch.  Elektrochem. 
1902,  370)  an  electrolytic  method  for  the  pre- 
paration of  this  compound. 

A brownish-red  persulphide  of  copper  has 
been  obtained  by  Bodroux  by  adding  a solution 
of  calcium  pentasulphide  to  a solution  of  copper 
acetate  at  0°  (Compt.  rend.  130,  1397). 


' Copper  acetate  v.  Metallic  acetates,  art. 
I Acetic  acid. 

Copper  arsenite  v.  Schede's  green,  art. 
Arsenic. 

Cupric  phosphate  is  of  no  technical  interest. 
A brilliant  green  colour  containing  a basic  phos- 
phate, prepared  by  heating  a mixture  of  copper 
acetate,  sodium  phosphate,  and  ammonia,  has, 
however,  been  used  in  calico  printing  (Bour- 
cart,  Mon.  Sci.  [3]  4). 

Phosphorus  combines  in  several  proportions 
with  copper,  and  produces  true  alloys,  which  in 
many  cases  are  of  great  value. 

Heyn  and  Bauer  state  that  th6  phosphorus 
exists  in  the  alloy ^as  CU3P  and  Cu^Pg  (J.  Soc. 
Chem.  Ind.  1906,  1047).  The  latter  compound 
has  been  obtained  by  Rubenovitch  by  the  action 
of  phosphine  on  copper  sulphate  (Compt.  rend. 
127,  270). 

Copper  silicide  {Cuprosilicon)  Cu4Si  is  ob- 
tained when  copper  and  silicon  are  heated 
together  in  the  electric  furnace  (Vigouroux, 
Compt.  rend.  1896,  122,  318 ; Lebeau,  ibid. 

1906,  142,  154).  It  is  now  manufactured  in 
Germany  and  America  by  this  process  (Stein- 
hart,  Eng.  and  Min.  J.  1899,  67,  710),  and  is 
used  for  purifying  and  hardening  copper,  and 
for  adding  to  tin-,  zinc-,  and  aluminium- 
bronzes  to  increase  their  tensile  strength  and 
hardness. 

Cuprosilicon  can  be  prepared  pure  by  heating 
together  17  parts  silicon  and  9 parts  copper  in 
hydrogen,  and  removing  the  excess  of  silicon  by 
solution  of  sodium  carbonate.  It  is  silver- 
white,  with  a metallic  lustre,  and  is  hard  and 
brittle.  The  sp.gr.  is  7 '58,  and  it  is  attacked 
by  chlorine  and  aqua  regia  (Vigouroux,  Compt. 
rend.  1906,  142,  87  ; see  also  Philips,  MetaUurgie, 

1907,  4,  587  ; and  Lebeau,  ibid.  141,  828). 

Copper  carbonates.  The  normal  salt  has  not 

been  prepared,  but  several  basic  carbonates  are 
known,  and  used  as  blue  and  green  pigments. 
Basic  copper  carbonate  occurs  native  as  mala- 
chite Cu(H0)2'CuC03,  and  as  azurite  or  chessylite 
Cu(H0)2’2CuC03.  When  ground,  these  minerals 
form  a fine  but  expensive  pigment. 

An  anhydrous  basic  carbonate  is  precipitated 
on  addition  of  a solution  of  sodium  carbonate 
to  a hot  solution  of  copper  sulphate  or  nitrate. 
(For  a complete  description  of  all  the  known 
basic  carbonates  of  copper,  see  Pickering,  Chem. 
i Soc.  Proc.  1909,  188.  Cf.  Bunnicliff  and  Lai, 
Chem.  Soc.  Trans.  1918,  113,718.)  Commercial 
basic  carbonates  of  copper  differ  considerably 
in  composition  : the  amount  of  carbon  dioxide 
present  is  below  that  required  for  malachite  or 
azurite.  A definite  basic  salt  is  known  of  the 
composition  2CuC03,5Cu(0H)j. 

Under  the  names  V erditer  green,  Verditer  blue, 
Bremen  green,  and  Bremen  blue,  this  salt  is  largely 
prepared  for  paper  staining,  &c.  According 
to  Habich  (Technologiste,  17,  413),  the  follow- 
ing processes  are  in  use.  A hundred  parts 
of  old  copper  sheathing  from  which  impurities, 
oxide,  &c.,  have  been  removed  by  digestion 
in  dilute  sulphuric  acid,  is  cut  into  pieces  and 
mixed  with  a paste  formed  by  moistening  a 
mixture  of  99  parts  potassium  sulphate  and  100 
parts  common  salt,  and  the  mixture  is  stirred 
occasionally  for  some  months  to  ensure  thorough 
exposure  to  the  atmosphere.  The  action  appears 
to  consist  in  the  production  of  cupric  chloride. 


COPYING  OR  INDELIBLE  INK  PENCILS. 


373 


which,  in  presence  of  the  metal,  becomes  eon- 
verted  into  a basic  chloride,  and  finally,  by  the 
action  of  the  oxygen,  into  an  oxychloride.  If 
the  oxidation  be  incomplete,  the  subchloride  is 
not  completely  oxidised,  and,  as  it,  when  subse- 
quently decomposed  by  alkali,  gives  an  orange- 
red  precipitate  of  suboxide,  the  pigment  would 
be  lowered  in  value.  The  oxychloride  may  also 
be  similarly  prepared  from  a mixture  of  100 
parts  copper,  60  parts  common  salt,  and  30  parts 
strong  sulphuric  acid  diluted  with  three  times 
its  volume  of  water ; or  by  treatment,  with  free 
atmospheric  exposure,  of  copper  with  a solution 
of  cupric  chloride  in  hydrochloric  acid. 

To  100  kilos,  of  this  thick  magma  of  oxy- 
chloride, which  has  been  washed  by  decantation, 
a concentrated  solution  containing  7 kilos,  copper 
sulphate  and  40  kilos,  concentrated  soda  solution 
(32°-36°Be.)  is  added.  The  mixture  is  vigo- 
rously stirred  and  poured  at  once  into  150  kilos, 
of  soda  solution  (20°Be.).  The  precipitate  is 
washed,  passed  through  a fine  hair  sieve,  and 
. dried  spontaneously  or  at  a temperature  below 
25°.  If  hot  air  be  used  in  the  drying,  it  must 
be  quite  free  from  acid  or  sulphur  gases.  To 
produce  the  finest  colour,  desiccation  must  be 
perfect. 

Habich  recommends  the  following  process 
for  making  a verditer  which  has  a very  different 
composition  from  the  above.  A solution  of 
copper  oxide  in  nitric  acid  is  treated  with  potas- 
sium carbonate,  which  is  added  in  portions  until 
most,  but  not  all,  the  copper  has  been  preci- 
pitated, The  green  precipitate  is  washed  and 
introduced  into  a solution  of  copper  nitrate 
whereby  it  is  converted  into  a heavy  green  in- 
soluble basic  nitrate.  This  is  digested  in  a 
solution  of  potassium  zincate  (formed  by  dis- 
solving zinc  in  caustic  potash  solution).  A dark- 
blue  pigment,  of  great  ‘ body  ’ but  little  weight, 
is  thus  produced.  It  contains  zinc  and  copper, 
apparently  combined  as  a double  oxide  or  as 
‘ copper  zincate,’  and  a small  quantity  of  basic 
copper  nitrate. 

Verditer  may  be  prepared  by  agitating  a 
solution  of  copper  nitrate  with  chalk.  The 
washed  pasty  precipitate  is  mixed  with  8-10  p.c. 
of  freshly  burnt  lime  with  production  of  a fine 
velvety  blue  pigment.  The  precipitate  without 
addition  of  lime  is  green. 

According  to  Gen  tele,  the  following  process 
is  adopted  at  Bremen,  Cassel,  &c.  ; 225  lbs. 
sea  salt  and  222  lbs.  blue  vitriol,  both  free 
from  iron,  are  mixed  dry  and  ground  between 
millstones  with  water  to  a thick  paste.  This 
paste  is  mixed  in  strata  with  225  lbs.  of  clean 
copperplate  cut  into  pieces  about  1 inch 
square,  in  wooden  chests  made  without  nails, 
and  the  mixture  is  digested  for  about  3 months 
with  the  maximum  exposure  to  air,  the  whole 
being  well  mixed  and  exposed  about  once  a 
week.  When  the  action  is  complete,  the  un- 
dissolved metal  is  removed  and  the  precipitate 
is  washed  with  a minimum  of  water,  filtered 
and  thrown  into  a tub.  To  180  lbs.  of  the 
magma  12  lbs.  of  hydrochloric  acid  (13°Be.)  is 
added,  and  the  mixture  is  stirred  and  left  for 
24  or  36  hours.  Six  volumes  of  this  solution  is 
mixed  with  15  volumes  of  caustic  alkali  (19°Be.) 
followed  after  an  interval  by  6 volumes  of  water. 
The  mass  is  well  mixed  and  left  for  36-48  hours, 
and  is  then  well  washed  by  decantation,  filtered. 


exposed  for  some  time  in  a moist  condition  to 
the  air,  and  finally  dried  {v.  also  Copper  mon- 

COPPER-GLANCE  or  Chalcocite.  Native 
cuprous  sulphide  CugS,  crystallising  in  the 
orthorhombic  system.  Excellent  twinned  crys- 
tals were  formerly  found  in  abundance  in  the 
neighbourhood  of  Redruth  in  Cornwall  (hence 
the  name  redruthite)  and  Bristol  in  Connecticut ; 
usually,  however,  the  mineral  is  found  as  com- 
pact masses.  It  is  iron-black  with  metallic 
lustre,  but,  on  exposure  to  light,  it  soon  becomes 
dull  with  a powdery  black  coating.  It  is  soft 
(H.  2^)  and  sectile,  and  can  be  readily  cut 
with  a knife ; sp.gr.  5 ’7.  It  occurs  in  veins  of 
copper  ore,  and  is  often  of  importance  as  an  ore, 
especially  when  it  contains  small  amounts  of 
silver.  Isomorphous  with  copper-glance  is  the 
mineral  stromeyerite  (Ag,Cu)2S,  which  has  been 
found  in  considerable  quantities  in  the  Altai 
Mountains  in  Siberia.  L.  J.  S. 

COPPER  PAINT  V.  Copper. 

COPPER  PYRITES  or  Chalcopyrite.  A sub 
phide  of  copper  and  iron  CuFeSg,  containing 
when  pure  34 ’5  p.c.  of  copper,  and  the  most 
important  of  the  ores  of  copper.  It  has  a 
characteristic  brassy-yellow  colour  with  metallic 
lustre,  and  on  the  surfaces  often  displays  a 
brilliant  iridescent  tarnish  (peacock-copper-ore). 
It  often  occurs  together  with,  and  intimately 
intermixed  with,  iron  pyrites,  from  which  it  can 
be  distinguished  by  its  deeper  colour  and  lower 
degree  of  hardness  ; copper  pyrites  (H.  3^-4)  is 
readily  scratched  with  a knife,  giving  a greenish- 
black  powder,  whilst  iron  pyrites  (H.  6-6^)  is 
scratched  only  with  difficulty  or  not  at  all. 
It  occurs  in  mineral-veins  and  in  bedded  deposits, 
and  by  its  alteration  gives  rise  to  many  secondary 
copper  minerals.  Crystals  are  tetragonal  with 
inclined  hemihedrism,  but  only  rarely  are  they 
distinctly  developed  ; sp.gr.  4 ’2.  L.  J.  S. 

COPRA  and  COPRA  OIL  v.  Coco-nut 

OIL. 

COPROLITES.  Concretionary  mixtures  of 
calcium  phosphate  and  calcium  carbonate,  de- 
rived from  the  excrements  of  certain  extinct 
fishes  and  reptiles.  Formerly  much  used  in 
the  manufacture  of  superphosphate  of  lime  {v. 
Fertilizers). 

COPROSMA.  The  bark,  and  more  especially 
the  roots,  of  the  C.  grandijiora,  C.  linariijolia, 
and  C.  areolata,  which  belong  to  the  natural 
family  of  the  Rubiacce,  and  are  widely  distri- 
buted in  New  Zealand,  possess  tinctorial  pro- 
perty (Aston,  New  Zealand,  J.  Sci.  Tech.  1918, 
1,  3),  and  being  related  to  madder  probably 
contain  either  alizarin  itself  or  an  allied 
colouring  matter.  Thus  an  alcoholic  extract 
of  the  C.  grandiflora  is  coloured  purple  by  alkali, 
and  becomes  yellow  on  addition  of  acid.  From 
the  acid  solution,  by  means  of  ether,  an  orange- 
yellow  crystalline  substance  can  be  isolated  in 
small  amount.  A.  G.  P. 

COPYING  or  INDELIBLE  INK  PENCILS. 
Unlike  iron-gall  copying-inks,  which  will  only 
yield  good  copies  for  a relatively  short  time 
after  writing,  solutions  of  aniline  dyestuffs 
produce  writing  from  which  copies  may  be 
taken  at  any  subsequent  period.  In  copying- 
ink  pencils  the  aniline  dyestuff,  usually  methyl 
violet,  is  incorporated  with  graphite,  kaolin 
clay  or  other  basic  material.  The  preparation 
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of  pigments  for  this  purpose  was  claimed  by 
Petit  (Eng.  Pat.  4090  of  1874),  and  their  com- 
position was  first  described  by  Viedt  (Dingl. 
poly,  J.  1875,  216,  96).  At  the  present  time 
these  pencils  are  seldom  employed  for  copying 
purposes,  and  their  chief  use  is  as  a substitute 
for  ink,  since  they  produce  a writing  which  cannot 
be  erased  so  readily  as  the  marks  of  a lead  pencil. 
Hence  they  are  frequently  described  as  indelible 
pencils,  although  the  description  is  only  rela- 
tively correct.  Lehner  (Ink  Manufacture,  1902, 
p,  125)  gives  the  composition  of  four  kinds  of 
these  pencils  made  by  Faber  in  Bavaria.  The 
aniline  dyestuff  ranged  from  25 ’5  to  50  p.c., 
graphite  from  24'5  to  37‘5  p.c.,  and  kaolin  clay 
from  12 ‘5  to  50  p.c. 

Specimens  of  these  pencils  examined  by 
Mitchell  (Analyst,  1917,  42,  1)  had  the  following 
composition  ; — 


Origin 

Mois- 

ture 

Residue 
insol.  in 
water  or 
alcohol 

i 

Dyestuff 

Loss  on 
ignition 
(gra- 
phite, 
&c.) 

Ash 

(kaolin, 

&c.) 

American 

p.c. 

2-35 

p.c. 

76-45 

p.c. 

21-20 

p.c. 

27-09 

p.c. 

47-36 

>> 

7-48 

51-53 

40-99 

25-48 

31-92 

2-30 

60-89 

36-81 

56-84 

4-05 

J J 

3-75 

63-95 

32-30 

13-90 

50-05 

Austrian 

3-56 

47-14 

49-94 

44-14 

3-00 

British 

2-72 

65-48 

31-80 

62-08 

3-40 

4-53 

73-05 

22-42 

69-17 

3-88 

German 

3-72 

64-48 

31-80 

11-86 

52-86 

6-33 

59-83 

33-84 

7-61 

52-22 

3*83 

57-59 

38-58 

40-01 

i 

17-58 

Pigments  used  in  copying-ink  pencils  may 
be  classified  into  four  main  groups — viz,  (1) 
those  composed  of  graphite  and  dyestuff  only  ; 
(2)  those  in  which  the  dyestuff  has  been  in- 
corporated with  approximately  equal  propor- 
tions of  kaolin  and  graphite  ; (3)  those  in  which 
the  kaolin  is  largely  in  excess  ; and  (4)  those  in 
which  the  graphite  predominates.  The  dyestuff 
is  usually  methyl  violet,  but  copying-ink  pencils 
in  which  red  or  blue  aniline  dyes  are  used  are 
also  sold. 

The  copying  properties  depend  not  only  on 
the  proportion  of  the  dyestuff,  but  also  on  the 
influence  of  the  basic  material.  Pencils  in 
which  a large  proportion  of  alumina  is  present 
yield  only  faint  copies,  even  when  the  pigment 
contains  a large  amount  of  the  dyestuff. 
Although  methyl  violet  is  usually  regarded  as 
a very  fugitive  dyestuff,  experiments  have 
shown  that  under  certain  conditions  the  writing 
done  with  these  pencils  is  more  permanent 
than  writing  done  with  ordinary  ink. 

C.  A.  M. 

CORAL  is  the  calcareous  substance  secreted 
by  many  varieties  of  five  kinds  of  organisms, 
viz.  (1)  Actinozoa,  the  principal  constituents  of 
coral  reefs  ; (2)  Hydrozoa,  the  large  common 

corals  known  as  millepores  ; (3)  Bryozoa, 

delicate  corals  in  various  forms,  resembling 
mosses,  branches,  thin  filamentary  deposits,  or 
more  solid  masses  (in  the  Palaeozoic  limestone 
formations  this  species  of  coral  abounds)  ; (4) 
Foraminifera,  chambered  shells  belonging  to 


lowly  organisms,  mostly  of  very  minute  size  ; 
(5)  Nvlliporcs,  which,  although  closely  resembling 
millepores,  are  veritable  algae  or  sea-weeds ; 
they  may  be  readily  distinguished  from  the 
millepores  by  the  a.bsence  of  perforations. 

Coral  is  simply  a secretion  corresponding  to 
the  bone  of  vertebrates  or  the  shell  of  mollusca, 
and  is  composed  almost  entirely  of  calcium  car- 
bonate derived  from  sea-water  and  from  the 
food  of  the  coral-making  pol3rps. 

Ordinary  coral  is  somewhat  harder  than 
limestone  or  marble,  and,  when  tapped  with  the 
hammer,  gives  out  a ringing  sound  clearer  than 
is  elicited  from  ordinary  calcium  carbonate.  The 
sp.gr.  of  15  specimens  examined  by  Silliman, 
averaged  2 '523. 


Composition  op  Coral, 

S.  P.  Sharpies  (Amer.  J.  Sci.  31,  168)  found 


Calcium 

carbonate 

1 

Calcium 

phos- 

phate 

Water 

and 

organic 

matter 

Oculina  arhuscula, 
N.  Carolina 

95-37 

0-84 

3-79 

Manicina  areolata, 
Florida 

96-54 

0-50 

2-96 

Agaricia  agaricites, 
Florida 

97-73 

0-53 

1-64 

Siderastrcea  radians, 
Florida 

97-30 

0-28 

2-42 

Madrepora  cervicor- 
nis,  Florida 
Madrepora  palmata, 
Florida 

98-07 

0-32 

1-93 

97-19 

0-78 

2-81 

Small  and  variable  quantities  of  magnesium 
carbonate,  calcium  sulphate,  calcium  fluoride, 
alkaline  chloride,  silica,  and  oxide  of  iron  are 
found  in  corals. 

The  red  coral,  Corallium  rubrum,  varies  in 
colour  from  crimson  to  rose,  the  latter  being 
the  rarest  and,  therefore,  the  most  prized.  It  is 
gathered  from  the  rocky  bottom  and  shores  of 
the  Mediterranean ; and  it  occurs  most  abun- 
dantly at  a depth  of  25-50  feet ; although, 
according  to  Dana,  it  may  be  found  as  deep  as 
1000  feet.  Forchhammer  found  2'1  p.c.  mag- 
nesia in  Corallium  rtibrum,  and  6*36  in  Isis 
hippuris.  According  to  Trommsdorff,  the  red 
pigment  of  coral  is  a resin  soluble  in  oil  of 
turpentine,  and,  after  removal  from  the  coral  by 
this  solvent,  is  easily  soluble  in  alcohol  and 
ether,  but  insoluble  in  caustic  potash.  In  a red 
madrepore,  Vauquelin  found  a red  colouring 
matter,  which  was  turned  violet  by  alkalis. 
Moseley  has  described  in  some  corals  and  allied 
organisms  a red  colouring  matter  [Poly 'porphyrin) 
which  is  insoluble  in  water,  glycerol,  alcohol, 
ether,  and  in  strong  solutions  of  ammonia  and 
potash.  It  is  soluble  in  moderately  strong  sul- 
phuric, nitric,  or  hydrochloric  acids.  For  the 
formation  and  distribution  of  coral  and  coral- 
reefs,  &c.  V.  Corals  and  Coral  Islands,  J.  D.  Dana; 
Coral-Reefs,  Darwin  ; Murray,  in  Proc.  Roy.  Soc. 
Edinb.  1880,  505.  Bee,  also  Forchhammer, 

J.  Pharm.  Chim.  49,  52  ; J.  1847,  1291  ; 1849, 
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813  ; 1851,  865  ; 1852,  958-961  ; Sharpies,  lx.  ; 
Moseley,  Quart.  Journ.  Microscop.  Sci.  xvii. 
1877  ; also  Max  Bauer,  Edelsteinkundef,  2nd  ed. 
1909,  Eng'  trans.  Precious  Stones,  L.  J. 
Spencer,  1904. 

It  is  now  known  that  the  materials  con- 
stituting coral-reefs  sometimes  undergo  remark- 
able chemical  changes,  and  that  the  calcium 
carbonate  is  largely  replaced  by  magnesium 
carbonate  or  calcium  phosphate.  In  1846 
J.  D.  Dana  and  B.  Silliman  showed  that  the 
rock  of  an  upraised  coral-reef  in  the  Pacific 
contained  as  much  as  38  p.c.  of  magnesium 
carbonate.  The  deep  boring  made  in  the 
Atoll  of  Funafuti  in  1897-8,  yielded  a series 
of  cores,  of  which  a chemical  examination  was 
made  by  E.  W.  Skeats  and  Hart  Smith  in 
the  laboratories  of  the  Royal  College  of  Science. 
It  was  found  that  down  to  the  depth  of 
637  feet  dolomitization  had  only  gone  on  to  a 
small  extent,  the  proportion  of  magnesium 
carbojiate  never  exceeding  16  p.c.  ; but  the 
lower  portions  of  the  core  were  very  rich  in  the 
magnesium  salt,  containing  from  30  to  43  p.c., 
the  rock  thus  becoming  almost  a true  dolomite. 
A large  collection  of  coral  limestones  obtained 
by  Alex.  Agassiz,  from  reefs  in  the  Pacific, 
was  subsequently  examined  by  Skeats,  who 
showed  that  they  contained  var3dng  amounts 
of  magnesium  carbonate  up  to  nearly  42  p.c. 
Specimens  from  Christmas  Island  in  the  Indian 
Ocean  gave  similar  varying  results,  percent- 
ages of  magnesium  carbonate  up  to  over  43  p.c. 
being  found.  A coral  limestone  obtained  by 
boring  at  Key  West,  Florida,  yielded  to  G. 
Stieger,  in  the  laboratories  of  the  U.S.  Geological 
Survey,  over  14  p.c.  of  magnesium  carbonate. 

Coral  reefs  that  have  been  covered  by  deposits 
of  guano  are  found  to  have  their  carbonates 
largely  replaced  by  phosphates.  Thus  the  rocks 
of  the  coral  reef  known  as  Christmas  Island  in 
the  Indian  Ocean  have  been  largely  worked 
for  the  deposits  of  calcium  phosphate,  and 
Teall  has  shown  that  Clipperton  Atoll  in  the 
North  Pacific  contains  rocks  with  as  much  as 
38|^  p.c.  of  phosphoric  acid. 

(For  changes  in  the  chemical  composition  of 
coral  rock,  see  Dana  and  Silliman,  Amer.  J.  Sci. 
2,  i.  1846,  189  ; Judd,  Chemical  Examination 
of  Materials  from  Funafuti  in  ‘ the  Atoll  of 
Funafuti,’  Phil.  Trans.  1904,  362-389 ; Skeats, 
The  Chemical  Composition  of  Limestones  from 
Upraised  Coral  Islands,  Bull.  Mus.  Comp.  Zool. 
Harvard,  xlii.  1903,  53-126  ; Teall,  Quart.  Journ. 
Geol.  Soc.  liv.  1898,  230-232.) 

CORALLIN,  CORALLINPHTHALIN,  PHE- 
NOLCORALLIN  v.  Aunm. 

CORDIALS  and  LIQUEURS  are  spirituous 
compounds  flavoured  with  essences  obtained 
from  fruits,  herbs,  spices,  or  other  substances, 
usually  sweetened  with  sugar  or  glycerol,  and 
often  strongly  coloured.  They  are  manu- 
factured and  used  to  a much  greater  extent  in 
France  and  other  European  countries  than  in 
the  United  Kingdom,  and  although  there  is  no 
essential  difference  between  them,  the  terra 
‘ cordials  ’ is  by  many  restricted  to  British,  and 
‘ liqueurs  ’ to  the  foreign  preparations. 

The  spirit  in  the  best  qualities  of  liqueur  is 
derived  from  the  grape,  but  grain  and  other  i 
spirit  is  frequently  employed,  especially  in  j 
cordials  ; but,  whatever  the  origin  of  the  spirit,  ' 


it  should  be  highly  rectified  and  neutral  in 
character,  so  as  not  to  impair  the  flavour  of  the 
finished  product.  The  alcoholic  strength  of 
cordials  and  liqueurs  varies  greatly,  but,  on  the 
average,  they  contain  from  30  to  40  p.c.  of 
alcohol,  or  50  to  70  p.c.  of  proof  spirit.  The  sugar 
must  be  pure,  and  is  added  in  the  form  of  a 
clear  syrup. 

The  principal  flavouring  ingredients  em- 
ployed are  (a)  those  used  solely  on  account  of 
their  essential  oils,  as  aniseed,  bitter  almonds, 
caraway,  juniper  berries,  mint,  lemon-peel, 
orange  blossom,  &c.  ; (b)  those  valued  for 

their  bitter  principles  as  well  as  their  essential 
oils,  as  cinnamon,  cloves,  cura9oa  apples  (a 
kind  of  orange),  gentian,  ginger,  orange-peel, 
sweet  calamus,  wormwood,  vanilla,  &c.  ; and 
(c)  fruits,  chiefly  cherries,  pineapples,  rasp- 
berries, and  strawberries.  The  flavourings  are 
obtained  either  by  digesting  the  flavouring 
ingredients  (bruised  or  cut  up)  with  alcohol  and 
distilling  the  mixture  to  obtain  an  essence,  or 
by  filtering  the  alcoholic  extract  to  form  a 
tincture,  or  by  simply  expressing  and  clearing 
the  juice  of  fruits  or  digesting  the  latter  for  a 
more  or  less  prolonged  period  in  spirit. 

Artificial  essences  simulating  the  above 
flavourings  are  frequently  employed,  but  their 
use  in  beverages  is  questionable,  since  it  seems 
probable  that  their  physiological  action  differs 
from  that  of  the  natural  flavouring  substances 
which  they  are  intended  to  imitate. 

The  colouring  matters  most  commonly  used 
are  as  follows.  Red,  aniline  red,  brazilwood, 
cochineal,  cudbear,  and  sandalwood ; yellow, 
saffron  and  turmeric ; blue,  indigo ; green, 
chlorophyll  (from  nettles,  parsley,  spinach,  &c.) 
and  mixtures  of  blue  and  yellow  colourings  ; 
violet,  aniline  violet ; and  brown,  a solution 
of  burnt  sugar  or  caramel  {v.  Liqueurs). 

J C 

CORDIERITE  v.  Iolite. 

CORDITE  V.  Explosives. 

CORDYLITE  (or  Barium-parisite).  Carbo- 
nate and  fluoride  of  cerium-metals  and  barium 
(GeF)2Ba(C03)3,  containing  CcgOg,  23*72,  and 
(La,I)i)203,  25*67  p.c.  It  occurs  as  small,  pale 
wax-yellow,  club-shaped  hexagonal  crystals  in 
syenite-pegmatite  at  Narsarsuk  near  Juliane- 
haab  in  south  Greenland ; sp.gr.  4*31.  It  is 
isomorphous  with,  and  closely  related  to,  parisite. 

L.  J.  S. 

COREINE  V.  OxAziNE  colouring  matters. 

CORIANDER  FRUIT,  Coriandri  frucius, 
B.P.  The  dried  ripe  fruit  of  Coriandrum 
sativum  (Linn.). 

CORIANDER,  OIL  OF,  v.  Oils,  Essential. 

CORIARIA  MYRTIFOLIA  v.  Sumach. 

CORINDITE.  A refractory  and  abrasive 
substance  obtained  by  heating  a mixture  of 
bauxite  and  anthracite  in  a cupola  furnace. 
Aluminium  carbide  is  first  formed  and  is  ulti- 
mately transformed  into  a vesicular  fused  mass 
of  crystalline  alumina  of  high  melting-point, 
low  thermal  expansibility,  and  great  hardness, 
suitable  for  the  manufacture  of  fire  bricks  for 
rotary  cement  kilns,  gas  and  heavy  oil  ovens, 
coke  ovens,  &c. 

CORIOFLAVINE  v.  Acridine  dyestuffs. 

CORIOPHOSPHINES  V.  Acridine  dyestuffs. 

CORK.  Cork  is  derived  from  the  bark  of 
two  evergreen  species  of  oak  tree,  the  cork  oak, 
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Quercus  siiber  (Linn.)  and  Q.  occidentalis  (Gay). 
The  former  yields  the  best  cork,  and  grows  mostly 
in  those  countries  bordering  on  the  Mediter- 
ranean up  to  the  45°  lat.  The  latter  occurs  on 
the  Atlantic  seaboard  of  Portugal,  Spain,  and 
France  up  to  48°  lat. 

The  cork  tree  is  from  30  to  60  feet  high,  and 
3-4  feet  thick.  It  grows  slowly  and  reaches 
the  age  of  150-200  years.  The  tree  has  the 
peculiarity  of  throwing  off  its  outer  bark  when 
it  reaches  a certain  age,  and  then  reproducing 
it.  It  is  this  that  makes  the  cork  industry 
possible.  The  chief  countries  in  which  cork  is 
produced  are  : 

1.  Spain.  Particularly  the  province  of 
Catalonia.  Here  the  best  cork  is  grown. 
Seville  is  the  chief  market. 

2.  Portugal.  Centres  : Lisbon  and  Oporto, 

3.  Algeria.  Here  the  cork  trees  form  great 
forests ; those  belonging  to  the  State  were 
some  years  ago  fully  600,000  acres  in  extent. 

4.  Southern  France  and  the  Pyrenean  district. 
Large  forests  of  Q.  sober  exist  in  the  more  moun- 
tainous parts,  but  in  the  low-lying  ‘ Landes  ’ 
the  tree  is  Q.  occidentalis,  which  grows  as  far 
north  as  Belle  Isle. 

5.  The  Adriatic  coast.  Some  is  produced  in 
the  Austrian  provinces,  but  it  is  of  inferior 
quality. 

6.  Sicily,  Sardinia,  and  Corsica  also  yield 
cork  of  good  quality. 

For  an  account  of  the  cork  industry  in 
Sardinia,  see  J.  Chem.  Soc.  Ind.  1919,  38,  352  R. 
From  U.S.  Com.  Rep.  July  25,  1919. 

Speaking  generally,  the  cork  tree  seems  to 
thrive  best  on  dry  granitic  and  sandy  soils, 
and  not  to  do  well  in  damp  or  limestone  soils. 

The  complete  bark  of  the  cork  tree  consists 
of  two  layers  : 

(1)  The  dry  dead  bark,  comprising  the 
epidermis  and  the  cork  proper,  with  the  meso- 
dermis, 

(2)  The  green  living  skin  which  clothes  the 
wood  immediately  under  the  dry  bark.  This 
may  be  looked  upon  as  the  active  cork-producing 
layer,  and  contains  bast  fibres  and  the  endo- 
dermis. 

The  epidermis  on  one-year-old  twigs  is  green 
and  smooth,  but  in  the  second  year  between  it 
and  the  green  under-skin  irregular  white  waxy 
masses  are  formed  ; these  represent  the  begin- 
ning of  the  cork  formation  and  increase  from 
year  to  year,  changing  gradually  into  cork 
proper.  At  the  end  of  the  third  year  the 
epidermis  dries  up  and  cracks. 

Barking  the  trees.  This  is  the  most  im- 
portant operation  in  the  management  of  a cork 
forest,  because  on  the  care  with  which  it  is 
carried  out  depends  the  life  of  the  trees  and  the 
regularity  of  the  slabs  produced. 

In  barking,  the  workman  takes  a special 
tool  and  makes  a cut  round  the  stem  above  and 
below  the  portion  of  bark  to  be  removed.  A 
vertical  cut  or  cuts  are  made  so  that  the  bark 
may  be  stripped  off  the  tree,  in  which  operation 
the  shaft  of  the  tool  is  used  as  a lever.  Care 
must  be  taken  not  to  bruise  the  green  underskin, 
the  real  producer  of  the  cork. 

The  first  barking  produces  so-called  ‘ virgin 
cork,’  which  is  of  little  value,  as  it  has  not 
elasticity  enough  for  use  as  bottle  corks.  It  was 
formerly  used  for  the  production  of  Spanish 


black,  but  of  late  years  it  has  been  employed 
in  the  manufacture  of  ground  cork. 

During  the  first  year  of  growth  the  tree 
produces  from  3 to  5 mm,  of  cork,  but  after- 
wards less,  the  mean  for  the  first  9 years  being 
about  2 ‘1-3  mm.,  giving  a total  thickness  of 
20|  mm.  After  9 or  10  years,  when  barking 
usually  occurs,  the  growth  is  slower,  but  where 
thicker  cork  is  required,  the  period  is  of  course 
longer.  The  first  stripping  usually  takes  place 
on  the  15-20  year-old  tree.  The  best  cork  is 
yielded  by  trees  of  from  50  to  100  years  old. 
Those  growing  in  the  mountainous  districts 
yield  a smaller  quantity  but  better  quality  of 
cork. 

After  the  cork  bark  has  been  removed  from 
the  tree,  it  is  stacked  and  weighted  with  heavy 
stones  to  flatten  it,  and  when  dry  it  is  scraped 
with  an  iron  tool  to  remove  the  epidermis.  The 
cork  is  then  immersed  for  5 or  6 minutes  in  a 
tank  of  boiling  water,  when  it  swells,  and, 
according  to  the  quality,  retains  this  swelling 
more  or  less  permanently.  The  water  also 
removes  tannin,  vegetable  acids,  and  their 
salts.  In  Spain  the  cork  is  occasionally  passed 
through  a fire,  whereby  it  is  superficially 
blackened,  acquiring,  it  is  supposed,  by  this 
treatment  especially  good  qualities  or  ‘ nerve.’ 

After  steeping,  the  plates  are  placed  in  heaps^ 
weighted,  and  by  hydraulic  presses  compressed 
into  bales  and  bound  with  hoop  iron. 

Chemistry  of  cork.  Cork  extracted  with  hot 
water  under  pressure,  yields  gallic  acid,  colouring 
matters,  iron  and  magnesium  salts.  By  extrac- 
tion with  alcohol  it  yields  ‘ cerin,’  or  cork  wax 
C32H20O.  Siewert  examined  the  alcoholic  extract 
and  isolated  from  it  ‘ decacrylic  acid  ’ CioHjgOg. 

The  composition  of  cork  has  been  further 
studied  by  Kiigler  (Arch.  Pharm.  1884,  217)  ; 
Gilson  (ibid.  1890,  690) ; and  Hy,  Ingle  (J.  Soc. 
Chem.  Ind.  1904,  1197). 

Suberine,  according  to  Kiigler,  is  a real  fat, 
which  cannot  be  entirely  extracted  by  solvents, 
because  they  do  not  penetrate  the  material 
sufficiently. 

Gilson  saponified  cork  from  Q.  suber  with 
3 p.c.  alcoholic  potash,  and  isolated  from  the 
filtrate  44  p.c.  of  fatty  acids,  consisting  of : 
Phellonic  acid  C22H32O2,  m.p.  95°-96°,  a mono- 
basic acid  giving  a violet  colour  with  zinc 
chloride-iodine  solution  ; yield  8 p.c.  Suberinic 
acid  C17H30O3,  a semi-fluid  sticky  substance; 
36  p.c.  Phloionic  acid  C22H40O7 : fine  white 
needles,  m.p.  120°-121°  ; in  small  amount. 

Gilson  considers  suberine  not  to  be  a true 
fat,  but  rather  a mixture  of  complex  esters  and 
possibly  condensation  products  of  different  acids. 

Treated  with  iodine  solutions  cork  does  not 
give  the  cellulose  reaction,  and  there  is  some 
dispute  as  to  whether  cellulose  or  a pentosan  is 
the  carbohydrate  present  in  cork.  Gilson,  from 
microscopic  examination,  considers  that  cellulose 
is  present. 

Cork  also  contains  certain  aromatic  com- 
pounds, tannin  and  the  aromatic  aldehyde  of 
wood,  hadromal,  besides  coniferin  and  vanillin. 

Treated  with  strong  nitric  acid,  cork  pro- 
duces suberic  acid  (CH2)6(COOH)2,  oxalic  acid, 
and  other  products.  Strong  sulphuric  acid  chars 
it,  but  it  is  little  affected  by  hydrochloric  acid. 
Chlorine,  bromine,  and  iodine  cause  cork  to 
shrink,  the  two  former  first  bleaching  it.  Ignited 
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it  bums,  swells  up,  and  forms  a charcoal  called 
Spanish  black. 

Physical  'properties. — The  sp.gr.  of  cork  is 
variously  given  from  0*12  (Rollmann)  to  0‘24 
(Muschenbroek) ; on  the  average  0'16. 

The  uses  of  cork  depend  on  its  compressibility, 
elasticity,  imperviousness  to  liquids,  its  lightness, 
its  stability  to  weathering,  &c.  It  is  used  in 
making  stoppers,  mats,  soles,  linings,  springs  for 
heavy  waggons,  as  anti-vibratory  and  sound- 
deadening  materials. 

Waste  cork  is  granulated  by  suitable  ma- 
chinery, sifted,  and  then  ground  to  powder. 
The  finest  dust  is  mainly  used  in  the  manu- 
facture of  linoleum.  Slightly  coarser  cork  is 
used  for  the  manufacture  of  cork  carpet,  but  in 
both  cases  the  binding  material  is  prepared 
linseed  oil. 

Still  coarser  cork,  of  the  size  of  peas,  mixed 
with  a proportion  of  fine, is  employed  in  the  manu- 
facture of  mats,  insulating  materials  for  water 
and  steam  pipes  and  cold  storage  chambers, 
packing,  artificial  corks  for  bottles,  &c. 

In  order  to  bind  the  particles  of  cork  together 
are  employed  (1)  collodion ; used  for  bath  mats 
and  stoppers.  The  granulated  cork  of  various 
grades  in  suitable  proportions  is  mixed  with  the 
solution  and  the  pasty  mass  pressed  into 
perforated  moulds  ; these  are  then  heated  in  a 
suitable  chamber  provided  with  a condensing 
appliance  to  recover  the  solvents,  ether 
and  alcohol,  ‘ Suberite  ’ belongs  to  this  class. 
The  mat  is  removed  from  the  mould  and 
‘ buffed  ’ (sand-papered)  on  a buffing  machine 
similar  to  that  used  by  cabinet  makers,  Cork 
stoppers  are  made  in  a similar  manner,  and  also 
insulating  slabs  and  tubes  for  covering  steam 
and  water  pipes. 

(2)  Gluten,  casein,  and  glue  mixed  with 
oily  materials  and  resins  and  dissolved  in 
suitable  solvents,  after  mixing  with  the  cork 
(rendered  more  or  less  insoluble  by  means  of 
formalin,  tannin,  dichromates,  lime,  &c.),  have 
also  been  used  and  patented  for  the  production 
of  cork  slabs,  &c,,  from  granulated  cork. 
The  cork  of  various  degrees  of  fineness  is  mixed 
with  the  cement,  subjected  to  powerful  hydrau- 
lic pressure  in  moulds,  and  in  some  cases  heated 
up  to  200°  to  harden  the  albuminous  matters  of 
the  cement. 

(3)  Mixtures  of  cork  with  silicate  of  soda 
and  barytes  or  other  pigment  have  been  used 
for  steam-pipe  coverings. 

Slabs  of  cork  have  also  been  made  by  soaking 
cork  in  soap  solutions,  then  drying,  treating 
with  milk  of  lime,  again  drying  and  pressing  the 
resultant  mass  into  heated  moulds. 

Another  use  for  cork  waste,  more  or  less 
finely  ground,  is  in  the  production  of  floors.  In 
this  operation  ground  cork  is  mixed  with  a 
cement,  such  as  Portland  cement,  or  more  often 
a mixture  of  cork  and  calcined  magnesia  is 
mixed  with  a solution  of  magnesium  chloride 
and  the  pasty  mass  spread  on  the  floor  and 
allowed  to  harden  ; other  salts,  such  as  lead 
acetate,  are  sometimes  added. 

Cork  dust  is  also  used  as  a packing  for  the 
hollow  spaces  between  the  walls  of  cold-storage 
chambers,  round  the  pipes  of  ice  plants,  &c., 
no  binding  materials  being  employed.  Mixed 
with  pitch,  granulated  cork  is  used  as  the 
filling  between  the  outer  and  inner  soles  of  boots. 


especially  American.  It  forms  a warm,  water- 
proof and  resilient  layer. 

Granulated  cork  of  various  degrees  of  fineness 
is  also  mixed  with  the  paint  used  to  coat  iron 
surfaces  where  there  is  danger  of  the  condensa- 
tion of  moisture,  such  as  in  the  cabins  of  steamers, 
in  breweries,  factories,  laundries,  and  the  like. 

Hy.  I. 

CORNISH  CLAY  v.  Clay. 

CORNISH  STONE  v.  Clay  and  China  stone. 
CORN  OIL  V.  Maize  oil, 

CORNUTINE  Ehgot. 

CORONITE.  An  explosive  consisting  of 
nitroglycerine,  38-40  parts  ; nitro-cotton,  1-1^ 
parts ; ammonium  nitrate,  26-28  parts  ; 
potassium  nitrate,  3-5  parts  ; aluminium  stear- 
ate, 11-14  parts  ; rye  flour,  8-11  parts  ; wood 
meal,  2-4  parts  ; liquid  paraffin,  2-4  parts  {v. 
Explosives). 

COROZO.  Vegetable  ivory.  The  seeds  of 
Phytdephas  macrocarpa. 

CORROSION  OF  METALS.  By  the  term  ‘ cor- 
rosion ’ is  generally  understood  the  disintegration 
of  a metal  through  oxidation.  Usually  a skin  of 
oxide  is  formed  which  more  or  less  protects  the 
underlying  metal  from  attack.  Copper,  zinc, 
lead  and  aluminium  are  cases  in  point.  Iron,^ 
on  the  other  hand,  is  exceptional,  in  that,  when 
oxidised  by  exposure  to  ordinary  atmospheric 
influences,  a pulverulent,  hygroscopic  mass  of 
oxide,  known  familiarly  as  rust,  is  produced, 
which  not  only  fails  to  protect  the  underlying 
metal,  but  actually  accelerates  further  corrosion. 
For  this  reason,  and  also  because  iron  is  of  such 
enormous  commercial  importance,  the  various 
problems  associated  with  the  corrosion  of  iron 
have  received  wide  consideration  and  been  made 
the  subject  of  numerous  researches  ; only  in  very 
recent  years  have  systematic  attempts  been 
made  to  investigate  the  corrosivity  of  the  other 
commercial  metals. 

Corrosion  of  iron.  It  is  impossible  here  to 
review  or  discuss  the  voluminous  literature  which 
has  appeared  on  the  subject  during  recent  years, 
and  for  particulars,  including  bibliography,  the 
reader  is  referred  to  Friend’s  Corrosion  of  Iron 
and  Steel  (Longmans  and  Co.,  1911),  and  to  The 
Corrosion  and  Preservation  of  Iron  and  Steel,  by 
Cushman  and  Gardner  (McGraw-Hill  Book  Co., 
New  York,  1910).  It  will  suffice  here  to  give  a 
short  account  of  the  questions  at  issue. 

Cond'ltions  essential  to  the  corrosion  of  iron. — 
Before  passing  on  to  consider  the  various  theories 
that  have  been  offered  to  account  for  the 
mechanism  of  corrosion,  it  is  important  to  have 
a clear  conception  of  a few  of  the  fundamental 
facts.  These  may  be  briefly  summarised  as 
follows  : — 

1.  Liquid  water,  alone,  both  at  ordinary 
temperatures  and  at  the  boiling-point,  is  without 
any  appreciable  action  upon  iron.  In  the  course 
of  time  the  metal  frequently  becomes  very 
slightly  tarnished,  but  no  trace  of  rust-formation 
can  be  detected. 

2.  Water  vapour  is  without  visible  action 
upon  iron  at  ordinary  temperatures  upwards  to 
about  300°C.  At  35b°C.,  and  somewhat  above, 
tarnishing  occurs  owing  to  a superficial  layer  of 
ferrous  oxide  being  produced.  At  still  higher 

1 The  word  ‘ iron  ’ is,  both  here  and  in  the  sequel, 
used  in  its  broadest  sense  to  cover  wrought  iron,  steel, 
and  cast  iron. 
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temperatures  a protective  layer  of  ferroso-ferric 
oxide  is  produced,  which,  however,  is  not  rust. 

3.  Dry  air  or  oxygen  has  no  visible  action 
upon  iron  at  ordinary  temperatures.  It  is  not 
until  the  metal  is  raised  to  about  220°C.  that 
a pale  yellow  tint  is  acquired,  which,  as  the 
temperature  rises,  becomes  successively  straw- 
coloured,  purple,  and  finally  blue.  These  ‘ tem- 
pering ’ colours,  as  they  are  termed,  are  due  to 
the  formation  of  thin  layers  of  oxide,  and  are 
eonsequently  not  produced  in  vacuo  (Roberts, 
Trans.  Inst,  Mech.  Eng.  1881,  p.  710),  but  are 
produced  in  perfectly  dry  air,  such  as  that 
obtained  by  prolonged  desiccation  over  phos- 
phorus pentoxide  (Friend,  J.  Iron  Steel  Inst. 
1909,  ii.  172). 

4.  A mixture  of  water  vapour  and  air  is 
without  action  on  iron  at  ordinary  temperatures. 
This  was  demonstrated  by  Dunstan  and  his  co- 
workers (Trans.  Chem.  Soc.  1905,  87,  1548),  who 
further  showed  that  if,  under  the  above  condi- 
tions, liquid  water  is  allowed  to  condense  on  the 
surface  of  the  metal  corrosion  proceeds  rapidly. 

From  the  foregoing  it  is  evident  that  the 
rusting  of  iron  is  not  an  example  of  direct  aerial 
oxidation,  but  that  the  presence  of  both  liquid 
water  and  air  or  oxygen  is  essential. 

Theories  of  rusting. — Now  although  all 
ordinary  irons  readily  corrode  when  exposed 
to  the  combined  action  of  distilled  or  natural 
waters  and  air,  it  is  of  considerable  academic 
importance  to  inquire  whether  or  not  a pure 
specimen  of  iron  will  corrode  when  exposed  to 
perfectly  pure  air  and  water.  In  1888  Crum 
Brown  (J.  Iron  Steel  Inst.  1888,  ii,  129)  sum- 
marised briefly  the  most  important  facts  then 
recorded  on  the  corrosion  of  iron  and  supported, 
though  he  did  not  originate,  the  then  current 
idea  that  the  action  is  primarily  the  result  of 
acid  attack — the  acid,  in  most  cases  of  aerial 
oxidation,  being  carbonic.  According  to  this 
theory  the  metal  is  first  attacked  by  dissolved 
carbon  dioxide  (carbonic  acid)  giving  ferrous 
carbonate,  or  bicarbonate,  and  hydrogen.  The 
ferrous  salt  is  then  oxidised  by  atmospheric 
oxygen,  and  the  basic  ferric  carbonate  potenti- 
ally formed  is,  in  presence  of  water,  converted 
into  hydrated  ferric  oxide  (rust).  As  the 
carbon  dioxide  is  thus  wholly  eliminated  at  the 
end  of  the  cycle,  it  may  be  supposed  to  renew 
its  attack  on  the  iron. 

This  theory  received  vigorous  support  from 
Moody,  who  proved  by  a very  ingenious  experi- 
ment (Proc.  Chem,  Soc.  1907,  23,  84)  that  rust 
is  formed  by  the  action  of  oxygen  upon  iron  in 
solution  and  not  by  its  action  upon  the  metal 
itself.  In  other  words,  the  rusting  of  iron  is 
preceded  by  its  solution.  Moody  further 
satisfied  himself,  as  the  result  of  a careful  series 
of  experiments  (Trans.  Chem.  Soc.  1906,  89, 
720),  that  water  and  oxygen  alone  are  quite 
insufficient  to  induce  rusting.  In  experiments 
where  iron  had  remained  bright  for  many  weeks 
in  contact  with  pure  air  and  water,  the  intro- 
duction of  a minute  quantity  of  carbon  dioxide 
at  once  determined  rusting.  The  experiments 
of  Friend  (J.  Iron  and  Steel  Inst.  1908,  ii.  16  ; 
Proc.  Chem.  Soc.  1910,  26,  179)  led  to  the 
same  conclusion. 

On  the  other  hand,  Whitney,  in  1903  ( J.  Amer. 
Chem.  Soc.  25,  394),  applying  modern  electro- 
chemical theory  to  the  process,  expounded  the 


diametrically  opposite  view  that  water  and 
air  alone  suffice  to  establish  rusting.  Accord- 
ing to  modern  views,  the  action  of  an  acid  on 
a metal  is  ascribed  to  an  exchange  of  electric 
charges  between  the  hydrogen  ions  of  the  acid 
and  the  electrically  neutral  atoms  of  the  metal, 
the  hydrogen  being  deposited  on  the  metal  in 
the  molecular  state,  and  the  metal  atoms 
passing  into  the  solution  as  metal  ions.  In- 
asmuch as  pure  water  is  regarded  as  being 
to  some  small  extent  ionised  into  hydrogen 
ions  and  hydroxy]  ions,  it  is  to  that  extent, 
electrochemically  speaking,  an  acid,  and  when 
iron  is  immersed  in  it,  there  should  be  a 
deposition  of  hydrogen  on  the  iron  and  an 
equivalent  formation  of  iron  ions.  The  water 
round  the  iron  now  contains  ferrous  ions  and 
hydroxyl  ions,  or  in  other  words,  is  a dilute 
solution  of  ferrous  hydroxide.  If  oxygen  has 
access  to  the  ferrous  hydroxide  solution,  hydrated 
ferric  oxide  will  be  formed  and  deposited  as  rust. 

Such  in  outline  is  Whitney’s  theory,  apart 
from  the  detailed  application  of  Nernst’s  theory 
of  electrolytic  solution  pressure,  which  he  also 
introduces.  The  explanation  just  given  for  the 
action  of  pure  water  on  pure  and  physically  homo- 
geneous iron,  involves  the  deposition  of  hydrogen 
as  a film  of  gas  on  the  immersed  portion  of  the 
metal.  As  this  film  would  prevent  further 
contact  between  the  metal  and  the  water,  it  is 
supposed  that  it  slowly  dissolves  in  the  water  and 
escapes  by  diffusion,  or  is  oxidised  by  the  dis- 
solved oxygen,  so  enabling  the  action  to  continue. 
This  theory  received  considerable  support  from 
W.  H.  Walker  and  his  co-workers  (J,  Amer. 
Chem.  Soc,  1907,  29,  1251),  who  concluded  that 
they  had  ‘ substantiated  the  work  of  Whitney, 
and  shown  that  iron  does  dissolve  in  pure  water 
in  the  absence  of  carbon  dioxide  and  oxygen.’ 

Dunstan,  Jowett,  and  Goulding  (Trans. 
Chem.  Soc.  1905,  87,  1548). 

It  may  be  added,  in  passing,  that  the 
names  of  Cushman  (The  Corrosion  of  Iron, 
Bulletin  No.  30,  U.S.  Dept,  of  Agric.  1907), 
Tilden  (Trans.  Chem.  Soc.  1908,  93,  1358),  and 
of  Heyn  and  Bauer  (Mitt,  Konigl.  Material- 
priifungsamt,  1908,  26),  must  be  added  to  those 
who  believe  that  iron  will  corrode  in  the  presence 
of  pure  water  and  oxygen. 

Nearly  all  the  experiments  just  referred  to 
were  carried  out  with  iron  of  ordinary  com- 
mercial purity.  This  circumstance  made  it 
possible  for  supporters  of  the  ‘ acid  theory  ’ to 
ascribe  the  rusting  in  absence  of  carbonic  acid, 
to  the  presence  of  acidic  substances  generated 
from  impurities  in  the  iron  itself.  Lambert  and 
Thomson  (Trans.  Chem.  Soc.  1910,  97,  2426) 
found  that  carefully  purified  iron  remained  un- 
changed when  exposed  for  several  months  to 
purified  air  and  water.  Any  specimen  of  com- 
mercial iron,  or  of  iron  prepared  with  fewer 
precautions  than  the  immune  sample,  rusted 
quite  readily  in  the  same  circumstances.  From 
their  experiments,  the  authors  concluded  that 
whilst  pure  iron  will  not  rust  in  pure  air  and 
pure  water,  iron  will  do  so  if  it  contains  only  a 
small  amount  of  impurity,  even  if  the  impurity  is 
neither  acid  in  itself  nor  likely  to  give  rise  to  acid. 

From  the  foregoing  it  is  evident  that  opinions 
widely  differ  as  to  the  chemistry  of  corrosion. 
Academically,  therefore,  the  problem  still  awaits 
solution.  In  actual  commercial  practice,  however. 
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since  neither  water,  air  nor  iron  itself,  is 
ever  quite  pure,  it  may  be  safely  postulated  that 
corrosion  will  result  whenever  these  three  are 
brought  into  contact. 

The  Mechanism  of  Corrosion. — Aitchison  (J. 
Iron  and  Steel  Inst.,  1916,  I.,  77)  has  outlined 
an  attractive  theory  according  to  which,  in  the 
case  of  a perfectly  annealed  specimen  of  pure 
iron,  a difference  of  potential  exists  between 
the  crystals  of  ferrite  and  the  amorphous,  inter- 
crystaUine  material,  thereby  leading  to  corrosion. 
Any  potential  difference  between  the  crystal 
grains  themselves,  due  to  strain,  in  a less 
perfectly  annealed  specimen  will  add  to  this 
effect,  the  total  corrosion  being  the  sum  of  the 
two  actions.  In  the  case  of  iron  containing 
carbide  the  main  differences  of  potential  will  lie 
between  the  carbide  and  ferrite,  the  latter 
functioning  anodically  and  oxidising  away. 
The  case  of  steels  containing  alloying  metals  is 
interesting.  Potential  difference  exists  between 
the  carbide  and  solid  solution,  the  latter  acting 
as  anode.  If  the  alloying  element  is  associated 
entirely  with  the  carbides,  as  in  the  case  of 
small  quantities  of  W,  V,  and  Mo,  they  do  not 
decrease  corrosion.  Ni,  on  the  other  hand, 
enters  the  solid  solution,  reducing  its  solution 

Eressure  and  hence  the  potential  difference 
etween  it  and  the  carbide,  thus  hindering 
corrosion. 

The  ferroxyl  indicator.  The  study  of  the 
susceptibility  of  iron  to  rust,  and  especially  of 
the  localisation  of  susceptibility,  has  been  aided 
considerably  by  a device  due  to  Cushman  (l.c. 
and  ■ J.  Iron  and  Steel  Inst.  1909,  I.  33)  and 
Walker  (J,  Amer.  Chem.  Soc.  1907,  29,  1257). 
The  iron  to  be  studied  is  fixed  in  a jelly  made  of 
agar-agar,  in  which  small  quantities  of  phenol- 
phthalein  and  potassium  ferricyanide  have  been 
incorporated.  Wherever  the  iron  is  being 
attacked,  blue  ferrous  ferricyanide  (Turnbull’s 
blue)  appears,  whilst  the  second  electrode  in  the 
circuit  declares  itself  by  the  pink  colour  deve- 
loped from  the  phenol-phthalein.  Ther  pink 
colour  indicates  the  presence  of  hydroxyl  ions. 

The  chemical  nature  of  rust. — Rust  is  a 
pulverulent,  hygroscopic  mass,  ranging  in  colour 
from  brown  to  red,  and  consisting  of  iron 
oxidised  more  or  less  completely  to  hydrated 
ferric  oxide.  As  a rule,  the  browner  the  rust 
the  greater  is  the  extent  of  hydration.  Some 
ferrous  oxide  is  generally  present  also,  particu- 
larly if  the  original  metal  has  not  been  completely 
oxidised  away.  This  ferrous  oxide  has  a blackish 
appearance  and  may  be  found  in  the  innermost 
layers  close  to  the  metal  {see  analyses  by  Moody, 
Trans.  Chem.  Soc.  1906,  89,  726  ; Tilden^  ibid. 
1908,  93,  1358 ; Gaines,  Chem.  News,  1910,  101, 
205;  Steel,  J.  Soc.  Chem.  Ind.  1910,  29,  1141, 
&c.).  Rust  also  contains  free  water  in  addition 
to  that  chemically  combined  with  it,  and  it 
readily  absorbs  carbon  dioxide  from  the  air. 
These  two  properties  serve  to  render  it  an  active 
stimulator  of  corrosion,  for  the  carbon  dioxide 
dissolves  in  the  moisture  yielding  carbonic  acid. 
This  attacks  a portion  of  the  iron  converting  it 
into  ferrous  carbonate,  which  in  turn  is  oxidised 
by  the  air  to  rust.  The  liberated  carbon  dioxide 
is  now  free  to  attack  further  portions  of  iron  in 
a similar  manner. 

Oraphitisation  is  a form  of  corrosion  to  which 
cast  iron  is  particularly  liable,  the  mass  becom- 
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ing  so  soft  as  to  be  readily  cut  with  a knife.  The 
metallic  iron  is  more  or  less  completely  oxidised  j 
mainly  to  ferrous  oxide.  Frequently  portions 
of  this  latter  have  been  washed  or  dissolved 
away,  the  remainder  collecting  within  the  pores 
of  the  now  isolated  mass  of  graphite.  Examples 
are  afforded  by  Berzelius  (Traite  de  Chimie, 
1831,  vol.  iii.),  Rennie  (Min.  Proc.  Inst.  Civil 
Eng.  1845,  4,  323),  Draper  (Chem.  News,  1887, 
56,  251),  Le  Naour  (J.  Iron  Steel  Inst.  1898,  I. 
526),  Holgate  (Gas  World,  1913,  58,  479),  and 
others.  Of  these  Berzelius  drew  attention  to 
the  cast-iron  cannon  balls  raised  at  Karlskrona 
from  a ship  that  had  been  sunk  fifty  years 
previously.  They  had  been  converted  into  a 
soft,  porous  mass  which  spontaneously  heated 
upon  exposure  to  air.  Rennie  mentions  the  case 
of  cast-iron  guns  reclaimed  from  the  sea  in  1822, 
off  Holyhead,  after  an  immersion  of  about  100 
years.  When  brought  out  of  the  water  they 
were  quite  soft,  but  upon  exposure  to  the  air, 
they  hardened  to  such  an  extent  that  they  were 
used  to  fire  salutes  when  King  George  IV.  passed 
through  Holyhead  on  his  way  to  Dublin.  It 
was  observed  that  these  old  guns  gave  louder 
reports  than  any  others.  As  a rule,  this  kind  of 
corrosion  does  not  take  place  with  the  purer 
forms  of  commercial  iron,  although  a few  cases 
of  similar  softening  are  on  record  where  wrought 
iron  has  been  subjected  to  prolonged  immersion 
in  sea  water  (Lidy,  Engineering  News,  1897,  39, 
85).  The  percentage  of  carbon  in  such  cases  is, 
of  course,  much  less  than  with  cast  iron,  but  is 
frequently  much  higher  than  the  normal  in 
consequence  of  the  solution  and  removal  of 
some  of  the  iron. 

Influence  of  dissolved  substances  on  rusting. 
The  effect  of  dissolved  salts  in  the  water  has 
received  great  attention  in  both  the  laboratory 
and  industrial  study  of  rusting. 

As  a general  rule,  a dissolved  salt  might  be 
expected  to  stimulate  corrosion  by  increasing 
the  conductivity  of  the  water.  If  the  substance 
gives  an  acid  solution  this  action  will  be  all  the 
more  marked.  On  the  other  hand,  concentrated 
salt  solutions  do  not  dissolve  oxygen  to  the  same 
extent  as  pure  water,  so  that  if  the  metal  is 
completely  immersed,  retardation  of  rusting 
might  be  expected  on  this  account.  The  above 
conclusions  are  borne  out  by  the  experimental 
work  which  has  been  done.  Acids  and  am- 
monium salts  stimulate  corrosion  very  con- 
siderably ; sodium  chloride  stimulates  in  dilute 
solutions  and  retards  in  concentrated  solutions. 
Generally  speaking,  as  the  concentration  is 
increased  the  corrosivity  increases  to  a maxi- 
mum (critical  concentration),  and  then,  unless 
interrupted  by  saturation  of  the  solution,  falls 
practically  to  zero  (limiting  concentration). 
The  limiting  concentration  in  certain  cases  is 
found  to  have  an  extremely  low  value,  e.g.  in 
alkaline  solutions  and  in  chromates  and  di- 
chromates. Chromates  and  dichromates,  and 
other  oxidising  agents  are  known  to  render  iron 
passive,  and  Dunstan  and  Hill  {l.c.)  have  shown 
that  alkalis  also  produce  passivity,  so  that  the 
effects  may  all  be  due  to  this  cause.  In  any 
case  there  is  no  doubt  that  above  a small  con- 
centration, many  substances,  such  as  potassium 
and  sodium  carbonates,  permanganates,  iodates, 
chromates,  and  dichromates,  borax,  &c.,  will 
prevent  rusting  entirely.  This  property  of 
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the  chromates  is  beginning  to  find  industrial 
application  in  the  painting  of  iron  work, 
and  the  protection  of  boilers.  When  more 
than  one  electrolyte  is  present  in  the  water 
the  effects  are  more  complicated  and  it  is 
found  that  the  concentration  of  the  inhibitor 
must  usually  be  considerably  greater  than  when 
it  is  present  alone,  if  corrosion  is  to  be  prevented. 
An  interesting  special  case  is  the  behaviour  of 
potassium  dichromate  in  the  presence  of  other 
salts.  In  such  cases  the  dichromate  being  an 
acid  salt  reacts  with  the  other  salt  to  produce 
free  acid,  which  destroys  the  passivity  and  allows 
rusting  unless  the  dichromate  is  in  large  excess. 
For  practical  application  as  a rust  preventive 
in  such  cases,  potassium  chromate  which  pro- 
duces no  acid  is  equally  effective  (Friend  and 
Brown,  J.  Iron  and  Steel  Inst.  1911,  I.  125). 

The  temperature  of  a solution  exerts  an 
important  influence  upon  its  relative  corrosivity. 
A 3 p.c.  solution  of  sodium  chloride  at  10°C.  is 
considerably  more  corrosive  than  tap  water  at 
the  same  temperature,  but  as  the  temperature 
rises  the  relative  corrosivity  falls,  until  at  2RC. 
the  solution  is  appreciably  less  corrosive  than 
tap  water.  The  behaviour  of  sea  water,  which 
contains  approximately  3 p.c.  of  sodium  chloride, 
is  of  practical  interest  to  the  engineer.  At  11°C. 
it  is  considerably  more  corrosive  thanfresh  water; 
at  13°C.  the  two  waters  act  similarly ; whilst  at 
all  higher  temperatures  sea  water  is  less  corrosive 
than  tap  water  f Friend  and  Brown,  Trans.  Chem. 
Soc.  1911,  99,  1302).  In  the  western  part  of 
the  tropical  Pacific  Ocean  a temperature  of  32°C. 
is  frequently  attained ; whilst  in  the  Red  Sea  and 
Persian  Gulf  temperatures  of  34'4°C.  and  35*5°C, 
respectively  have  been  recorded.  Such  waters, 
therefore,  are  much  less  corrosive  than  river 
waters  at  the  same  temperature.  In  the  Arctic 
Ocean,  on  the  other  hand,  the  temperature  often 
lies  below  0°C.,  and  such  waters  are  much  more 
corrosive  than  fresh  waters.  Between  these  two 
extremes  all  grades  of  temperature  occur  with 
corresponding  fluctuations  in  the  relative 
corrosivities. 

It  is  a matter  of  common  knowledge  that 
alkalis,  if  present  in  sufficient  quantity  in 
solution,  will  completely  inhibit  corrosion. 
The  merest  traces  of  sodium  or  potassium 
hydroxide  will  suffice  to  do  this  provided  the 
solution  is  protected  from  neutralisation  by  the 
carbon  dioxide  of  the  air.  Upon  exposure  to 
the  ordinary  atmosphere,  however,  carbonates 
are  produced,  and  these  tend  to  stimulate  cor- 
rosion at  ordinary  temperature  unless  the 
concentration  of  the  alkali  hydroxide  is  suffi- 
ciently great  to  yield  at  least  the  limiting 
concentration  of  alkali  carbonate,  namely,  a 
0‘25  p.c.  solution.  An  interesting  case  arises 
when  iron  is  immersed  in  alkaline  solutions 
containing  dissolved  inorganic  salts.  For  ex- 
ample, iron  will  remain  untarnished  for  an 
indefinite  period  in  a 1 p.c.  solution  of  potassium 
hydroxide.  Upon  addition  of  potassium  chloride 
however,  corrosion  is  readily  induced.  It  is 
possible,  however,  to  increase  the  concentra- 
tion of  the  alkali  to  such  an  extent  that  corro- 
sion is  entirely  inhibited,  no  matter  what 
concentration  of  chloride  be  added.  The 
minimum  amount  of  alkali  required  to  inhibit 
corrosion  varies  with  the  nature  of  the  added 
salt,  and  rises  with  tlie  concentration  of  the  same 


until  saturation  of  the  last-named  is  reached. 
It  is  important  to  note  that  when  iron  corrodes 
in  alkaline  solution,  the  rust  invariably  takes 
the  form  of  pitting,  being  localised  at  various 
points  on  the  surface  of  the  metal.  When 
scraped  away  its  interior  is  found  to  be  dark, 
consisting  largely  of  ferrous  oxide,  and  the  metal 
is  observed  to  be  eaten  out  or  corroded  into  a 
small  pit.  The  original  cause  of  this  pitting  is 
probably  the  presence  of  traces  of  superficial 
impurity ; nevertheless,  even  the  purest  forms 
of  commercial  iron,  such  as  Kahlbaum’s  electro- 
lytic metal,  readily  pit  in  this  manner.  This  is 
a point  of  considerable  importance  to  boiler 
engineers,  inasmuch  as  alkaline  feed  waters 
are  liable  to  produce  serious  trouble.  It  is  not 
difficult  to  imagine  that  a large  iron  boiler  or 
tank  might  very  well  lose  several  pounds  in 
weight  through  a uniform  superficial  corrosion, 
and  not  be  seriously  injured  thereby.  Yet  the 
loss  of  only  half  an  ounce,  if  localised  in  the  form 
of  a deep  pit  passing  entirely  through  the  metal, 
might  be  disastrous.  The  remedy  in  such 
cases  appears  to  lie  in  raising  the  concentration 
of  the  alkali  until  the  inhibiting  point  is  reached. 

Various  factors  influencing  corrosion. — It 
has  already  been  indicated  that  the  concentra- 
tion of  dissolved  oxygen  at  the  surface  of  the 
metal  has  a very  important  influence  on  the 
progress  of  rusting.  Practical  experience  con- 
firms this  in  many  ways.  Pipe  lines  conveying 
water  have  been  known  to  fail  mainly  on 
account  of  the  extreme  aeration  of  the  water. 
Bridge  structures  always  rust  most  readily  near 
the  water  level,  particularly  if  the  water  is  in 
slight  motion  {see  Cobb,  J.  Iron  Steel  Inst.  1911, 
I.  170).  Iron  work  which  is  deeply  immersed  in 
water  or  deeply  buried,  rusts  much  more  slowly 
than  that  which  is  nearer  to  the  atmosphere. 
The  oxygen  used  up  at  the  metal-water  surface, 
is  gradually  replaced  by  diffusion  from  the  air- 
water  surface,  and  anything  which  prevents  or 
decreases  the  rate  of  diffusion,  such  as  reduction 
in  the  size  of  air- water  surface,  or  covering  it 
with  a layer  of  material  impermeable  to  oxygen, 
will  delay  rusting.  The  rate  of  flow  of  the  water 
past  the  metal  might  be  expected  to  have  an 
influence  in  this  respect,  and  Heyn  and  Bauer 
(Mitt.  Konigl.  Material-priifungsamt,  1910,  28, 
93)  have  actually  found  that  slight  motion 
increases  the  rate  of  corrosion  for  both  cast 
iron  and  steel,  especially  the  former.  With  an 
increased  rate  of  flow,  however,  the  corrosion 
decreased  again.  At  high  temperatures,  it  is 
naturally  found  that  the  tendency  to  rust  is 
greatly  increased  although,  under  many  con- 
ditions, this  may  be  compensated  for  by  the 
diminution  in  the  supply  of  oxygen  caused  by 
the  lower  solubility. 

Influence  of  'physical  condition. — It  is  an 
experimental  fact  that  two  samples  of  iron  may 
possess  precisely  the  same  chemical  composition 
and  yet  exhibit  a marked  difference  in  their 
powers  of  resisting  corrosive  influences.  This 
is  attributable  to  variation  in  the  physical  pro- 
perties of  the  metals.  A series  of  interesting 
experiments  was  carried  out  by  Andrews  (Min. 
Proc.  Inst.  Civil  Eng,  1894,  118,  356)  on  this 
point,  with  the  object  of  determining  the  influence 
of  tensile,  torsional  and  flexional  stresses,  re- 
spectively, upon  corrosion.  In  so  far  as  the 
first  of  these,  namely,  the  tensile  stress,  was 
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concerned,  it  was  found  that  the  strained 
portion  was  cathodic  to  the  unstrained  when 
both  were  connected  in  a cell  containing  sodium 
chloride  solution ; in  other  words,  the  strained 
portion  resisted  corrosion  more  successfully  than 
the  unstrained.  On  the  other  hand,  Hambuechen 
(Bull.  Univ.  Wisconsin,  Eng.  Ser.  8,  1900),  after 
a similar  series  of  experiments,  was  led  to  an 
opposite  conclusion.  This  apparent  discrepancy 
is  explained  by  the  work  of  Richards  and  Behr 
(Pub.  Carnegie  Inst.,  Washington,  1906),  which 
makes  it  clear  that  any  difference  of  potential 
existing  between  strained  and  unstrained 
portions  of  metal  is  very  small  and  is  greatly 
influenced  in  direction  by  local  circumstances. 
Burgess  (Trans.  Amer.  Electrochem.  Soc.  1908, 
13,  17)  found  that  iron  deformed  by  stretching 
beyond  the  elastic  limit  corrodes  more  rapidly 
than  unstrained  portions,  and  this  is  supported 
by  the  work  of  Heyn  and  Bauer  (J.  Iron  Steel 
Inst.  1909,  I.  109).  As  regards  the  influence 
of  torsional  and  flexional  stress,  Andrews  found 
the  unstrained  portions  to  be  more  susceptible 
to  corrosion  than  the  strained.  Here  again  the 
extent  of  the  strain  and  the  local  conditions  will 
each  exert  due  influence  upon  the  result. 

In  1911  Hanemann  drew  attention  to  some 
interesting  effects  produced  by  heat  treatment 
upon  the  resistance  of  steel  to  acid  attack  (Stahl 
und  Eisen,  1911,  31,  1365).  He  showed  that 
each  steel,  according  to  its  carbon  content, 
appears  to  have  an  optimum  quenching  tempera- 
ture, at  which  a maximum  tensile  strength  is 
obtained.  His  results  further  indicated  the 
existence  of  a close  connection  between  the 
tensile  strength  and  solubihty  of  the  steel,  the 
steel  with  the  highest  tensile  strength  exliibiting 
the  greatest  solubility  in  acid.  From  the  fore- 
going it  is  evident  that  the  physical  condition 
of  the  metal  exerts  an  important  influence  upon 
its  corrodibility. 

Influence  of  chemical  composition. — The 
chemical  composition  of  iron  or  steel  has  an 
important  bearing  upon  its  resistance  to  cor- 
rosion. This  is  most  marked  in  the  case  of 
cast  iron  and  steel,  since  these  have  a wider 
range  of  composition  than  wrought  iron.  The 
most  usual  effects  of  alloying  elements  may  be 
summarised  as  follows  (Friend,  Paper  read 
before  Staffs.  Iron  and  Steel  Inst.  Feb.  21,  1914). 

1.  Some  elements,  such  as  sulphur,  exist 
in  steels  in  the  form  of  relatively  oxidrsable  com- 
pounds. In  manganiferous  and  cupriferous 
steels  the  sulphur  is  present  mainly  as  the  sul- 
phides of  copper  and  manganese.  These  readily 
undergo  oxidation  to  sulphureous  acids  which 
stimulate  corrosion. 

2.  Not  a few  elements  combine  with  iron 
forming  alloys  or  compounds  highly  resistant 
to  corrosion.  Such  appears  to  be  the  case  with 
phosphorus,  nickel,  chromium,  and  silicon. 

3.  The  presence  of  one  element  may  tend  to 
alter  the  chemical  or  physical  condition  of  a 
second  element  present  in  the  iron  or  steel. 
For  example,  silicon  tends  to  throw  the  carbon 
out  of  combination  with  the  iron,  and  effect 
its  separation  in  the  form  of  graphite.  This  is 
a well-known  reaction  in  blast  furnace  practice, 
and  the  consequence  is  that  the  corrodibihty  of 
the  metal  is  not  only  influenced  by  the  presence 
of  the  silicon  per  se,  but  also  by  the  altered 
condition  of  the  carbon. 


4.  Alloying  elements  tend  to  produce  segre- 
gation or  unequal  distribution  of  the  components 
of  the  metal  during  solidification.  Serious 
differences  of  potential  are  thereby  initiated 
and  the  liability  to  corrode  is  proportionately 
enhanced. 

In  addition  to  lack  of  homogeneity  in  the 
metal  itself  it  must  be  remembered  that  contact 
with  a less  electro-positive  metal,  the  presence 
of  small  quantities  of  mill  scale  (Fe304),  or  even 
of  rust  itself,  will  cause  the  iron  to  become  the 
soluble  electrode  in  a galvanic  circuit  and  there- 
by hasten  its  corrosion.  It  is  therefore  always 
advisable  to  avoid  making  contacts  with  other 
metals,  or  even  with  other  kinds  of  iron,  at 
points  where  electrolytic  action  might  take 
place.  The  fact  that  iron  in  constant  use  does 
not  corrode  so  fast  as  when  at  rest  has  been 
ascribed  to  the  fact  that  any  oxides  formed  are 
quickly  removed  and  do  not  remain  to  exercise 
a galvanic  influence. 

Influence  of  carbon  and  manganese.- — Two 
of  the  most  important  alloying  elements  in  steel 
are  carbon  and  manganese,  and  the  influence  of 
these  upon  the  corrodibility  of  the  metal  has 
been  made  the  subject  of  considerable  study. 
Hadfield  and  Friend  (J.  Iron  Steel  Inst.  1916, 
I.  48)  summarised  their  results  as  follows  : 
1.  The  addition  of  carbon  from  0'03  to  L63  p.c. 
to  pure  iron  containing  less  than  0‘2  p.c.  of 
manganese,  results  in  a steadily  increasing  rate 
of  corrosion  both  in  tap  water  and  in  sea  water  : 
an  initial  fall  in  corrosion  with  a rapid  rise  to  a 
maximum  with  LOS  p.c.  carbon  in  alternate 
wet  and  dry ; and  a rapid  rise  in  corrosion  to 
a maximum  with  0'8  p.c.  carbon  when  exposed 
to  the  action  of  dilute  sulphuric  acid. 

2.  The  addition  of  0*7  p.c.  of  manganese  to 
the  above  steels  results  in  a slightly  increased 
corrosion  in  tap  water,  sea  water,  and  in  alternate 
wet  and  dry  tests,  with  a carbon  content  of  up 
to  about  0’4  to  0‘6  p.c.  With  higher  carbon 
contents  the  manganese  generally  affords  a 
slight  protection,  which  is  very  decided  in  the 
wet  and  dry  tests.  On  the  other  hand,  the 
presence  of  the  manganese  enormously  increases 
the  solubility  of  the  steels  of  all  carbon  contents 
in  dilute  sulphuric  acid.  This  is  a point  of 
great  commercial  importance  since  in  ordinary 
steels  the  manganese  content  is  very  liable  to 
fluctuate  between  0‘2  and  0'7  p.c.  and  it  is  very 
evident  that  the  latter  are  unsuited  for  acid 
atmospheres  or  liquors.  For  example,  in  large 
towns  considerable  quantities  of  sulphur  acids 
are  found  in  the  atmosphere,  owing  to  the 
combustion  of  bituminous  coal,  which,  containing 
a small  percentage  of  iron  pyrites,  leads  to  the 
formation  of  sulphur  dioxide,  and  this  dissolving 
in  rain  rapidly  oxidises  to  sulphuric  acid,  giving 
the  rain  water  an  acid  reaction.  It  has  been 
shown  that  in  the  industrial  quarters  of  a large 
manufacturing  town  this  acidity  will  some- 
times represent  as  much  as  90  lbs.  of  sul- 
phuric acid  per  acre  per  annum,  whilst  in  the 
residential  quarters  it  will  probably  not  be  more 
than  about  25  lbs.  The  sulphuric  acid,  however 
dilute,  coming  in  contact  with  iron-work,  accele- 
rates the  rusting,  and  by  its  corrosive  action 
renders  more  difficult  the  protection  of  the  metal. 

For  such  districts  steels  of  very  low  manganese 
content  would  appear  to  be  most  suitable. 

3 By  increasing  the  manganese  content  to 
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2 p.c.  upwards  the  corrodibility  of  the  steels  is 
greatly  decreased  in  neutral  media,  although 
in  dilute  sulphuric  acid  the  solubility  is  greatly 
enhanced. 

Numerous  other  researches  on  the  influence 
of  carbon,  nickel,  chromium,  copper,  &c.,  have 
been  carried  out  by  Breuil,  Chappell,  Aitchison, 
Buch,  Diegel,  and  others,  but  for  accounts  of  these 
the  reader  is  referred  to  the  J.  Iron  Steel  Inst. 

Relative  corrodibilities  of  wrought  iron  and 
steel. — ^The  question  as  to  which  of  the  two 
metals,  wrought  iron  or  steel,  is  the  more  re- 
sistant to  corrosion  is  one  which  has  attracted 
much  attention.  The  subject  has  been  discussed 
by  several  investigators  (see  Trans.  Faraday  Soc. 
1916,  11,  part  2),  who  point  out  that  the  mean 
result  of  examining  a large  number  of  samples  of 
wrought  iron  and  of  steel  after  exposure  to 
corroding  influences  indicates  that  the  two 
metals  are  practically  equally  resistant.  Never- 
theless wide  divergences  exist  between  the 
different  irons  and  steels  in  individual  cases. 
This  is  not  necessarily  due  to  any  irregularities 
in  the  metals  themselves,  but  rather  is  it  attri- 
butable to  the  fact  that  no  one  metal  can  be 
expected  to  offer  an  equal  resistance  to  all 
kinds  of  corrosive  influences.  The  problem 
thus  becomes  one  of  determining  which  variety 
of  iron  or  of  steel  is  the  most  suitable  for  any 
particular  purpose.  It  is  conceivable  that 
certain  makes  of  wrought  iron  will  prove  most 
useful  in  certain  circumstances,  whilst  under 
other  conditions  it  will  prove  better  to  employ 
steel.  Field  tests,  which  are  urgently  needed  to 
throw  light  upon  these  obscure  problems,  are  in 
progress. 

Corrosion  of  cast  iron. — Comparatively  little 
research  work  has  been  published  on  the  cor- 
rosion of  cast  iron.  In  1883  Griiner  found  that 
cleaned  cast  iron  was  less  attacked  by  air  and 
moisture  than  wrought  iron  or  steel  (Compt. 
rend.  1883,  96,  195),  but  was  more  readily 
attacked  by  dilute  acids.  This  latter  observa- 
tion was  confirmed  in  1915  by  Friend  and 
Marshall  (J.  Iron  Steel  Inst.  1915,  I.  353), 
working  with  a mild  steel  and  grey  cast  iron. 
In  neutral  corroding  media  there  was  little  to 
choose  between  the  two  metals.  The  same 
investigators  found  {ibid.  1913,  I.  382)  also 
that  a variation  in  the  percentage  of  silicon 
between  the  limits  of  1’2  and  2 ‘3  p.c.  exerts  no 
influence  per  se  upon  the  corrodibility  of  the 
metal.  The  fact  that  in  many  cases  cast  iron 
objects  appear  to  have  a longer  life  than  corre- 
sponding ones  in  wrought  iron  or  steel  is  attri- 
butable to  the  protection  afforded  by  the  outer 
skin  formed  on  the  cast  iron  during  casting. 
This  may  also  account  for  the  greater  resistance 
offered  by  cast-iron  pipes  to  the  destructive 
action  of>  stray  electric  currents  (Brown,  Elec- 
trical Engineer,  New  York,  1898,  26,  441). 

Acceleration  tests. — In  order  to  determine 
what  particular  variety  of  iron  or  steel  will 
resist  corrosion  most  effectively  many  attempts 
have  been  made  to  employ  rapid  chemical  tests 
in  the  laboratory.  One  of  the  most  usual  of 
these  consists  in  immersing  different  samples 
of  the  metal  in  dilute  sulphuric  acid  for  definite 
intervals  of  time  and  noting  the  losses  in  weight. 
Those  specimens  that  dissolve  most  readily  are 
regarded  as  most  readily  corrodible.  It  cannot 
be  too  strongly  emphasised,  however,  that  such 


tests  are  of  no  general  value  whatever.  The 
only  reliable  method  consists  in  experimenting 
with  the  samples  of  metal  under  precisely 
similar  conditions  to  those  to  which  the  metal 
will  be  exposed  in  practice.  This,  it  is  true,  is 
a slow  process,  but  the  results  are  sure. 

Prevention  of  rwsi.— Where  the  use  to  which 
iron  is  to  be  put  does  not  admit  of  any  pro- 
tective coating,  it  is  obviously  necessary  to 
consider  all  the  above  questions,  with  a view  to 
providing  conditions  which  shall  keep  corrosion 
as  slow  as  possible.  The  steel  plates  of  a steam 
boiler,  for  instance,  are  subjected  to  very 
stringent  conditions  which  often  cause  extensive 
pitting,  so  that  apecial  attention  has  to  be 
given  both  to  the  metal  of  which  the  boiler  is 
contained  and  to  the  feed  water.  An  example 
is  described  by  Huntley  (J.  Soc.  Chem.  Ind. 
1909,  28,  339)  of  remarkable  corrosion  in  a 
stand-by  boiler  which  could  not  be  prevented 
by  adding  alkalis  to  the  water.  Blisters  were 
found  near  the  water  level  of  the  boiler,  filled 
Avith  a liquid  which  contained  ferrous  sulphate 
and  sulphuric  acid.  The  production  of  the  sul- 
phuric acid  was  found  to  be  due  to  the  presence 
of  manganese  sulphide  in  the  steel.  The 
blister  of  rust  had  retained  the  sulphuric  acid, 
and  oxygen  passed  in  to  oxidise  the  sulphide 
more  rapidly  than  sodium  hydroxide  to  neutra- 
lise the  resulting  acid.  In  this  case,  a remedy 
was  effected  by  the  addition  of  sodium  arsenite, 
which  presumably  acted  as  a reducing  agent 
combining  with  the  dissolved  oxygen.  There  are 
various  other  devices  for  the  removal  of  oxygen, 
such  as  passing  the*  feed  water  over  scrap  iron 
in  a closed  box,  or  the  addition  of  an  alkaline 
solution  of  tannin,  which  in  the  boiler  forms 
strongly  reducing  pyrogallate.  The  use  of 
dichromates  or  chromates  has  already  been  re- 
ferred to,  although  the  practice  has  not  yet 
been  widely  tested  on  the  large  scale.  Other 
attempts  to  protect  iron  have  been  made  by 
placing  pieces  of  zinc  in  contact  with  the  metal 
so  that  the  iron  would  be  protected  at  the 
expense  of  the  zinc.  This  practice  is  not  very 
economical,  and  usually  the  effect  of  the  zinc  is 
confined  to  its  immediate  locality.  In  certain 
circumstances,  however,  the  method  is  of  value. 
A method  of  preventing  or  retarding  the  corro- 
sion of  boilers  consists  in  applying  an  external 
current  so  that  the  boiler  shell  is  the  cathode, 
an  immersed  piece  of  wrought  iron  the  anode, 
and  the  boiler- water  the  electrolyte.  A current 
of  1 to  2 amperes  at  4 to  8 volts’  pressure  is  said 
to  show  a satisfactory  reduction  in  the  extent  of 
the  attack  on  the  plates  (Harker  and  Macna- 
mara,  J.  Soc.  Chem.  Ind.  1910,  22,  1286). 

Where  conditions  permit  it,  and  especially 
in  the  case  of  structural  iron  work,  it  is  of 
course  a matter  of  economy  to  give  to  exposed 
iron  work  a protective  coating.  The  first 
essential  is  to  provide  a coating  which  shall  be 
as  impervious  as  possible  to  air  and  water. 
Further  considerations  arise,  particularly  with 
regard  to  the  course  of  events  at  points  where 
the  coating  has  given  way.  For  small  articles 
a film  of  vaseline,  black  lead,  or  similar  material 
which  can  be  readily  renewed  is  of  great  practical 
value.  A coating  of  hot  tar  or  pitch  (Angus 
Smith)  has  also  found  wide  application.  Wire 
and  articles  of  sheet  metal  may  be  protected 
by  means  of  a coating  of  a less  corrodible  metal, 
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usually  zinc  or  tin.  Tin  plate  finds  its  widest 
application  in  the  manufacture  of  vessels  to 
contain  foodstuffs,  and  other  articles  for  which 
a long  life  is  not  desired.  It  is  less  suitable  for 
severe  conditions,  since  at  any  point  where  the 
iron  has  become  exposed  a couple  is  produced  in 
which  the  more  electro-positive  iron  acts  as  the 
soluble  electrode  and  suffers  rapid  corrosion. 
It  is  therefore  of  importance  that  the  tin  should 
be  as  free  from  pinholes  as  possible,  and  the 
ferroxyl  indicator  applied  in  a thin  layer  to  the 
surface  of  the  metal  is  a very  valuable  indica- 
tion of  the  extent  to  which  they  exist.  Every 
pinhole  is  indicated  by  the  development  of  a 
blue  spot  which  shows  that  iron  is  passing  into 
solution.  In  galvanised  or  zinc-coated  iron  the 
state  of  affairs  is  reversed.  The  zinc  protects 
the  iron  first  by  its  own  resistance  to  corrosion, 
and  then  when  the  coating  is  broken,  by  the  fact 
that  the  iron  is  protected  at  the  expense  of  the 
more  electro-positive  zinc.  There  are  several 
methods  now  in  use  for  providing  the  zinc 
coating  in  the  most  suitable  form.  In  the  hot 
dip  method  the  iron,  after  passing  through  a 
‘ fluxing  solution,’  is  dipped  into  molten  zinc. 
The  fluxing  solution  which  has  for  its  object  the 
cleaning  of  the  iron  surface  usually  contains 
hydrochloric  acid,  and  the  traces  of  this  which 
are  carried  over  often  have  an  undesirable 
effect  in  producing  corrosion  of  the  finished 
product.  In  addition  to  the  care  necessary  to 
avoid  this  effect,  it  is  very  important  to  control 
the  bath  so  that  a sufficiently  uniform  and  thick 
layer  of  zinc  shall  be  produced  on  the  iron. 
Other  methods  of  depositing  the  zinc  are  by 
electrolysis  and  by  exposure  to  the  vapour  of 
zinc  (Sherardising),  and  it  is  claimed  that  both 
these  methods  produce  a more  resistant  coating 
than  the  hot  dip  process.  The  uniformity  of  a 
zinc  coating  can  be  tested  by  dipping  the  metal 
in  a hot  concentrated  solution  of  caustic  soda 
(Walker,  Proc.  Amer.  Soc.,  Testing  Materials, 
1909,  8,  430).  Pure  zinc,  under  such  conditions, 
is  practically  unaffected,  but  in  contact  with 
iron,  as  it  would  be  where  there  were  cracks  or 
pinholes  in  the  coating,  a current  of  hydrogen  is 
produced  from  the  iron.  Tested  in  this  way, 
hot  galvanised  iron  was  found  by  Walker  to 
be  relatively  free  from  imperfections,  but  wet 
or  electrolytically  galvanised  was  frequently 
porous,  indicating  the  necessity  for  careful 
supervision  of  the  rate  of  deposition  of  the  zinc 
so  as  to  obtain  the  most  adherent  coating.  A 
number  of  other  protective  devices,  mostly 
patented,  depend  upon  the  production  from  the 
iron  itself  of  a resistant  surface  layer.  The 
best  known  of  these  is  the  Barff-Bower  method 
of  producing  a fine  closely  adhering  layer  of 
magnetic  oxide,  by  the  action  of  steam  on  the 
heated  metal.  In  this  way  a very  uniform 
and  durable  coating  can  be  obtained  on  articles 
which  are  not  too  large.  When  the  metal  does 
become  exposed,  however,  the  oxide  forms  with 
the  metal  a couple  which  results  in  stimulated 
corrosion  of  the  iron.  In  the  Tatlock  process, 
the  magnetic  oxide  is  obtained  by  heating  in  a 
bath  of  fused  sodium  or  potassium  nitrate.  The 
Coslett  process,  which  is  largely  used  in  bicycle 
manufacture,  depends  on  the  production  of  an 
insoluble  layer  of  phosphate  by  the  regulated 
action  of  phosphoric  acid.  These  and  similar 
methods  of  protection  are  all  fairly  efficient  for 


the  protection  of  smaller  articles  or  sheets  of 
iron  under  not  too  stringent  conditions.  But 
where,  as  is  often  the  case  with  structural  and 
massive  ironwork,  the  water  may  contain  much 
soluble  foreign  matter  (often  of  an  acid  nature), 
the  progress  of  corrosion  must  be  carefully 
watched  and  checked.  This  involves  the  use 
of  a protective  coat  which  shall  be  renewable 
in  situ  and  easily  apj)lied.  For  this  reason,  a 
considerable  amount  of  attention  is  now  being 
paid  to  the  protection  of  iron  work  b}^  paint. 

Paints  usually  consist  of  an  intimate  mixture 
of  pigment  and  liquid  vehicle.  As  regards  the 
latter  it  is  essential  that  it  should  excel  in 
chemical  permanence,  imperviousness  towards 
air  and  moisture,  electric  insulation,  chemical 
inertness  towards  iron,  resistance  towards 
physical  damage,  elasticity,  and  finally  in  its 
drying,  hardening  or  setting  power.  The 
vehicle  most  commonly  in  use  is  linseed  oil, 
which,  upon  exposure  to  air,  absorbs  oxygen, 
being  transformed  into  a tough,  elastic  solid 
called  linoxyn.  This  oxidation  proceeds  only 
slowly  in  the  case  of  the  raw  od  as  obtained 
by  pressure  from  linseed,  and  in  order  to  facili- 
tate the  setting,  a substance  termed  a drier  is 
usually  added,  which,  by  some  means  not 
thoroughly  understood,  assists  the  oil  to  combine 
with  the  atmospheric  oxygen.  To  the  same  end 
linseed  oil  is  frequently  heated,  either  in  the 
absence  of  air  or  whilst  a current  of  air  is  blown 
through ; a drier  may  or  may  not  be  added  in 
this  case,  according  to  circumstances. 

The  absorption  of  oxygen  by  the  oil  is  at 
first  accompanied  by  a slight  expansion,  amount- 
ing in  the  case  of  pure  raw  Calcutta  oil  to  about 
3 p.c.  at  15°C.  (Friend,  Trans.  Chem.  Soc.  1917, 
111,  162).  Hence  when  thick  layers  of  paint 
are  exposed  to  the  air  the  outer  layer  becomes 
oxidised  most  rapidly  and  by  expanding  causes 
the  familiar  crinkled  appearance.  For  this 
reason  the  painter  prefers  to  apply  his  paint 
in  thin  layers,  so  that,  upon  drying,  a smooth 
and  uniform  coat  results. 

If  the  oxidation  of  the  oil  stopped  at  the 
formation  of  the  solid  linoxyn  the  paint  film 
would  be  very  permanent.  Unfortunately  such 
is  not  the  case.  Further  oxidation  takes  place, 
although  very  slowly,  water,  carbon  dioxide, 
and  other  products  being  evolved,  and  accom- 
panied by  a simultaneous  contraction  and 
embrittling  of  the  film.  In  course  of  time 
the  contraction  becomes  so  great  that  the  film 
cracks  and  peels  away.  Such  old  films  are  a 
source  of  danger  to  ironwork,  inasmuch  as  they 
not  only  fail  to  protect  the  metal,  but  actually 
stimulate  corrosion  (Walker  and  Lewis,  J.  Ind. 
Eng.  Chem.  1909,  1.  754).  Hence  when  crack- 
ing of  the  paint  film  has  once  begun  it  is  desirable 
to  scrape  off  the  old  paint  and  apply  an  entirely 
fresh  coating.  All  the  drying  oils  are  open  to 
this  objection,  and  attempts  have  been  made  to 
utilise  other  liquid  vehicles,  such  as  nitrated 
cellulose  in  amyl  acetate,  &c. 

The  heating  of  linseed  oil,  referred  to  above, 
induces  a certain  amount  of  polymerisation, 
reducing  its  permeability  to  moisture  and 
generally  increasing  its  protective  power  when 
used  in  paint  for  iron  work.  Light  greatly  ac- 
celerates the  setting  of  the  oil,  but  unfortunately 
it  also  accelerates  its  subsequent  decomposition; 
for  this  reason,  other  things  being  equal,  the 
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most  permanent  paints  are  those  containing 
black  or  red  pigments,  since  these  absorb 
the  shorter  rays  of  light  apd  prevent  them 
from  hastening  the  destructive  oxidation  of 
the  linoxyn.  As  regards  the  pigments,  they 
should  be  in  a fine  state  of  division  in  order 
to  admit  of  thorough  incorporation  with  the 
oil.  They  should  also  be  insoluble  in  water, 
and  chemically  both  permanent  and  inert.  The 
last-named  property  is  largely  dependent  upon 
the  solubility  and  in  the  case  of  certain  pigments, 
such  as  the  chromes,  a very  slight  solubility  in 
moisture  is  not  altogether  a disadvantage,  since 
the  dissolved  chromate  tends  to  inhibit  corrosion, 
as  already  mentioned.  This  was  found  experi- 
mentally to  be  the  case  in  the  Atlantic  City  tests 
carried  out  under  the  aegis  of  Committee  U of 
the  American  Society  for  Testing  Materials. 
These  tests  were  begun  in  1908  and  for  details 
the  reader  is  referred  to  Cushman  and  Gardner, 
Corrosion  and  Preservation  of  Iron  and  Steel 
(New  York,  1910),  and  Gardner,  Paint  Tech- 
nology and  Paints  (New  York,  1911) ; suffice  it 
to  say,  however,  that  paint  mixtures  containing 
chromates  yielded  promising  results. 

It  is  dangerous,  however,  to  use  pigments 
that  are  markedly  soluble  in  water,  since  when 
these  have  dissolved  out  of  the  paint  film  by 
repeated  rainfalls,  pores  are  left  through  which 
moisture  and  air  readily  pass  to  the  metallic 
surface  beneath,  leading  to  serious  corrosion. 

The  chief  functions  of  a pigment  consist  in 

(1)  offering  a support  to  the  linoxyn,  thereby 
affording  a harder  and  tougher  film,  propor- 
tionately more  resistant  to  mechanical  injury ; 

(2)  reducing  the  permeability  of  the  paint  film 
to  air  and  moisture,  since  the  pigmentary 
particles  are  themselves  impervious  to  these. 
(There  are  other  functions,  but  for  further 
details  reference  may  be  made  to  Friend,  Iron 
and  Steel  Institute  Carnegie  Memoir,  1918.)' 
In  the  CEtse  of  aerial  iron  work,  a thick  coat  of 
paint  protects  the  underlying  metal  from  attack 
more  efficiently  than  a thin  coat,  provided  the 
thick  coat  is  not  so  heavily  laid  on  as  to  cause 
crinkling  or  running.  The  best  results  are 
obtained  by  multiple  coats,  two  thin  coats  being 
more  efficient  than  one  thick  one  of  equal  weight. 
The  iron  structures  should  be  painted  whilst  the 
scale  is  still  on  after  loosely  adherent  flakes  and 
rust  have  been  scraped  off.  In  this  case  the 
paint  will  last  rather  longer  than  if  applied  to 
the  pickled  or  sandblasted  surface  and  the  labour 
of  removing  the  scale  is  saved.  Rust  need  not 
be  so  carefully  removed  prior  to  painting  as 
was  formerly  believed  to  be  necessary. 

A useful  paint  for  structural  iron  work  not 
exposed  to  sea-water  consists  of  oil  with  red  lead, 
Indian  red  and  lamp  black,  the  three  pigments 
being  in  approximately  equal  proportions  by 
weight. 

Almost  equally  good  as  the  red  or  white 
lead  paints  for  protection  is  a bituminous  paint 
made  from  pitch,  the  distillation  of  which  has 
not  been  carried  too  far.  This  must  be  absolutely 
free  from  free  carbon  and  tar  acids  or  ammonium 
salts,  and  if  applied  hot  to  the  structure  to 
be  protected,  gives  very  good  results,  the  colour 
being  the  main  drawback. 

There  are  many  circumstances  in  which 
such  a bituminous  paint  is  preferable  to  an  oil 
paint,  as,  for  instance,  in  gas  works,  urinals,  or 


slaughter  houses,  where  there  is  much  ammonia 
in  the  air,  which  has  an  extraordinarily  destruc- 
tive effect  upon  oil  paints. 

Corrosion  of  iron  in  concrete. — In  view  of 
the  widespread  use  of  concrete  reinforced  with 
iron  or  steel  the  question  of  the  corrosion  of  the 
metal  in  these  circumstances  is  fraught  with 
unusual  importance.  Owing  to  the  fact  that 
iron,  upon  rusting,  undergoes  considerable 
expansion  (Bauermann,  J.  Iron  Steel  Inst. 
1888,  II.  135),  it  follows  that  should  corrosion 
of  the  metal  occur  when  it  is  embedded  in 
concrete,  a cracking  of  the  latter  becomes 
inevitable ; more  air  and  water  enter,  so  that 
corrosion  proceeds  with  an  increased  rapidity 
and  the  structure  becomes  proportionately 
weakened.  If  the  concrete  is  well  made  and  the 
whole  is  undisturbed  by  stray  electric  currents 
it  would  appear  that  ferro-concrete  structures 
may  last  almost  indefinitely.  The  ingredients 
of  the  concrete  should  not  be  too  coarse,  other- 
wise thorough  mixing  and  good  contact  will 
hardly  be  possible.  The  mixture  must  be  well 
punned  into  position  in  order  to  eliminate  voids 
in  so  far  as  is  possible.  A sufficient  thickness 
of  concrete  should  be  applied,  since,  if  it  is  too 
thin,  it  may  crack  mechanically  and  thus  admit 
air  and  water  to  the  metal.  Substances  likely 
to  contain  acids  or  acid  producing  constituents 
should  be  avoided,  such  as,  for  example,  coke 
breeze  and  slags,  which  frequently  contain 
dangerous  sulphur  compounds  [sec  Report  of 
Science  Standing  Committee  of  Concrete  Inst. 
Mar.  9,  1911.  Friend,  Trans.  Concrete  Inst. 
1917-18,  vol.  ix.). 

Concrete  may  be  advantageously  coated 
with  some  waterproofing  material  to  render  it 
still  more  impervious,  provided  such  proofing  is 
entirely  free  from  acid  or  acid  producing  sub- 
stances. This  course  is  specially  to  be  recom- 
mended in  the  case  of  reinforced  concrete 
structures  exposed  to  the  action  of  sea-water, 
since  the  salt  exerts  a deteriorating  effect  upon 
the  concrete.  For  this  reason  Creighton  points 
out  that  if  beach  gravel  is  used  in  making  the 
concrete  it  should  first  be  very  thoroughly 
washed  to  remove  the  salt,  and  furthermore  salt 
should  not  be  added  to  the  concrete  during 
building  in  cold  weather  to  prevent  its  freezing 
(J.  Franklin  Inst.,  Nov.  1917.) 

Corrosion  of  Non-Ferrous  Metals. — The 
corrosion  of  non-ferrous  metals  has  not  been 
made  the  subject  of  so  much  study  as  that 
of  iron  and  steel,  nevertheless  a considerable 
amount  of  useful  information  has  been  accumu- 
lated. The  rare  or  precious  metals,  such  as 
platinum,  iridium,  and  gold,  are  so  resistant 
to  oxidation  or  corrosion  at  ordinary  tempera- 
tures that  they  may  be  said,  for  all  practical 
purposes,  not  to  corrode  at  all.  Nickel  and 
cobalt  are  also  very  resistant  to  corrosion, 
although  less  so  than  the  foregoing  metals. 
Silver  tarnishes,  particularly  in  contact  with 
sulphur  or  sulphureous  substances,  and  is 
readily  pitted  or  corroded  by  chlorides  such  as 
common  salt.  Mercury  or  quicksilver  likewise 
tarnishes  upon  exposure  to  air,  but  the  layer  of 
oxide  tends  to  protect  the  underlying  metal 
from  attack,  if  the  liquid  is  kept  stationary. 
Pitting  is,  of  course,  an  impossible  phenomenon 
in  the  case  of  a liquid.  This  leaves  us  with  the 
following  commercial  metals  to  consider,  namely 
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aluminium,  copper,  lead,  tin,  and  zinc,  together 
with  their  alloys.  Such  metals  as  rhodium, 
ruthenium,  &c.,  hardly  concern  us  here,  being 
rather  of  the  nature  of  chemical  curiosities  than 
otherwise. 

Aluminium. — The  study  of  the  corrosion  of 
aluminium  has  acquired  a considerably  enhanced 
importance  of  late  years  owing  to  the  ever- 
increasing  use  of  this  metal  for  air-craft,  fittings 
of  sea-going  vessels,  and  for  domestic  culinary 
operations. 

Aluminium  tarnishes  upon  exposure  to  air, 
and  the  layer  of  oxide,  adhering  closely  to  the 
metal,  affords  good  protection  in  temperate 
climes  against  further  corrosion.  In  hot, 
tropical  countries,  where  moisture  is  plentiful, 
the  aluminium  corrodes  more  rapidly,  and  the 
coating  of  oxide,  although  apparently  continuous, 
may  be  minutely  porous.  Aluminium  drinking 
vessels  acquire  a foul  taste  in  such  climates, 
probably  owing  to  the  absorptive  properties  of 
this  porous  oxide  layer  (Desch,  Trans.  Faraday 
Soc.  1916,  11,  Part  2). 

Aluminium  is  oxidised  by  prolonged  contact 
with  hot  distilled  water  in  the  presence  of  air, 
the  insoluble  hydroxide  being  formed.  Scala 
(Atti  R.  Accad.  Lincei,  1913,  22,  (1),  43,  95) 
concludes  that  this  is  mainly  due  to  the  presence 
of  iron,  which  passes  into  pseudo  solution  in 
colloidal  form  as  ferrous  hydroxide  and  cata- 
lytically  accelerates  the  oxidation  of  the 
aluminium. 

The  greater  the  purity  of  the  metal,  and  the 
less  its  variation  in  homogeneity,  the  greater  is 
the  resistance  of  the  metal  towards  corroding 
influences.  Consequently  annealed  samples  are 
more  resistant  than  those  which  have  not  been 
so  treated  (Bailey,  J.  Inst.  Metals,  1913,  9,  79). 
Organic  acids,  particularly  when  hot  and  in 
the  presence  of  dissolved  chlorides,  act  upon 
aluminium  (Watson  Smith,  J.  Soc.  Chem.  Ind. 
1904,  23,  475),  whilst  boding  with  dilute  sodium 
carbonate  solution  causes  the  formation  of 
soluble  sodium  aluminate,  from  which  the 
hydrated  oxide  of  aluminium  is  precipitated  on 
passage  of  carbon  dioxide.  Both  pure  and 
crude  alcohol  attack  aluminium  fairly  readily, 
and  are  rendered  turbid  thereby  (Karpinski, 
Z.  Spiritus-industrie,  1912,  35,  660).  Hydrogen 
peroxide  in  dilute  solution  readily  effects  the 
oxidation  of  the  metal  (Hroste,  Chem.  Zeit. 
1913,  37,  1317),  as  do  also  dilute  solutions  of 
ammonia,  sodium  hydroxide,  and  sodium 
carbonate  respectively,  in  the  cold  (Hale  and 
Foster,  J.  Soc.  Chem.  Ind.  1915,  34,  464). 

Copper  and  its  alloys. — Copper  tarnishes  upon 
exposure  to  moist  air  at  ordinary  temperatures, 
and  the  skin  of  oxide  thus  formed  tends  to 
protect  the  underlying  metal  from  attack. 
Water  alone  does  not  appreciably  affect  copper, 
and  the  employment  of  this  metal  for  kettles 
for  boiling  water  for  culinary  purposes  is  quite 
safe.  Copper  differs  from  iron  in  that  it  does 
not  decompose  steam,  even  at  red  heat.  Indeed, 
cupric  oxide  heated  in  steam  is  reduced  to 
cuprous  oxide.  Nitric  acid  readily  attacks 
copper,  and  the  metal  oxidises  in  contact  with 
alkaline  solutions.  Dilute  hydrochloric  acid 
attacks  copper  in  the  eold  more  seriously  than 
nitric  or  sulphuric  acid  under  similar  conditions 
(Hale  and  Foster).  When  embedded  in  damp 
concrete  copper  remains  in  excellent  condition 
VoL.  II.— T. 


(Gaines,  J.  Ind.  Eng.  Chem.  1913,  5,  766). 
Sulphur  tarnishes  copper,  and  organic  acids 
gradually  convert  it  into  basic  salts  [see  Verdi- 
gris, &c.).  Solutions  of  electrolytes  such  as 
sea- water,  &c.,  also  attack  the  metal.  [See 
leport  of  Corrosion  Committee  J.  Inst.  Metals, 
1919,  21,  87.] 

The  corrosion  of  an  alloy  is  usually  a more 
Qomplicated  process  than  that  of  a single  homo- 
geneous element,  since  the  different  constituents 
in  an  alloy  do  not  behave  alike  towards  corroding 
media.  Owing  to  the  corrodibility  of  iron  and 
steel  various  alloys  of  copper  are  used  com- 
mercially on  a large  scale  for  special  purposes, 
as,  for  example,  in  the  manufacture  of  condenser 
tubes,  millions  of  which  are  in  use  at  any  moment 
by  the  Admiralty.  Consequently  a study  of  the 
conditions  under  which  corrosion  takes  place 
assumes  a position  of  corresponding  importance. 
During  the  last  few  years  increased  attention 
has  been  given  to  this  subject,  notably  by  the 
Institute  of  Metals,  and  for  full  details  of 
the  work  carried  out  under  their  auspices,  the 
reader  is  referred  to  Bengough’s  Reports  to 
the  Corrosion  Committee,  as  published  in 
the  Journal  of  the  Institute. 

Much  so-called  corrosion  of  metal-work 
really  consists  of  mechanical  abrasion.  For 
example,  furnace  gases  carrying  with  them  fine 
particles  of  solid  material  on  passing  through 
metal  tubes  tends  to  wear  them  away.  This 
action  is  accentuated  by  the  presence  of  chlorides 
or  sulphur  compounds,  since  these  yi§ld  with 
the  metal  compounds  less  hard  in  character, 
and  which  are  in  consequence  more  easily 
abraded,  or  they  may  even  give  rise  to  volatile 
salts  which  readily  disappear  as  vapour.  This  is 
a common  source  of  trouble  with  copper  and  its 
alloys. 

Brass  is  an  alloy  of  copper  and  zinc,  and  the 
resistance  offered  by  it  to  solutions  of  electrolytes 
has  been  studied  by  many  investigators.  The 
action  of  chlorides  in  particular  has  received 
attention,  notably  by  Desch  and  White  ( J.  Inst. 
Metals,  1913,  10,  305;  1914,  11,  235;  Desch, 
J.  Soc.  Chem.  Ind.  1915,  34,  258),  whose  results 
may  be  briefly  summarised  as  follows  : Corro- 
sion of  brass  takes  place  mainly  by  dezincifica- 
tion,  for  although  both  copper  and  zinc  are 
removed  in  solution,  the  proportion  of  the  latter 
metal  in  solution  and  in  the  flocculent  precipitate 
is  much  higher  than  in  the  alloy.  Consequently 
a layer  of  metal  is  left,  in  which  the  percentage 
of  zinc  is  much  less  than  in  the  original  alloy, 
and  which  has  an  open,  spongy  texture  that 
readily  yields  to  oxidation  under  the  influence 
of  air  or  dissolved  oxygen.  This  explains  the 
presence  of  the  layer  of  cuprous  oxide  frequently 
observed  on  the  corroded  surface  of  brass  tubes, 
and  which  is  thus  probably  not  of  direct,  but  of 
secondary  origin.  The  removal  of  zinc  grains 
proceeds  at  first  along  the  boundaries  of  crystal 
grains,  and  in  such  brasses  as  exhibit  twinning 
(a-brasses)  along  the  dividing  planes  between 
twin  crystals. 

The  presence  of  iron  in  solid  solution  in 
brass  accelerates  the  corrosion,  but  small 
quantities  of  lead  up  to  1 p.c.  apparently  do 
no  serious  harm  (Briihl,  J.  Inst.  Metals,  1911, 
6,  302).  With  2 p.c.  lead  a protective  layer  of 
basic  salts  is  formed,  which  tends  to  retard 
further  action  (Desch). 

2 c 
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An  interesting  example  of  corrosion  is 
afforded  by  a condenser  tube  taken  from  a 
vessel  on  the  Manchester  Ship  Canal,  and 
described  by  Desch.  The  composition  of  the 
original  metal  was  Cu,  72‘72  ; Zn,  27 ‘04  ; Fe, 
0'15  ; and  Pb,  0‘09.  Along  the  bottom  of  the 
tube  the  metal  had  been  almost  completely 
dezincified,  and  a transverse  section  showed  that 
practically  only  spongy  copper  remained.  At  a 
somewhat  higher  level  the  spongy  copper 
extended  only  partly  through  the  metal,  but 
the  boundary  between  the  copper  and  unaltered 
brass  was  perfectly  clear. 

Tin,  as  is  well  known,  greatly  enhances  the 
resistance  of  brass  to  attack  by  sea-water,  and 
for  this  reason  bronzes  are  in  considerable 
demand  for  marine  work.  The  standard 
Admiralty  alloy  for  condenser  tubes  contains 
Cu,  70;  Zn,  29;  Sn,  1*0.  The  protective 
influence  of  the  tin  appears  to  be  largely 
mechanical,  in  that  it  forms  in  neutral  or  faintly 
alkaline  solutions  of  electrolytes  a tough 
adherent  layer  of  basic  salt,  which  can  only  be 
detached  with  difficulty. 

The  behaviour  of  bronzes  towards  acid 
solutions  has  been  studied  by  Giolitti  and 
Ceccarelli  (Gazz.  chim.  ital.  1909,  39,  ii.  557), 
who  find  that  their  susceptibility  to  acid  attack 
is  intimately  associated  with  microscopical 
appearance. 

When  embedded  in  damp  concrete  (Gaines, 
J.  Ind.  Eng.  Chem.  1913,  5,  766)  both  monel 
metal  and  manganese  bronze  appear  to  resist 
corrosion  exceedingly  well.  Addition  of  phos- 
phorus to  bronzes  increases  their  resistance  to 
corrosion,  and  phosphor  bronzes,  which  contain 
up  to  1’75  p.c.  of  phosphorus,  have  proved 
very  valuable  in  marine  work. 

Alloys  of  copper  and  aluminium,  such  as 
those  containing  up  to  10  p.c.  of  the  latter 
metal,  have  also  proved  very  resistant  to  sea- 
water and  dilute  alkalies,  a property  that  is 
further  enhanced  by  the  addition  of  nickel 
(Read  and  Greave,  J.  Inst.  Metals,  1914,  11, 
169),  although,  curiously  enough,  the  nickel,  if 
it  has  any  action  at  all,  tends  to  increase  the 
corrodibility  of  the  alloys  in  tap  water,  dilute 
mineral  acids,  and  vinegar. 

Lead. — ( 1)  Pure  Lead.  The  corrosion  of  lead 
of  exceptional  purity  has  been  investigated  by 
Lambert  and  Cullis  (Trans.  Chem.  Soc.  1915, 
107,  210).  The  metal,  having  been  prepared 
in  a high  state  of  purity  by  the  method  of 
Stas  (Bull.  Acad.  roy.  Belg.  1860,  10,  295),  was 
finally  distilled  in  vacud  in  quartz  tubes  at  a 
temperature  approximating  to  1200°  C.  Its 
behaviour  towards  air,  water,  and  a mixture  of 
oxygen  and  water  was  then  investigated.  It  was 
observed  that,  if  the  metal  was  exposed  to  air 
only  a short  time  after  distillation,  its  surface 
was  quickly  tarnished  in  the  cold,  indicative 
of  slight  superficial  oxidation.  If  the  metal, 
however,  was  kept  in  vacuo  for  several  months, 
subsequent  exposure  to  air  did  not  cause  any 
appreciable  decrease  of  lustre  for  several  days. 

Other  samples  of  freshly  distilled  lead 
underwent  rapid  corrosion  upon  exposure  to 
pure  water  and  oxygen.  In  the  case  of  totally 
submerged  specimens,  white  crystals  of  lead 
hydroxide  were  formed,  together  with  a brown 
deposit,  probably  consisting  of  hydrated  plum- 
bous oxide  Pb20, 2115,0.  When  the  metal  was 


only  partially  immersed  in  the  wa.ter  a bright 
yellow  oxide  was  formed  within  half  an  hour  of 
the  admission  of  oxygen.  The  colour  gradually 
turned  to  a dull  red,  the  change  requiring  many 
months  for  completion,  being  accelerated  by 
exposure  to  sunlight. 

A sample  of  lead  kept  in  contact  with  water 
for  12  months  in  vacuo  presented  an  undiniinished 
lustre,  and  no  evidence  was  obtained  in  other 
experiments  indicative  of  the  slightest  solubility 
of  the  metal  under  such  conditions.  Admission 
of  pure  oxygen  led  to  no  visible  corrosion  or 
tarnishing  for  more  than  a week,  and  even  after 
six  months  oxidation  had  proceeded  to  such  a 
slight  extent  that  the  layer  of  oxide  was  suffi- 
ciently attenuated  to  display  interference 
colours. 

From  the  foregoing  it  is  evident  that  pure, 
distilled  lead  behaves  somewhat  differently 
towards  air  or  aerated  water,  according  to  its 
‘ age,’  the  specimens  that  have  been  most 
recently  distilled  proving  more  susceptible  to 
corrosion  than  those  that  have  had  time  to  age, 
although  the  actual  mechanism  of  the  corrosion 
appears  to  be  the  same  in  either  case.  Most 
probably  this  is  due  to  a difference  in  the  physical 
character  of  the  metal,  and  it  is  in  accordance 
with  the  behaviour  of  other  substances  to 
suppose  that  the  most  unstable  form  or  forms 
will  predominate  in  the  freshly  distilled  metal, 
thus  giving  it  a heterogeneous  character  which 
gradually  settles  down  to  a homogeneous  con- 
dition of  maximum  stability. 

(2)  Commercial  Lead.  Although  commercial 
lead  is  a remarkably  pure  metal  for  technical 
and  trade  purposes,  it  cannot  be  compared 
with  the  distilled  product  of  Lambert  and 
Cullis.  It  is  important,  therefore,  to  study  its 
behaviour  towards  such  corroding  agents  as  are 
commonly  met  with  in  practice.  This  is  particu- 
larly necessary,  since  the  subject  is  intimately 
associated  with  the  national  health  owing  to  the 
extensive  employment  of  leaden  pipes  for  the  con- 
veyance of  potable  waters  to  private  dwellings. 

The  results  obtained  by  early  investigators 
are  somewhat  conflicting  in  many  of  their 
details  {see  Summary  by  Heap,  J.  Soc.  Chem. 
Ind.  1913,  32,  771,  811,  847),  but  the  following 
facts  may  be  regarded  as  well  established. 
Although  Lambert  found  that  pure  water 
exerts  no  appreciable  solvent  action  upon  pure 
distilled  lead  in  finite  time,  it  is  generally  agreed 
that  distilled  water,  freed  from  air  by  boiling, 
readily  dissolves  commercial  lead,  and  even 
refined  lead.  Clowes  (Proc.  Chem.  Soc.  1902, 
18,  46)  found  that  a sample  of  very  pure  lead 
dissolved  to  the  extent  of  0’3  gram  per  million 
parts  of  water,  and  according  to  Traube- 
Mengarini  and  Scala  (Mem.  R.  Accad.  Lincei, 
1911,  8,  576),  the  dissolved  metal  is  suspended 
in  the  water  in  colloidal  form.  Admission  of 
oxygen  converts  the  colloidal  metal  into  colloidal 
hydrated  oxide,  the  particles  of  which  slowly 
aggregate  to  give  a crystalline  deposit,  the  liquid 
becoming  turbid.  Oxygenated  waters  are  thus 
very  corrosive  towards  lead. 

The  question  now  arises  as  to  the  influence 
exerted  by  atmospheric  carbon  dioxide  upon  the 
foregoing  reactions.  Water  containing  dissolved 
carbon  dioxide  has  but  little  action  upon  lead 
in  the  absence  of  oxygen,  and  the  presence  of 
carbon  dioxide  in  oxygenated  waters  reduces 
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their  corrosive  action  by  effecting  the  precipita- 
tion of  an  insoluble  carbonate  of  lead  which 
protects  the  metal  from  further  attack.  Thus, 
for  example,  Graham  (J.  Soc,  Chem.  Ind.  1851, 
4,  400)  found  that  pyrophoric  lead,  which  is 
simply  the  metal  in  a state  of  exceedingly  fine 
subdivision,  rapidly  renders  aerated  waters 
poisonous  if  carbon  dioxide  is  not  present,  in 
consequence  of  the  formation  and  solution  of 
lead  hydroxide,  which  is  soluble  to  the  extent 
of  1 part  of  PbO  in  10,000  parts  of  water 
(Pleissner,  Chem,  Zentr.  1907,  11,  1055).  The 
presence  of  3 p.c,  of  carbon  dioxide,  however, 
prevents  the  water  from  becoming  poisonous 
owing  to  the  formation  of  relatively  insoluble 
lead  carbonate,  1 part  of  which  requires  4 million 
parts  of  water  to  effect  its  complete  solution. 
Lead  is  readily  attacked  by  dilute  nitric  acid 
in  the  cold,  much  less  rapidly  by  hydrochloric 
acid,  and  still  less  by  sulphuric  acid  under  like 
conditions  (Hale  and  Foster,  J.  Soc.  Chem. 
Ind.  1915,  34,  464). 

Yorke,  in  1834,  had  already  observed  that 
dissolved  salts  exert  an  important  influence 
upon  the  solubility  of  lead  in  waters.  Of  these 
the  most  powerful  inhibitors  are  phosphates, 
such  as  those  of  the  alkali  metals,  small  quan- 
tities of  which  almost  entirely  prevent  the  solu- 
tion of  lead.  This  is  due  to  the  formation  of  a 
protective  layer  of  lead  phosphate  which  dis- 
solves in  water  to  the  extent  of  only  1 part  in 
7 million  parts  of  water.  Carbonates  and  bi- 
carbonates are  also  very  effective,  and  it  has 
proved  a useful  procedure  to  pass  certain 
moorland  waters  through  beds  of  chalk  or 
limestone  to  reduce  their  corrosivity.  This 
does  not,  in  all  cases,  entirely  prevent  the  solu- 
tion of  lead,  since  a mere  trace  of  carbonate  is 
not  sufficient  for  the  purpose,  4 parts  of  CaCOs 
or  MgCOg  per  100,000  of  water  being  required 
as  a minimum.  Nevertheless,  the  procedure  is 
highly  beneficial  (Thresh,  The  Examination  of 
Waters  and  Water  Supplies,  Churchill,  1913  ; 
Liverseege  and  Knapp,  British  Association, 
Birmingham,  Section  B,  1913).  Birmingham 
water,  which  comes  chiefly  from  Wales,  is 
treated  at  its  source  with  powdered  chalk  for 
the  same  purpose. 

The  foregoing  offers  an  explanation  of  the 
fact  that  waters  which  are  temporarily  hard 
do  not  attack  lead ; in  other  words,  the  lead 
does  not  pass  into  solution  continuously,  since 
a coat  of  insoluble  carbonate  is  formed  on  its 
surface.  Permanently  hard  waters,  on  the 
other  hand,  frequently  attack  lead  rather 
vigorously.  Sodium  silicate  diminishes  the 
corrosivity  of  water.  Dissolved  nitrates,  par- 
ticularly ammonium  nitrate,  attack  lead  vigor- 
ously ; but  sulphates,  chlorides,  and  acetates,  as 
a rule,  much  less  so.  Calcium  oxide  and 
alkalis  generally  have  a marked  action  ; and 
damp  concrete  may  produce  serious  corrosion 
(Gaines,  J.  Ind,  Eng.  Chem.  1913,  5,  766).  Pure 
rain  water  and  melted  snow  resemble  distilled 
water  in  their  activity,  but  rain  waters  collected 
in  localities  where  macadam  roads  are  in  common 
use  are  laden  with  calcareous  dust,  which  reduces 
their  activity  (Heap),  Hence  the  first  rain 
water  from  such  a district,  after  a spell  of  fine 
weather,  may  have  a comparatively  slight  action 
on  lead,  whilst  that  which  falls  after  the  air  has 
been  washed  may  be  expected  to  act  more 


vigorously.  On  the  other  hand,  rain  water 
collected  in  the  neighbourhood  of  manufacturing 
cities,  is  charged  with  nitrates,  haloid  salts,  and 
sulphur  compounds  resulting  from  the  com- 
bustion of  coal,  and  may  or  may  not  be  very 
corrosive  according  to  circumstances. 

The  influence  of  organic  matter  upon  the 
solubility  of  lead  in  water  is  obscure.  It  is 
generally  believed  that  waters  derived  from 
moorland  and  peaty  sources  are  particularly 
corrosive,  and  this  is  usually  attributed  to  the 
presence  of  peat  acids  or  of  carbon  dioxide 
(Thresh).  Experiments  carried  out  by  Heap, 
on  the  other  hand,  suggest  that  such  waters, 
though  variable  in  activity,  are  considerably 
less  active  than  pure  rain  or  distilled  water. 
Indeed,  both  distilled  and  rain  water  exhibited 
in  his  tests  less  action  on  lead  after  contact 
with  peat,  even  although  their  acidity  was  in 
some  cases  increased  thereby.  Water  contain- 
ing certain  forms  of  organic  matter  yield, 
after  prolonged  contact  with  lead,  a flocculent 
precipitate  containing  the  metal  and  organic 
material.  This  tends  to  deposit  on  the  lead 
surface  and  to  form  a loosely  attached  protective 
layer  (Heap). 

Rise  in  temperature  in  general  increases  the 
solubility  of  lead  in  water. 

When  sheet  lead  is  immersed  in  a slightly 
acid  solution  of  lead  nitrate  or  acetate  it  gradually 
disintegrates,  becoming  loose  in  structure,  and 
ultimately  is  converted  into  a spongy  crystalline 
mass,  owing  to  the  metal  having  dissolved  and 
separated  out  again  {see  Heller,  Zeitsch,  physikal. 
Chem,  1915,  89,  761  ; Cohen  and  Heldermann, 
ihid.  733 ; Creighton,  J,  Amer,  Chem,  Soc, 
1915,  37,  2064),  This  phenomenon  is  character- 
istic both  of  the  purest  assay  foil  and  of  commer- 
cial lead  (Desch),  and  possibly  indicates  the 
existence  of  stable  and  metastable  allotropes 
(Cohen),  the  latter  of  which  dissolves  and 
recrystallises  as  the  former.  Such  a hypothesis 
is,  at  any  rate,  in  harmony  with  the  observa- 
tions of  Lambert,  to  which  reference  has  already 
been  made. 

Lead  antiques  in  museums  frequently  undergo 
a gradual  disintegration,  being  converted  into  a 
white  powder  consisting  essentially  of  lead 
carbonate.  In  such  cases  chlorides  are  always 
present  in  the  powder  (Matignon,  Compt.  rend. 
1912,  154,  1619).  Lead  that  has  been  immersed 
in  sea-water  and  dried  so  that  crystals  of  salt 
remain  attached  to  the  metal  undergoes  pro- 
gressive destruction,  for  which  the  following 
cycle  of  reactions  is  suggested  : 

2NaCl+Pb+0+C02  ^ Na,CO^-f  PbClg 

PbC03+2NaCl 

The  sodium  chloride  thus  acts  as  a catalyser, 
and  is  able  to  effect,  in  the  presence  of  air  ancl 
carbon  dioxide,  the  disintegration  of  indefinite 
quantities  of  lead. 

Tin. — Metallic  tin  remains  bright  and 
untarnished  for  long  periods,  both  in  dry  and 
in  moist  air,  at  ordinary  temperatures.  In  a 
piece  of  tin  from  an  aboriginal  cemetery  in 
Florida,  Keller  (J,  Amer.  Chem.  Soc.  1917,  39, 
2354)  noticed  a number  of  cavities  lined  with 
small  shining  crystals,  both  in  the  form  of  thin 
plates  and  acicular  in  shape.  These  consisted 
of  basic  chloride  SnCl.j.SnO,  Water  is  practi- 
cally without  action  upon  tin  both  in  the  absence 
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of,  and  in  the  presence  of,  air.  Tin  is  also  very 
resistant  to  the  action  of  dilute  sulphuric  and 
vegetable  acids,  and  is  thus  exceedingly  useful 
for  protecting  iron  or  steel  from  corrosion  in 
the  manufacture  of  articles  required  for  culinary 
purposes.  Caustic  soda  attacks  it,  but  sodium 
carbonate,  and  particularly  ammonia,  are  much 
less  corrosive  (Hale  and  Foster).  When  alloyed 
with  copper  or  its  alloys  it  greatly  enhances 
their  resistance  to  corrosion  {see,  Bronze,  above), 
and  it  exerts  a powerful  protective  influence 
in  other  alloys,  such  as  type  metal  (Meyer  and 
Schuster,  Zeitsch.  angew.  Chem.  1914,  27,  12). 

Zinc. — Ordinary  commercial  zinc  readily 
oxidises  in  air,  and  is  rapidly  attacked  by  acids. 
Minute  quantities  of  arsenic,  antimony,  copper, 
and  tin,  particularly  the  first  two  elements, 
accelerate  the  corrosion  of  the  metal. 

Zinc  is  largely  used  in  the  manufacture  of 
galvanised  iron,  and  waters  passing  through 
galvanised  iron  pipes  or  stored  in  galvanised 
iron  tanks  usually  give  a reaction  for  zinc.  As 
a rule,  however,  this  is  not  in  sufficient  quantities 
to  be  toxic. 

Boiling  water  attacks  zinc  (Watson  Smith, 
J.  Soc.  Chem.  Ind.  1904,  23,  475),  the  hydrated 
oxide  of  the  metal  separating  out.  It  is  attacked 
by  boiling  solutions  of  sodium  chloride,  as  also 
by  hot  dilute  solutions  of  alkalis,  such  as 
sodium  carbonate,  zinc  hydroxide  being  pro- 
duced. The  hydroxide  does  not  form  a pro- 
tective layer  in  these  cases,  but,  being  readily 
detached  from  the  metal,  exposes  fresh  surfaces 
to  attack.  Dilute  solutions  of  sodium  hydroxide 
or  ammonia  corrode  zinc  in  the  cold,  but  sodium 
carbonate  acts  less  vigorously  (Hale  and  Foster. 
See  also  Report  of  Corrosion  Committee  J.  Inst. 
Metals.  1919,  21,  59).  J.  N.  F. 

CORROSION,  PROTECTION  OF  METALS 
FROM.  Of  the  metals  in  common  use  iron  (in- 
cluding steel)  is  not  only  the  most  corrodible,  but 
because  of  its  extensive  and  varied  applications 
under  widely  diverse  conditions,  its  protection 
from  corrosion  constitutes  by  far  the  most 
important  case  for  consideration.  With  the 
other  common  structural  metals  and  their 
alloys  corrosion  has  in  some  special  cases  to  be 
provided  against,  as  in  the  corrosion  of  condenser 
tubes,  but,  in  general,  copper,  tin,  lead,  and 
zinc  seldom  need  this  attention. 

In  order  to  protect  the  surfaces  of  iron  and 
steel  structures  methods  based  on  several 
distinct  principles  are  employed. 

1.  Exclusion  of  the  agents  causing  corrosion  : 
air,  moisture,  or  water  in  the  case  of  submerged 
structures. 

This  may  be  accomplished  by  : — 

{a)  Coating  with  an  impervious  oil  film,  or 
asphalt,  pitch,  &c. 

(b)  The  use  of  paints,  varnishes,  &c. 

(c)  Coating  with  another  metal  not  easily 
attacked  by  the  corrosive  agents. 

2.  By  forming  a non- corrodible  skin  con- 
sisting of  some  compound  of  the  metal  on  its 
surface,  such  as  the  magnetic  oxide  (Bower- 
Barff  process),  phosphide,  or  nitride. 

3.  By  the  use  of  a substance  which  greatly 
reduces  (‘  inhibits  ’)  corrosion. 

4.  Placing  the  iron  in  an  electro-negative 
condition  to  another  metal,  so  that  the  former 
is  protected  at  the  expense  of  the  latter,  or 
making  the  surface  to  bo  protected  the  cathode 


(negative)  and  furnishing  a continuous  current 
from  an  external  source. 

It  will  be  seen  that  there  is  a wide  choice 
of  methods,  but  practical  considerations  limit 
their  application.  In  the  case  of  large  structures, 
ships,  bridges,  tanks,  &c.,  the  large  surface, 
the  fixed  character  of  such  structures,  and  the 
necessity  for  renewal  of  the  protecting  coat, 
determine  the  use  of  some  form  of  paint  or 
varnish  paint.  Deposition  of  another  metal  is 
applicable  to  a variety  of  conditions  of  use, 
ranging  from  the  ordinary  galvanising  for  tanks, 
roofing,  &c.,  to  electro- deposition  of  nickel,  as 
in  the  case  of  bicycle  parts.  For  small  articles 
generally,  processes  of  inhibiting,  oiling,  and 
formation  of  a surface  compound  are  alternatives. 

Before  any  system  of  protection  can  be 
properly  applied  it  is  essential  that  the  metal 
surface  shall  be  properly  cleaned  from  dirt, 
mineral  oil,  rust  (the  ordinary  ferric  oxide 
FcgOg),  and  mill  scale  (the  black  magnetic 
oxide  Fe304).  Plates  from  the  rolling  mills 
generally  show  patches  of  this  oxide.  Although 
it  is  an  excellent  protection  against  rusting 
when  thinly  and  evenly  covering  the  metal, 
patches  of  mill  scale  may  set  up  active  corrosion 
locally  by  galvanic  action.  Further,  patches  of 
scale  are  generally  covered  with  fine  cracks 
through  which  corrosive  agents  may  pass,  and 
the  patch  may  scale  off,  carr3dng  any  protective 
composition  with  it,  so  that  it  is  essential  that 
all  scale  shall  be  removed  before  coating. 

Rust  and  scale  may  be  removed  by  mechani- 
cal means,  scraping,  wire  brushing,  and  sand 
blasting,  the  latter  being  very  efficient.  Com- 
monly they  are  removed  by  piclding  the  plates 
in  sulphuric  acid,  25  p.c.  In  this  acid  red  rust 
dissolves,  and  mill  scale  is  thrown  off  by  pene- 
tration of  the  acid,  hydrogen  being  generated 
and  forcing  the  scale  from  the  plate.  Arsenic 
in  the  acid  is  regarded  by  many  as  injurious. 
The  plates  should  then  be  washed  with  water 
jets  under  fair  pressure  (if  the  plates  are  im- 
mersed in  still  water  a ‘ gummy  ’ film  forms), 
and  then  steeped  in  hot  milk  of  lime  to  neutralise 
any  acid  remaining. 

Temporary  protection  from  rusting  is  com- 
monly done  by  smearing  small  articles  with 
vaseline  or  heavy  oil.  Several  processes  of 
similar  nature,  but  giving  more  lasting  protec- 
tion, have  been  patented,  the  principle  of  which 
is  immersion  of  the  metal  at  temperatures  up 
to  a red  heat  in  various  oils,  and  withdrawing 
while  still  hot,  also  spraying  of  metal  hot  from 
the  rolls  with  oil.  A layer  of  slaked  lime  pasted 
on  is  said  to  be  more  efficient  than  smearing 
with  oil,  and  one  patent  has  been  granted  for  a 
paste  of  slaked  lime  made  with  a volatile  solvent, 
like  naphtha. 

Asphaltic  and  coal-tar  pitch  compositions 
have  great  value  as  preservatives  of  iron  and 
steel.  For  many  purposes  the  black  colour  is 
prohibitive,  but  for  buried  pipes,  &c.,  no  better 
preservative  can  be  employed.  In  1848  Dr. 
Angus  Smith  took  out  his  well-known  patent 
covering  the  use  of  pitch.  The  pipes  were 
preferably  first  heated,  dipped  in  linseed  oil, 
then  heated  to  300°  F.,  and  dipped  in  hot  pitch 
at  the  same  temperature.  He  also  mentions 
the  use  of  linseed  oil  as  an  addition  to  the  pitch 
to  keep  it  of  the  right  consistency,  and  give  a 
tough  elastic  coating. 
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Undoubtedly  the  finest  material  for  this 
method  of  protection  is  natural  asphaltum  or 
bitumen,  to  which  enough  heavy  mineral  oil 
has  been  added  to  give  a tough  and  elastic 
film.  Pitch  from  petroleum  (‘  maltha  ’)  has 
much  the  same  characters.  The  Sabin  process 
consists  in  dipping  in  a hot  coating  mixture  like 
the  above,  draining,  and  then  heating  for  two 
hours  in  a vertical  oven  at  400°  F.  Steel  water 
mains  up  to  5 feet  diameter,  and  in  sections 
weighing  5 tons,  have  been  treated  by  this 
process  in  America,  and  the  United  States  Navy 
adopted  the  process  for  copper  fire  mains  and 
flush  mains,  which  are  rapidly  acted  upon  by 
salt  water.  It  has  also  been  employed  for  the 
small  steel  tubing  for  electric  conduits  which 
require  an  elastic  and  tough  coating. 

Heavy  coal  tar  is  commonly  employed  for 
hot  dipping  of  cast-iron  pipes.  In  practice  the 
process  amounts  to  distillation  of  the  more 
volatile  portions  of  the  tar  from  the  hot  pipe, 
leaving  a pitch  coating,  so  that  success  is  largely 
dependent  on  the  correct  dipping  temperature. 
The  soft  pitch  obtainable  from  tar  produced  in 
the  low  temperature  distillation  of  coal  will 
undoubtedly  prove  one  of  the  best  commercial 
products  in  this  country.  Tar  acids  and  am- 
monia compounds  are  both  undesirable  con- 
stituents of  tar  for  this  purpose,  as  both  tend  to 
increase  corrosion. 

The  anti-corrosive  or  protective  paints  are 
widely  applicable.  They  may  be  classified  as  : — 

1.  Linseed  oil  paints,  containing  some  drier, 
and  usually  also  a proportion  of  varnish. 

2.  True  varnish  paints  (enamels)  consisting 
mainly  of  resins  and  oil. 

3.  Varnishes  made  from  a natural  resin  with 
a volatile  solvent.  Each  of  the  above  will 
carry  pigment,  of  which  a large  proportion  is 
usually  iron  oxide  (FegOa). 

4.  Asphalts,  or  coal-tar  pitch,  with  a certain 
amount  of  boiled  linseed  oil,  dissolved  in  a vola- 
tile solvent,  such  as  coal-tar  naphtha  or  petroleum 
naphtha. 

In  general,  whilst  the  linseed  oil  paints  are 
cheaper  and  easy  to  apply,  they  are  not  so 
satisfactory  as  the  varnish  paints,  in  which  the 
natural  gum  or  resin  reduces  the  porosity  of  the 
film.  This  has  been  particularly  noticed  in  the 
case  of  coatings  for  plates  submerged  in  water. 
Also  the  more  elastic  the  kind  of  varnish  the 
better  the  result.  Class  3 constitutes  an 
important  class  of  protective  compositions 
specially  suited  to  ship  use,  where  the  slow 
drying  ordinary  type  of  varnish  can  seldom  be 
employed  owing  to  lack  of  time  for  drying. 
The  volatile  spirit  rapidly  evaporates,  leaving 
the  resin  and  oil  binding  the  pigment. 

Cushman  and  others,  from  the  results  on 
steel  plates  in  water  carrying  various  pigments 
in  suspension,  obtained  a classification  of  these 
ingredients  of  paints  into  ‘inhibitors,’  ‘in- 
determinates,’  and  ‘ stimulators.’  (Proc.  Amer. 
Soc.  for  Testing  Materials,  Vols.  III.  to  VIIL, 
1903- 1S08.)  The  result  is,  in  part,  dependent 
on  the  purity  of  the  pigment,  but,  broadly,  zinc 
pigments,  chrome  green,  Dutch  process  white 
lead,  and  some  Prussian  blues  fall  in  the  ‘in- 
hibitor ’ class ; lamp  black,  other  carbon  blacks, 
precipitated  barium  sulphate  {hlancfixe),  ochre 
and  bright  red  oxide,  and  some  Prussian  blues 
are  ‘stimulators.’  Such  a classification  would 


appear  to  have  little  value  if  the  pigment  particles 
are  thoroughly  ‘sealed’  in  the  paint  medium, 
but  if  through  porosity,  or  absorption  of  water, 
electrical  contact  between  the  pigment  particles 
and  the  iron  is  established,  the  activity  of  the 
pigments  is  probably  of  the  order  given ; the 
results  certainly  suggest  an  advantage  of  a first 
coating  with  one  of  the  inhibitor  class. 

The  most  perfect  protection  with  paints  is 
afforded  by  enamels  (varnish  paints  or  ‘ japans  ’) 
which  have  been  stoved  on  to  the  metal ; a 
good  example  is  seen  in  cycle  frames,  &c.  The 
stoving  treatment  causes  the  resin  and  oil  to 
flow  into  a perfect  film,  free  from  porosity,  and 
to  set  with  a fine  hard  surface.  The  one  objec- 
tion is  the  liability  to  chip  with  a blow.  For 
under- water  work  stoved  metal  is  said  to  show 
little  advantage,  and  Sabin  states  that  unbaked 
varnish  paints  are  better. 

Coating  with  another  metal  less  liable  to 
corrosion  includes  zinc  galvanising  and  tin 
plating,  both  of  which  are  carried  out  by  hot 
dipping  the  thoroughly  cleaned  plate  in  the 
molten  metal.  For  more  special  work  electro- 
deposition of  copper  or  nickel  (usually  on  a 
first  coating  of  copper),  and  of  other  metals 
is  occasionally  employed.  Electro-deposition 
of  zinc  is  also  largely  employed  for  certain  classes 
of  work,  such  as  frames,  &c.,  for  ships. 

These  deposits  afford  a fair  protection,  but 
even  with  the  best  class  of  nickel  plating,  as 
applied  to  cycle  parts,  rusting  under  wet  condi- 
tions is  found  to  occur.  Should  the  metal  pro- 
tecting film  become  broken,  so  exposing  the 
iron  beneath,  in  most  cases  this  exposure  leads 
to  more  rapid  rusting,  as  the  iron  is  electro- 
positive to  the  protecting  metal,  and  galvanic 
action  at  its  expense  is  set  up.  Zinc  coatings 
are,  however,  free  from  this  defect,  and  as  long 
as  a good  surface  of  zinc  is  still  in  contact  with 
the  iron,  it  will  be  the  former  metal  which  is 
mainly  attacked.  Tin  plate  offers  a complete 
contrast  in  this  respect. 

A special  process  for  applying  zinc  is  the 
sherardising  process  of  Cowper  Coles.  The 
cleaned  articles  are  packed  in  metal  vessels  with 
zinc  dust,  a mixture  of  finely  divided  zinc  and 
zinc  oxide,  and  heated  for  several  hours  at  a 
temperature  below  the  melting-point  of  zinc. 
This  metal  slowly  penetrates  the  iron,  and  to  a 
far  greater  depth  than  with  hot  galvanising  ; 
a hard  alloy  is  formed  which  is  practically  non- 
corrodible,  and  is  capable  of  being  polished. 

Processes  dependent  upon  the  formation  of 
a protective  skin  date  from  the  old  Bower-Barff 
process,  where  the  heated  iron  was  treated  with 
steam,  so  that  a film  of  the  black  oxide  (Fe304) 
was  formed.  The  good  surface  of  ‘ Russian 
iron  ’ is  due  to  a similar  film,  and  as  long  as  the 
film  remains  intact,  protection  is  excellent, 
but  rusting  is  accelerated  once  the  film  is  broken. 
A more  recent  process  is  that  of  Coslett,  in 
which  the  iron  is  immersed  in  a dilute  solution 
of  phosphoric  acid.  Later  the  inclusion  of  a 
subsequent  dipping  in  chromic  acid  was  patented 
by  Coslett.  Richard  and  Adams  have  patented 
a process  in  which  the  article  is  immersed  for 
from  2 to  20  minutes  in  a solution  made  by  dis- 
solving If  lbs.  of  manganous  carbonate  in 
boiling  phosphoric  acid  (60  fluid  ounces  of  B.P. 
phosphoric  acid  to  87  fluid  ounces  of  water). 

Another  process  aims  at  the  production  of  a 
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Him  of  nitride  of  iron,  the  article  being  heated 
in  a suitable  gaseous  mixture,  such  as  ammonia, 
or  treating  the  highly  heated  metal  in  a bath  of 
salts  which  will  yield  gases  capable  of  forming 
the  nitride. 

Protection  by  ‘ inhibiting  ’ the  corrosive 
action  almost  invariably  involves  dipping  in 
dilute  chromic  acid. 

One  of  the  most  successful  methods  of  pre- 
venting corrosion,  especially  in  the  case  of 
boilers  and  condensers,  is  that  of  Elliott  Cumber- 
land. The  galvanic  action  leading  to  corrosion 
is  overcome  by  inserting  insulated  iron  anodes, 
these  being  connected  to  the  positive  pole  of  a 
small  dynamo  ; current  always  passes  from  the 
anode  to  the  part  to  be  protected,  which  forms 
the  cathode.  A difference  of  potential  of 
6-10  volts  is  usually  employed.  In  the  case  of 
brass  tube  condensers  1 ampere  per  500  square 
feet  of  surface  is  found  to  ensure  complete  pro- 
tection. In  the  case  of  boilers  it  is  found  that 
the  hydrogen  set  free  at  the  cathode  plates  or 
tubes  is  very  effective  in  preventing  the  forma- 
tion of  a hard  scale. 

Corrosion  of  Boilers. — A serious  form  of 
eorrosion  is  to  be  found  in  the  rusting  and 
pitting  of  the  plates  and  tubes  of  high-pressure 
boilers.  Before  the  adoption  of  mineral  lubri- 
cants, it  was  supposed  that  the  decomposition 
of  the  lubricating  oils  by  the  superheated  steam 
in  the  cylinders  caused  the  corrosion  owing  to 
the  fatty  acids  liberated,  but  the  same  effect 
has  been  found  with  hydrocarbon  oils,  so  that 
the  pitting  is  evidently  not  due  to  this  cause. 

There  are  several  causes  which  lead  to  the 
corrosion  found  in  boilers,  amongst  which  are 
ordinary  corrosion,  set  up  by  the  carbon  dioxide 
and  oxygen  which  occur  naturally  in  all  water, 
and  which  act  on  the  metal  when  the  boiler  is 
out  of  use.  This  form  of  corrosion  can  be 
prevented  by  filling  the  boiler  quite  full  with 
boiled  water  rendered  slightly  alkaline  with  a 
little  lime  and  closing  air-tight  whilst  at  rest. 
The  most  frequent  cause  of  corrosion  in  land 
boilers  is  dissolved  salts,  or  free  acids  and 
allmlis  in  the  feed  water,  which  become  con- 
centrated solutions  by  evaporation.  Acid  waters, 
notably  those  collected  in  peaty  districts,  are 
particularly  injurious.  Nitrates  and  nitrites, 
chloride  and  nitrate  of  magnesia  are  salts  most 
liable  to  cause  corrosion.  Complete  analyses  of 
the  saline  constituents  of  the  water  can  alone 
determine  the  requisite  treatment  required  to 
prevent  corrosive  action.  Secondly,  galvanic 
action,  induced  by  the  difference  in  jfotential 
between  the  rust  formed  by  ordinary  corrosion 
and  the  iron,  and  also  by  metallic  impurities 
in  the  iron  and  specks  of  foreign  metals  deposited 
upon  it.  This  action  can  be  prevented  to  a 
great  extent  by  the  use  of  zinc  blocks  inside 
the  boiler  and  in  metallic  connection  with  the 
iron  of  the  plates,  or  by  the  Cumberland  system 
already  described.  A third  cause  of  corrosion 
is  to  be  found  in  the  solvent  action  of  distilled 
water  upon  the  metal  of  the  boiler,  the  action 
getting  less  with  increase  in  the  quantity  of 
salts  in  solution  in  the  water.  The  fourth 
cause  arises  from  high  local  temperatures,  often 
not  far  below  a dull  red  heat,  and  then  iron 
deeomposes  water,  forming  black  magnetic  oxide 
of  iron  and  liberating  hydrogen  : 

4H20+3Fe=Fe304-|-4H2 


Overheating  is  most  likely  to  be  due  to  deposits 
or  incrustations,  and  in  such  cases  is  checked, 
or  stopped,  by  the  sole  use  of  condensed  water, 
or  a properly  softened  natural  water,  for  the 
feed.  J.  S.  S.  B. 

CORROSION  AND  FOULING  OF  STEEL  AND 
IRON  SHIPS,  AND  ITS  PREVENTION.  In  the 
days  of  wooden  ships  the  hull  troubles  that  had 
to  be  guarded  against  were  the  attacks  of  wood- 
boring animals  and  the  loss  of  speed  due  to 
the  growth  of  weed  and  shell  at  and  below  the 
water  line ; but  with  the  launch  of  the  first 
sea-going  vessel  built  of  iron,  in  1822,  compara- 
tively simple  problems  became  of  great  com- 
plexity, and  at  the  present  time  the  protection 
of  our  Navy  and  mercantile  marine  from 
corrosion  and  fouling  is  a question  of  the  greatest 
importance,  affecting,  as  it  does,  both  the  life 
and  speed  of  the  vessels. 

Corrosion. — The  troubles  due  to  corrosion 
are  by  no  means  limited  to  the  exterior  plates 
of  the  ship,  but  also  affect  the  interior  of  the 
structure,  boilers,  and  condensers. 

The  corrosion  of  iron  and  steel  is  brought 
about  by  the  actions  which  ultimately  result  in 
the  eonversion  of  the  metal  into  oxides,  and 
these  being  accelerated  by  galvanic  actions, 
which  it  is  almost  impossible  to  eliminate  in  a 
huge  metallic  structure  like  the  hull  of  a modern 
ship  in  the  presence  of  sea  water,  makes  preven- 
tion far  more  difficult  than  in  the  case  of  an  iron 
building  or  bridge. 

In  sea  water  the  process  of  corrosion  is 
accelerated  by  the  salts  contained  therein,  as 
these  aid  the  galvanic  action  set  up  in  the 
metal  by  various  means,  such  as  impurities  in 
the  non,  the  presence  of  mill  scale  on  the  plates, 
high  temperature,  or  even  the  different  stresses 
imparted  to  portions  of  the  same  plate,  whilst 
in  certain  waters,  such  as  the  mouths  of  rivers 
on  the  west  coast  of  Africa,  or  in  harbours 
where  the  water  contains  much  sewage,  the  sul- 
phates are  decomposed  by  various  vegetable  and 
animal  organisms  with  evolution  of  sulphuretted 
hydrogen,  which  greatly  increases  the  corrosion 
of  the  metal. 

The  examination  of  the  condition  of  the 
bottom  plates  of  vessels  that  have  been  at  sea 
for  long  periods,  shows,  when  the  protective 
paints  and  compositions  have  been  removed, 
that  three  distinct  forms  of  rusting  may  be 
distinguished. 

1.  Rust  patches,  generally  near  the  edges  of 
the  plates,  consisting  of  small  areas  of  fine  rust, 
probably  caused  by  moisture  on  the  plate  when 
the  protective  paint  was  on.  These  patches 
are  never  thick,  and  cause  but  little  damage  to 
the  plates  if  all  rust  be  removed  before  a new 
coating  of  paint  is  put  on. 

2.  Rust  nodules  are  a more  localised  form 
of  corrosion  which  has  attacked  the  metal 
where  particles  of  mill  scale  have  been  left  on 
the  surface  of  the  new  plate,  or  where  small 

I particles  of  slag  or  foreign  matter  have  been 
rolled  into  the  plate  during  manufacture.  These 
give  slight  pitting  of  the  plate,  but  seldom  to  a 
serious  extent. 

3.  Rust  cones  are  an  accentuated  form 
! of  rust  nodules,  and  are  due  to  the  most  local 
I form  of  galvanic  action,  caused  by  the  presence 
I of  a speck  of  deposited  copper,  lead,  or  other 

foreign  metal,  or  even  a small  particle  of  rust 
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or  mill  scale  left  on  the  surface  of  the  iron,  and 
covered  by  the  compositions  used  as  pro- 
tectives  and  antifoulers.  As  soon  as  the  sea 
water  penetrates  these,  galvanic  action  is  set 
up,  water  is  decomposed,  rust  formed,  and  the 
escaping  hydrogen  pushes  up  the  composition, 
forming  a blister ; the  hydrogen  escapes  and 
water  leaks  in,  the  action  becoming  more  and 
more  rapid,  and  the  blister  gradually  filling  with 
the  product  of  the  action — rust.  The  blister 
bursts,  but  the  cone  of  rust  has  by  this  time  set 
fairly  hard,  and  continues  to  grow  from  the  base, 
the  layers  of  rust  being  easily  distinguished  in  a 
well-formed  cone,  and  when  the  rust  cone  is 
detached,  the  pitting  of  the  metal  at  the  base 
of  the  cone  is,  as  a rule,  found  to  be  of  consider- 
able depth. 

Certain  portions  of  a ship’s  hull  are  exposed 
to  special  risk  of  corrosion  from  galvanic  action, 
owing  to  the  bearings  of  the  screw  shaft  and 
valves  for  the  escape  of  waste  water,  bilge,  &c., 
being  made  of  alloys  containing  copper.  In 
order  to  prevent  this,  zinc  protectors,  consisting 
of  heavy  masses  of  the  metal,  are  placed  round 
all  openings  where  copper  or  copper  alloys  are 
present,  and  the  zinc,  being  more  electro -positive 
than  the  iron,  places  the  iron  in  the  electro- 
negative condition,  so  that  whilst  the  iron 
escapes  injury  the  zinc  rapidly  dissolves.  The 
Cumberland  process  (vide  supra)  has  been  success- 
fully employed  m such  cases,  insulated  iron 
anodes  being  fixed  to  the  hull  close  to  the  part 
to  which  it  is  necessary  to  afford  protection. 

The  general  procedure  for  protecting  the 
exterior  of  the  bottoms  of  iron  and  steel  ships 
from  corrosion  is  to  coat  them  with  so-called 
anti- corrosive  or  protective  paints  and  varnishes. 
In  order  that  this  should  be  successful,  much 
depends  upon  the  state  of  the  hull  at  the  time 
at  which  the  protective  is  put  on. 

The  bottom  plates  of  the  newly  built  vessel 
are  thickly  coated,  as  a rule,  with  mill  scale  or 
magnetic  oxide  of  iron  Fe304,  which  is  formed 
on  the  surface  of  the  plate  during  rolling,  and 
which,  if  it  remains  perfectly  intact,  would  be 
an  excellent  protective,  as  it  forms,  indeed,  the 
basis  of  the  Bower-Barff  process  for  the  protec- 
tion of  iron ; but  during  the  shearing  and  riveting 
of  the  plates  this  scale  gets  broken  off  and  exists 
only  in  patches,  which,  if  left  upon  the  plate, 
would  excite  rapid  local  galvanic  action,  owing 
to  the  fact  that  this  scale  is  strongly  electro- 
negative to  the  iron,  so  that  it  would  need  only 
the  exciting  influence  of  the  sea  water  to  start 
the  action. 

In  naval  vessels,  the  plates  are  pickled  in 
dilute  sulphuric  acid,  as  already  described,  until 
all  the  scale  is  removed.  In  the  mercantile 
marine  it  is  an  ordinary  practice  to  launch  a 
vessel  without  any  paint  on  the  hull,  leaving  the 
active,  but  fairly  even,  rusting  which  ensues  to 
remove  the  scale,  the  ship  being  scrubbed 
down  and  then  protective  compositions  painted 
on  when  it  is  docked. 

This  method  has  the  advantage  of  cheapness, 
and  also  of  giving  a very  slightly  roughened 
surface,  to  which  the  protective  composition 
adheres  firmly,  and  answers  well  with  tramp 
steamers  and  other  craft  where  speed  is  not  an 
object  of  paramount  importance ; but  with 
service  vessels  and  liners,  slight  as  the  roughening 
is,  it  undoubtedly  has  an  influence  on  the  speed. 


The  hull  of  the  vessel,  being  perfectly  free 
from  mill  scale,  and  as  free  as  it  can  possibly 
be  got  from  the  ordinary  oxide,  is  then  painted 
with  the  protective,  but  for  this  to  prove  effec- 
tive, the  hull  must  be  absolutely  dry,  a condition 
which  it  is  exceedingly  difficult  to  obtain,  as 
the  big  mass  of  non  is  generally  a few  degrees 
in  temperature  below  that  of  the  moisture-laden 
air,  and  under  these  conditions  a trace  of 
moisture  condenses  on  the  surface,  which  is 
spoken  of  as  ‘ sweating  ’ of  the  metal,  and  this 
prevents  the  proper  adhesion  of  the  paint  to  the 
metallic  surface,  and  also  starts  rusting  under 
the  paint. 

Oil  paints  are  the  oldest  form  of  protectives 
in  use,  and,  when  the  plates  are  painted  when 
hot  and  dry,  amongst  the  best  and  most  lasting  ; 
but  the  drying  of  such  paints,  being  dependent 
upon  the  slow  oxidation  of  the  boiled  oil  by  air 
into  a resin,  requires  that  a considerable  time 
must  elapse  between  the  painting  of  the  ship 
and  the  coating  becoming  hard  enough  to  allow  of 
the  anti-fouling  composition  being  painted  on 
over  it,  and  as  a rule  so  short  a time  is  allowed 
for  docking  that  this  is  a great  drawback. 

The  old  paints  for  this  class  of  work  used  to 
consist  of  red  or  white  lead  mixed  with  boiled 
linseed  oil,  but  it  was  shown  by  M.  Jouvin  that 
with  the  perishing  of  the  vehicle  the  lead  com- 
pounds were  converted  into  chlorides  and 
oxychlorides  by  the  sea  water,  and  these  were 
then  reduced  by  the  action  of  the  iron  of  the 
hull  with  formation  of  crystals  of  lead,  which 
set  up  galvanic  action  and  led  to  rapid  corro- 
sion. 

Spirit  varnish  protectives  came  into  use 
when  it  became  necessary  to  cut  down  the  time 
expended  in  docking,  and  they  owe  their  rapid 
drying  powers  to  the  fact  that,  instead  of 
waiting  for  oxidation  to  form  a resinous  mass, 
as  in  the  drying  of  boiled  oil,  a resin  is  dissolved 
in  a highly  volatile  solvent,  being  mixed  with 
boiled  linseed  oil  to  give  the  necessary  elasticity, 
and  when  this  is  painted  on  the  hull  of  the 
vessel,  the  rapid  evaporation  of  the  solvent 
leaves  the  resin  and  oxidised  oil  binding  the 
body  colour  together. 

Shellac,  rosin,  kauri,  and  many  other  gums 
and  resins  are  used,  whilst  the  solvents  may 
consist  of  light  hydrocarbons,  such  as  the  various 
grades  of  solvent  naphtha,  alcohol,  and  even 
fusel  oil,  but  in  the  Navy  very  low  flash-point 
solvents  have  now  been  discarded  owing  to  the 
danger  in  storage. 

The  drawbacks  to  the  last  two  classes  of 
protectives  are  that  the  solvents  employed  for 
dissolving  resins  and  gums  are  mostly  affected 
by  water,  with  the  result  that  if  the  plates  are 
not  dry,  the  resins  are  apt  to  be  deposited  in  a 
pulverulent  condition,  whilst  the  cold  produced 
by  the  rapid  evaporation  of  the  solvent  tends 
to  increase  the  amount  of  moisture  deposited, 
which  assists  in  the  deterioration  of  the  coating. 
Alcohol  varnishes  have,  however,  the  great 
advantage  that  they  are  not  so  affected  by 
moisture  on  the  metal,  or  deposited  moisture, 
since  the  spirit  will  absorb  a moderate  amount 
of  water. 

These  varnishes  also,  even  when  dry,  are  not 
impervious  to  gases  and  liquids.  Under  a 
microscope  the  coating  is  seen  to  be  full  of  minute 
pores,  through  which  the  sea  water  finds  its 
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way  to  the  iron  beneath,  and,  when  once  corro- 
sion has  been  started,  the  protective  coating  is 
gradually  forced  away  from  the  surface  of  the 
iron,  exposing  more  metal  to  be  acted  upon. 
The  best  results  are  secured  by  employing 
several  coats  of  the  varnish,  and  applying  it 
only  in  weather  favourable  to  the  operation, 
plenty  of  time  being  given  for  the  thorough 
hardening  of  the  material  before  water  comes  in 
contact  with  it. 

In  most  of  the  various  paints  red  oxide  of 
iron  is  used  to  give  body  and  colour  to  the 
mixture,  and,  as  it  is  the  same  colour  as  the  rust 
that  may  form  under  it,  it  is  very  popular  with 
the  composition  manufacturer,  and,  providing 
it  be  free  from  acid  and  soluble  sulphates,  is 
unobjectionable  ; but  perhaps  a better  material 
would  be  the  mixture  of  finely  divided  zinc  and 
zinc  oxide,  such  as  is  obtained  in  the  Belgian 
process  of  distilling  zinc,  as,  even  after  the 
varnish  had  perished,  the  zinc  would  afford  a 
further  term  of  protection.  After  extensive 
trials  the  U.S.  Naval  Authorities  adopted  an 
anti-corrosive  paint  of  the  following  composi- 
tion : gum  shellac,  7*9  lbs.  ; turpentine,  0*6 
gallon  ; pine  oil,  0*6  gallon  ; alcohol,  gallons  ; 
dry  metallic  zinc,  9|-  lbs.  ; white  zinc  oxide, 
28 1 lbs.  ; the  above  making  10  gallons. 

The  protection  of  the  interior  surface  of 
the  hold  of  a ship  presents  some  special  com- 
plexities, as  it  is  exposed  to  the  wear  and  tear 
of  taking  in  and  discharging  cargo.,  and  one  has 
to  take  into  consideration  such  sources  of 
trouble  as  the  action  of  bilge  water,  the  high 
temperature,  and  the  presence  of  foreign  bodies 
such  as  coal-dust  and  leakages  from  cargo. 
There  are  three  classes  of  protectives  used  for 
the  interior  portion  of  a ship  : 

Cements  ; 

Bituminous  coatings  ; 

Paints. 

Although  cement  is  very  largely  used,  yet 
there  are  certain  drawbacks  attached  to  it 
which  render  it  by  no  means  the  ideal  material. 
It  has  a certain  amount  of  porosity,  so  that  any 
corrosive  liquid  penetrates  it  and  acts  on  the 
iron  beneath  ; its  rigidity  causes  it  to  come  away 
from  the  metal  on  any  strain  being  thrown  on 
the  latter,  variations  in  temperature  having  the 
same  effect,  and  where  the  coating  has  parted 
from  the  iron,  corrosion  will  start  and  remain 
unseen  until  perhaps  too  late. 

Bituminous  coatings  applied  hot  are  far 
preferable  to  cement,  but  are  rather  more 
troublesome  to  put  on. 

Fouling  of  ships  and  its  prevention.  The 
question  of  the  fouling  of  ships’  bottoms  is 
one  that  has  existed  from  the  earliest  days, 
and  was  of  even  more  importance  formerly  than 
it  is  at  the  present  time,  owing  to  the  increase 
in  dock  accommodation  allowing  the  more 
frequent  cleaning  and  painting  of  the  ships  ; 
but  even  now  in  the  case  of  war  the  loss  in 
speed  during  blockading  operations,  owing  to 
the  fouling  of  the  vessels,  might  prove  an 
important  factor  in  a struggle  for  supremacy. 

Fouling  consists  of  various  marine  growths, 
both  animal  and  vegetable,  which  attach  them- 
selves to  the  bottom  of  the  vessel,  and  by 
increasing  the  skin  friction  whilst  the  vessel  is 
in  motion,  seriously  reduce  its  speed. 

The  nature  of  these  growths  needs  to  be 


studied  in  properly  equipped  marine  biological 
laboratories,  as  but  little  is  at  present  known  of 
the  life-history  of  many  of  the  organisms  which 
are  found  on  a ship’s  bottom.  The  main  factors, 
however,  are  that  it  is  only  during  the  germ  or 
spore  period  of  their  existence  that  they  can 
attach  themselves  to  the  bottom  of  the  vessel, 
and  that  although  the  full-grown  results  are 
found  when  the  vessel  is  docked,  these  growths 
have  taken  place  in  situ. 

The  open  ocean  and  the  northern  seas  are 
comparatively  free  from  these  organisms,  but 
directly  inland  seas  or  tropical  waters  are 
reached  they  increase  to  an  enormous  extent 
in  variety  and  numbers,  and  some  harbours, 
such  as  the  port  of  Sourabaya,  are  noted  for 
the  fouling  influence  of  their  waters.  Moreover, 
it  is  found  that  the  period  of  the  year  exercises 
a very  important  influence  upon  the  fouling 
nature  of  the  water,  the  spring  and  early  summer 
being  the  chief  time  for  these  growths  to  find  a 
lodgment  on  the  bottom  of  a vessel. 

The  more  common  growths  are  serpulse, 
generally  called  coralline,  barnacles,  mussels, 
membranae,  and  oysters,  usually  classified 
together  under  the  name  of  ‘ shell,’  whilst  at  or 
near  the  water  line  are  found  luxuriant  growths 
of  sea  grass  {Enter  omor-pha  compressa  and 
Zostera  marina),  and  towards  the  bottom  ribbon 
and  other  weeds,  like  the  tufted  weed  or  bugula, 
flourish. 

Fouling  commences  with  the  deposition  of 
a slight  slime  on  the  side  of  the  vessel,  which 
is  apparently  of  an  albuminous  nature,  and 
contains  the  germs  and  spores  of  various  marine 
growths,  and  is  so  slight  as  to  escape  notice. 

The  first  visible  sign  of  fouling  on  a ship  is 
the  appearance  of  green  grass  at  the  water  line, 
and  this,  in  bad  waters,  will  begin  to  show  after 
a few  weeks,  whilst  the  growth  will  spread 
downwards  from  the  surface  for  5 or  6 feet, 
but  rarely  extends  below  10  feet,  as  the  growth 
needs  plenty  of  light  and  warmth. 

It  is  the  most  widely  distributed  form  of 
fouling,  and  appears  in  nearly  all  waters,  and, 
once  formed,  the  grass  protects  the  germs  of  other 
growths,  and  so  helps  on  the  general  fouling. 

In  northern  waters  fouling  seldom  goes 
beyond  the  ‘ grass,’  but  in  warm  climates, 
especially  if  long  in  port,  ‘ shell  ’ soon  begins  to 
appear,  unless  a really  good  anti-fouling  com- 
position is  employed  for  coating  the  vessel’s 
bottom. 

Ships  trading  to  or  stationed  near  the  mouths 
of  rivers  often  show  curious  results  in  the  kind 
and  extent  of  the  fouling,  the  marine  growths 
being  often  killed  by  the  fresh  water,  but  such 
vessels  foul  again  very  rapidly  when  once  more 
going  to  sea,  owing  to  slight  deposits  of  mud  and 
calcium  carbonate  from  the  river  water. 

With  wooden  ships  the  necessity  of  protec- 
tion against  the  wood- boring  teredo  worm  as  well 
as  fouling  led  to  the  adoption  of  copper  sheath- 
ing, and  when  the  metal  used  was  of  a fairly 
pure  character,  it  was  found  to  be  thoroughly 
satisfactory,  and  not  only  to  give  complete 
protection  to  the  vessel,  but  also  to  enable  it 
to  remain  at  sea  for  a very  considerable  period. 
The  cost,  however,  was  high,  and  attempts  were 
made  to  prevent  the  excessive  waste  of  the 
copper  by  using  zinc  protectors,  as  advocated 
by  Sir  Humphry  Davy,  but  it  was  soon  found 
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that  with  the  prolongation  of  the  life  of  the 
copper  plates,  fouling  again  became  serious, 
whilst  when  later  rolled  sheets  of  alloys  contain- 
ing zinc,  such  as  Muntz  metal,  were  tried,  the 
same  trouble  again'  appeared,  and  it  has  been 
clearly  proved  that  the  power  a copper  plate 
exercises  in  preventing  fouling  is  inversely 
proportional  to  its  power  of  resisting  the  action 
of  the  sea  water. 

The  action  of  the  copper  in  anti-fouling  is 
that,  in  the  first  place,  the  salts  in  solution  in 
the  sea  water  act  upon  the  copper  with  the 
formation  of  chlorides  and  oxychlorides,  the 
former  poisonous  to  all  forms  of  marine  life  in 
the  germ  state,  whilst  the  latter  formed  a co- 
herent pellicle  to  which  the  growths  attached 
themselves  and  which  was  torn  off  during  the 
passage  of  the  vessel  through  the  water  by  the 
skin  friction,  thus  enabling  it  to  shed  any  form 
of  growth  that  might  have  attached  itself  to 
the  plate  by  a process  of  scaling. 

It  was  found,  however,  that  if  the  copper 
were  not'  of  the  purest,  coralline  growths  very 
soon  attached  themselves  so  firmly  through  the 
surface  of  the  skin  of  copper  compounds  that  it 
was  difficult  to  remove,  and  gave  points  of 
adherence  for  fresh  vegetable  growths. 

With  the  introduction  of  steel  and  iron 
ships,  as  was  natural,  attempts  were  made  to 
utilise  the  same  form  of  protection  from  fouling 
which  had  proved  so  satisfactory  with  wooden 
ships,  and  from  time  to  time  during  the  past 
efforts  have  been  directed  to  sheathing  iron 
ships  with  copper  in  the  same  way.  It  was 
soon  found,  however,  that  this  sheathing  set 
up  such  severe  galvanic  action  with  the  hull 
of  the  vessel  as  to  be  impracticable,  and  although 
these  attempts  were  abandoned  at  a very  early 
period  in  the  mercantile  marine,  the  naval 
services  of  several  countries  have  tried  its  use 
for  service  vessels,  the  generally  adopted  method 
being  to  sheathe  the  iron  hull  with  wood  and  to 
attach  to  this  the  copper  in  such  a way  as  to  be 
insulated  from  the  electro -positive  iron,  but  if 
water  penetrated  the  insulation  was  broken 
down.  The  alternative  of  saturating  dry  wood 
with  paraffin  wax  has  been  suggested. 

With  increase  in  dock  accommodation,  the 
tendency  has  been  more  and  more  towards  the 
use  of  anti-fouling  paints  or  compositions, 
which  could  be  painted  on  over  the  protective 
coating  of  the  vessel,  and  a number  of  com- 
positions have  been  placed  on  the  market  with 
varying  success  for  this  purpose. 

When  anti-fouling  paints  were  first  manu- 
factured, the  only  fact  at  the  service  of  the  maker 
, was  the  experience  which  had  been  gleaned  from 
copper  sheathing,  and  on  the  assumption  that 
the  action  had  been  due  to  the  poisonous 
character  of  the  chloride  and  oxychloride  of 
copper  produced  on  the  plates  by  the  salts  in 
the  sea  water,  compositions  were  made  contain- 
ing large  quantities  of  corrosive  metallic  poisons, 
which,  held  in  a varnish  of  a more  or  less  lasting 
character,  gave  the  protection  from  fouling  for 
a few  months. 

As  has  already  been  pointed  out,  the  action 
of  the  copper  sheathing  was  due  to  two  causes  : 
first,  the  poisonous  action  of  the  copper  salts 
on  the  germ  life ; and,  secondly,  the  stripping 
of  the  pellicle  by  skin  friction  when  any  quantity 
of  growth  had  formed  on  its  surface,  an  action 


termed  ‘ exfoliation.’  How  important  this  latter 
action  was  may  be  judged  from  the  fact  that 
when  the  vessel  remained  at  anchor  in  a harbour, 
the  sheathing  would  last  from  10  to  12  years, 
whilst  when  on  active  service  the  same  sheathing 
would  last  for  only  4 or  5. 

Finding  that  poisons  alone  gave  very 
unsatisfactory  results,  the  manufacturers  of 
anti-fouling  compositions  began  to  make  perish- 
able varnishes  and  grease  paints,  which  should, 
by  the  deterioration  and  wasting  of  their 
surface,  imitate  as  nearly  as  possible  the  ex- 
foliation of  the  copper  sheathing,  and  such 
anti-foulers  gave  under  certain  circumstances 
much  more  successful  results.  The  idea  was 
that  the  ship,  having  been  coated  with  a pro- 
tective paint  or  composition  to  preserve  the 
iron,  a second  or  more  coatings  was  put  on 
over  the  protective,  consisting  of  varnish  paints 
which  should  slowly  yield  soluble  poisons  to  the 
sea  water,  and  in  doing  so  would  lead  to  the 
disintegration  of  the  varnish  surface,  which, 
being  washed  off,  exposed  fresh  quantities  of 
the  poisons  to  the  water. 

Such  compositions  proved  very  satisfactory 
in  the  mercantile  marine,  and  all  the  time 
that  a vessel  was  actively  engaged  in  going 
from  port  to  port  gave  excellent  results,  but 
directly  these  same  compositions,  which  had 
gained  a reputation  in  the  merchant  service, 
were  tried  on  Service  vessels,  they  were  found 
to  be  as  unsatisfactory  as  those  which  before 
had  been  in  use.  The  reason  for  this  failure  is 
evident.  Take  the  case  of  a liner  trading 
between  New  York  and  England  : she  is  run  at 
a high  speed  between  these  two  ports  for  the 
main  portion  of  her  life,  remaining  in  the  basin 
for  as  short  a period  as  possible  in  order  to 
utilise  to  the  full  her  money-earning  capacity  ; 
for  such  work  it  is  easy  to  arrange  an  anti- 
fouling composition,  which,  with  the  aid  of  the 
skin  friction  of  the  vessel,  would  cause  just 
sufficient  wasting  of  the  coating  to  give  the 
best  results.  When,  however,  this  is  applied 
to  a Service  vessel,  she  probably  goes  out  from 
dock  into  the  basin  and  remains  there  stationary 
for  perhaps  months,  and  then  goes  to  sea,  where 
she  is  kept  manoeuvring  at  various  rates  of 
speed  for  a considerable  period.  During  the 
period  she  is  in  the  basin,  the  composition 
undergoes  practically  no  wasting,  and  a thin 
film  of  carbonate  of  lime  and  mud  deposits  on 
the  surface,  which  forms  an  excellent  foothold 
for  any  germs  and  spores  that  may  be  in  the 
water,  and  which,  on  going  to  sea,  have  often 
advanced  too  far  for  the  growth  to  be  readily 
got  rid  of. 

The  bad  results  so  obtained  led  to  a com- 
position being  put  on  which  wasted  with  suffi- 
cient rapidity  to  prevent  any  such  deposition 
in  harbour,  with  the  result  that  when  the  vessel 
went  to  sea,  the  deterioration  being  accelerated 
to  an  enormous  extent  by  skin  friction,  the 
composition  was  practically  all  exhausted  in  a 
very  short  time. 

The  most  efficient  anti-fouling  compositions 
all  contain  copper  or  mercury  as  the  poison. 
In  some  cases  soluble  salts  of  these  metals  are 
employed  with  a fairly  strong  and  lasting 
varnish ; in  others  oxides  or  insoluble  Salts  are 
used  with  varnishes  which  perish  more  rapidly 
on  their  surfaces  and  allow  the  action  of  the 
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sea  water  to  convert  the  compounds  into 
soluble  salts. 

It  is  evident  that  with  compositions  con- 
taining such  metallic  compounds  every  atten- 
tion must  be  paid  to  the  protection  of  the  hull, 
as  otherwise  the  formation  of  soluble  salts  of 
copper  and  mercury  might  result  in  the  deposi- 
tion on  the  iron  of  these  metals  by  reduction, 
in  which  case  rapid  galvanic  action  would  be 
set  up,  and  would  lead  to  serious  pitting  of  the 
plates  of  the  vessel. 

The  compositions  of  the  present  day  may  be 
divided  into  two  classes  : 

1.  Grease  paints  containing  a metallic 

poison ; 

2.  Quick-drying  varnish  paints,  also  charged 

with  the  same  poisonous  constituents. 
The  former  class  has  met  with  a considerable 
degree  of  success,  but  they  have  also  several 
very  serious  drawbacks.  As  regards  the  pre- 
vention of  fouling,  they  give  results  not  very 
far  removed  from  the  best  varnish  paints, 
and  in  certain  waters,  such  as  the  Mediterranean, 
have  proved  themselves  to  be  excellent  anti- 
foulers,  but  they  undoubtedly  increase  the  skin 
friction  of  the  vessel,  and  so  tend  to  diminish 
speed  ; whilst  a second  trouble  is  that,  although  a 
varnish  paint  may  often  be  scrubbed  and  touched 
up  where  fouling  has  been  but  slight,  with  a 
grease  paint  the  whole  has  to  be  removed  before 
recoating,  and  they  are  much  more  costly  than 
the  varnish  paints,  with  the  result  that  in  the 
merchant  service  they  are  used  only  to  a very 
limited  extent.  Another  drawback  to  their  use 
is  that  it  is  impossible  to  properly  scrape  and 
recoat  the  vessel  during  the  short  period  of 
docking  which  would  suffice  for  a varnish 
paint. 

In  the  manufacture  of  varnish  paints  it  is 
necessary  to  mix  with  the  solution  of  gum  or 
resin  in  a volatile  solvent  a sufficient  proportion 
of  linseed  oil  to  give  elasticity  to  the  vehicle, 
and  these  paints  have  been  in  use  in  England 
since  about  1870,  the  greatest  advance  in  them 
being  due  to  the  introduction  of  the  hot  process 
in  their  manufacture,  which  enables  a more 
intimate  mixture  to  be  made  with  greater 
adhesive  power  and  a smoother  surface. 

The  rate  at  which  disintegration  of  these 
paints  takes  place  is  governed  largely  by  the 
kind  of  gum  used  in  the  varnish,  and  by  the 
amount  of  mineral  matter  introduced  as  colour- 
ing and  poisonous  material,  the  solubility  of 
these  having  a considerable  influence  on  the 
rate  of  disintegration. 

With  a tough  and  tenacious  vehicle,  which  by 
itself  would  undergo  but  little  disintegration 
under  the  action  of  sea  water,  it  is  quite  possible 
to  use  soluble  mercury  or  copper  salts,  which  are 
liberated  only  very  slowly  during  the  gradual 
destruction  of  the  varnish.  On  the  other  hand, 
if  a rosin  varnish  be  employed,  insoluble  bodies, 
like  the  oxides  of  copper  and  mercury,  the  sub- 
chloride of  mercury,  or  Scheele’s  green  (copper 
arsenite),  may  be  used,  the  oxides  and  other 
salts,  when  exposed  to  the  sea  water,  being  very 
slowly  converted  into  soluble  chlorides. 

Many  eompositions  contain  arsenic  and 
arsenic  compounds,  such  as  sodium  arsenite,  as 
these  had  been  found  effective  as  weed  killers 
under  ordinary  conditions,  and  it  was  expected 
that  in  a composition  they  would  prevent  the 


growth  of  grass  at  the  water  line,  which,  as  it 
caught  the  eye,  gave  the  impression  of  the 
ship  being  very  foul.  Experience  showed, 
however,  that  the  arsenic  had  but  little  effect, 
and  mercury  and  copper  still  remain  pre-emi- 
nently the  metalUc  poisons  of  the  greatest 
value  in  anti-foulers.  H.  Wilhams,  Naval 
Constructor,  U.S.  Navy,  has  given  the  following 
composition  for  a paint  adopted  with  great 
success  for  naval  vessels  : grain  alcohol,  6 
gallons ; gum  shellac,  13f  lbs.  ; turpentine,. 
1 gallon ; pine-tar  oil,  1 gallon ; white  zinc 
oxide,  13f  lbs.  ; Indian  red,  13|  lbs.  ; red  oxide 
of  mercury,  4f  lbs.  It  was  found  that  the  cost 
of  this  paint  was  only  one-third  of  the  price 
charged  for  the  proprietary  paints. 

In  some  anti-fouling  varnish  paints  the 
poisonous  metals  themselves  have  been  carried 
in  a very  fine  state  of  division,  some  paints 
containing  very  finely  divided  copper,  precipi- 
tated from  the  solution  of  a copper  salt  by  iron 
or  zinc  ; whilst  others  contain  metallic  mercury 
in  a comminuted  condition,  obtained  by  adding 
stannous  chloride  to  the  solution  of  a mercurous 
salt ; these  paints,  however,  show  but  little 
advantage  over  those  containing  salts  of  the 
metals. 

One  of  the  most  difficult  portions  of  the  ship 
to  deal  with  is  what  is  known  as  the  ‘ boot  top,’ 
that  is,  the  portion  between  the  heavy  and 
light  load  line,  as  when  a ship  is  discharging 
cargo  the  anti-fouling  composition  over  this 
portion  is  exposed  to  the  sun  and  rapidly  perishes 
and  peels  off,  whilst  when  the  ship  is  again 
loaded,  it  is  once  more  immersed,  and  the 
alternate  action  of  sunshine  and  air  and  sea 
water  perishes  the  paint  at  the  very  spot  where 
it  is  most  likely  to  be  abraded  by  contact  with 
lighters  and  barges,  the  result  being  that  it  is 
often  necessary  to  touch  up  this  portion  of  the 
vessel  with  paint  during  the  voyage,  and  as  good 
anti-fouling  paints  are  rarely  carried  for  this 
purpose,  this  portion  of  the  ship  is  often  painted 
with  ordinary  paint,  and  hence  is  liable  to  more 
damage  than  other  parts  of  the  vessel. 

V.  B.  L. 


CORROSIVE  SUBLIMATE  {Mercuric  chloride) 
V.  Mercury. 

CORUBIN  V.  Abrasives. 

CORUNDUM.  {Corindon,  Fr.  ; Korund,  Ger.  ; 
from  the  Sanskrit  name  korund.)  Crystallised 
alumina  (AI2O3).  The  crystals  belong  to  the 
rhombohedral  system,  and  are  isomorphous 
with  hsematite  (FeaOg).  They  vary  considerably 
in  habit,  having  the  form  of  hexagonal  prisms, 
pyramids,  or  tables.  In  some  crystals  the 
combination  of  six  faces  of  the  primary  rhombo- , 
hedron  with  two  faces  of  the  basal  plane  pro 
duces  a form  strikingly  similar  to  the  regular 
octahedron.  There  is  no  true  cleavage,  but 
often  the  crystals  and  crystalline  masses  show 
a pseudo-cleavage  or  parting  parallel  to  the 
basal  plane  or  to  one  or  more  faces  of  the  primary 
rhombohedron,  due  to  lamellar  twinning  on 
these  planes.  On  these  surfaces  the  lustre  is 
sometimes  pearly,  but  otherwise  it  is  usually 
vitreous,  or  inclining  to  adamantine  in  character. 
The  fracture  is  uneven  to  conchoidal ; and  the 
sharp  jagged  edges  of  the  irregular  grains  give 
effect  to  the  cutting  power  of  the  material  when 
used  as  an  abrading  agent.  Analyses  show  the 
presence  of  95-99  p.c.  of  alumina,  with  small 
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amounts  of  ferric  oxide,  magnesia,  silica, 
water,  &c.,  and  sometimes  traces  of  chromium. 
Sp.gr,  3’9-4'l.  The  crystals  are  optically 
uniaxial  and  negative ; refractive  indices  for 
sodium  light  co= 1-7690,  e=- 1-7598.  The  di- 
chroism  is  marked.  Next  to  diamond,  it  is  the 
hardest  of  minerals,  being  placed  as  No.  9 in 
the  scale  of  hardness  ; on  this  account  it  was 
formerly  known  as  adamantine  spar. 

A distinction  is  made  between  the  transparent 
‘ precious  corundum  ’ and  the  dull,  opaque 
‘ common  corundum,’  while  a third  still  less 
pure  variety  is  known  as  emery  {q.v.).  This 
division  also  corresponds  with  the  economic 
uses  of  the  mineral,  ‘ precious  corundum  ’ 
being  used  for  gem-stones,  and  ‘ common 
corundum  ’ and  emery  for  abrasive  purposes. 
The  pure,  well-crystallised  material  is  perfectly 
colourless  and  transparent  with  a high  degree 
of  brilliancy.  Traces  of  inorganic  impurities, 
however,  produce  a wide  range  of  colours, 
which  are  more  vivid  in  ^the  stones  of  gem- 
quality,  namely  red  (rubyj*,  orange  and  yellow 
(‘  oriental  topaz  ’),  green  (‘  oriental  emerald  ’), 
blue  and  indigo  (sapphire),  and  violet  (‘  oriental 
amethyst  ’).  Parti-coloured  stones  are  not 
uncommon.  The  colour  of  common  corundum 
is  usually  grey  or  brown. 

Corundum  is  not  a widely  distributed  mineral, 
but  it  is  found  in  abundance  at  certain  localities. 
It  occurs  in  igneous  and  metamorphic  rocks, 
such  as  granite,  syenite,  gneiss,  peridotite,  and 
serpentine,  and  in  crystalline  limestones. 
Material  of  gem-quality  is  usually  collected  as 
water-worn  pebbles  in  gravels  derived  from 
these  rocks.  Material  for  gem-stones  and  for 
abrasive  purposes  is  not,  as  a rule,  mined  in 
the  same  localities.  Taking  first  the  localities 
for  the  gem-varieties,  the  following  may  be 
noted  as  a few  of  the  most  important.  The  best 
rubies  are  obtained  from  the  famous  mines 
near  Mogok  in  Upper  Burma,  where  they  occur 
in  a white  crystalline  marble  near  its  contact 
with  gneiss  ; they  are  mined  in  this  rock  and 
also  in  its  products  of  decomposition.  Dark- 
coloured  rubies  are  obtained  with  sapphire  from 
alluvial  deposits  in  the  provinces  of  Chantabun 
and  Krat  in  Siam.  Stones  of  good  quality  have 
also  been  mined  together  with  common  corundum 
in  Macon  Co.,  North  Carolina.  The  best 
sapphires  come  from  the  gem-gravels  of  Ceylon  ; 
other  localities  of  importance  are  Siam  and 
Kashmir.  Dark-blue  and  greenish-blue  sap- 
phires occur  abundantly  in  gravels  near  Anakie 
in  Queensland ; while  paler  stones  of  various 
shades  ('  fancy  stones  ’)  are  plentiful  in  the 
neighbourhood  of  Helena  in  Montana. 

Common  corundum  as  used  for  abrasive 
purposes  (apart  from  emery,  q.v.)  was  formerly 
mainly  mined  in  the  United  States  ; later  the 
Canadian  deposits  came  into  prominence  ; while 
now  the  latter  are  being  ousted  by  the  artificial 
products  carborundum  and  alundum.  India 
has  also  since  remote  times  produced  a certain 
amount  which  has  been  largely  used  by  the 
native  lapidaries.  In  the  United  States  the 
corundum  deposits  extend  along  the  Appala- 
chian Range  from  Alabama  to  Massachusetts, 
reaching  their  greatest  development  in  North 
Carolina  and  Georgia.  Here  they  occur  in 
peridotites  near  their  contact  with  gneiss.  In 
Canada  a belt  of  corundum-bearing  syenites 


(nepheline  and  related  alkaline  syenites),  associ- 
ated with  the  Laurentian  gneisses,  extends  for 
100  miles  across  Renfrew,  Hastings,  and  Hali- 
burton  counties  in  Ontario,  the  principal  mining 
district  being  near  Craigmont  in  Renfrew  Co. 
Large  rough  crystals  of  corundum  are  abundant 
in  gneiss  in  Madagascar  and  at  Steinkopf  in 
Namaqualand,  South  Africa.  More  recently, 
important  deposits  have  been  discovered  and 
worked  in  the  Zoutpansberg  and  Pietersburg 
districts  in  northern  Transvaal. 

The  corundum- bearing  rock  as  mined  is 
crushed  between  hardened  steel  rolls  and  the 
heavier  corundum  separated  in  water  by  means 
of  jigs  and  concentrating  tables.  It  is  sifted 
into  different  grades  of  fineness  and  used 
(1)  as  loose  grains  ; (2)  mixed  with  glue  or  other 
soft  cement  as  a coating  on  paper  or  cloth ; 
and  (3)  as  corundum-wheels  for  grinding.  The 
last  named  are  of  three  classes  : {a)  The 

‘ vitrified  wheel,’  in  which  the  corundum  is 
mixed  with  clay  and  baked  at  a high  temperature, 
with  the  result  that  the  grains  of  corundum  are 
set  in  a matrix  of  porcelain.  (6)  The  ‘ chemical 
wheel,'  in  which  sodium  silicate  is  the  binding 
material,  (c)  The  ‘ cement  wheel  ’ with  shellac, 
rubber,  linseed-oil,  &c.,  or  magnesium  oxy- 
chloride. Another  use  for  corundum,  depend- 
ing on  its  hardness,  is  for  the  pivot  supports  for 
watches  (watch- jewels)  and  other  delicate 
instruments,  the  poorer  qualities  of  gem- 
material  being  used  for  this  purpose.  Although 
corundum  is  the  richest  ore  of  aluminium,  there 
are  difficulties  in  its  use  for  the  extraction  of 
the  metal.  It  has,  however,  been  used  directly 
in  the  preparation  of  aluminium-copper  and 
aluminium-iron  alloys. 

The  artificial  preparation  of  crystallised 
corundum  was  first  effected  by  M.  A.  Gaudin, 
in  1837,  by  decomposing  potash-alum  with 
charcoal.  It  has  since  then  been  produced  by 
a variety  of  methods,  and  is  now  manufactured 
on  a large  scale  both  for  use  as  gem-stones  and 
for  abrasive  purposes.  Beautiful  crystals  of 
ruby  were  prepared  by  E.  Eremy  and  Eeil,  in 
1877,  by  heating  a mixture  of  alumina  and  red- 
lead  with  potassium  dichromate  in  a porous 
fireclay  crucible ; a fusible  aluminate  of  lead 
was  thereby  formed,  which  was  decomposed  by 
the  sihca  of  the  crucible  with  the  separation 
of  crystallised  alumina.  The  crystals  so  ob- 
tained, though  of  some  size,  good  colour,  and 
perfectly  transparent,  were  unfortunately  too 
thin  for  cutting  as  gems.  A far  greater  measure 
of  success  was  achieved  by  A.  Verneuil  in  1902, 
who  has  produced  fine  gems  of  all  colours 
{v.  Gems,  Artificial).  Interesting  experiments 
from  a petrological  point  of  view  were  con- 
ducted by  J.  Morozewicz  in  1898,  in  which  he 
obtained  crystallised  corundum  in  silicate 
magmas  supersaturated  with  alumina.  Artificial 
corundum,  used  as  an  abrasive  under  the  trade 
name  of  alundum  (aloxite,  adamite),  is  now 
manufactured  on  a large  scale  at  Niagara  Falls 
by  fusing  bauxite  in  an  electric  furnace.  ‘ Coru- 
bin  ’ is  also  an  artificial  corundum,  formed  as  a 
by-product  in  the  Goldschmidt  thermite  process. 

References. — A.  E.  Barlow,  Corundum,  its 
Occurrence,  Distribution,  Exploitation,  and 
Uses,  Canada,  Dept.  Mines,  Geol.  Survey,  Mem. 
57,  Ottawa,  1915,  378  pp.  (with  special  reference 
to  the  Canadian  deposits) ; T.  H.  Holland, 
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No.  269  ; J.  H.  Pratt  and  J.  V.  Lewis,  North 
Carolina  Geol.  Survey,  1905,  i.  ; P.  A.  Wagner, 
South  African  Journ.  Industries,  1918,  i,  776  ; 
Trans.  Geol.  Soc.  S.  Africa,  1919,  xxi.  37  ; M. 
Bauer,  Edelsteinkunde,  2nd  edit.,  Leipzig,  1909, 
and  English  translation  by  L,  J.  Spencer,  London, 
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CORYBULINE,  CORYCAVINE  z;.  Coryda- 
line. 

CORYDALINE  AND  THE  CORYDALIS 
ALKALOIDS.  These  alkaloids  occur  in  the 
roots  of  the  Gorydalis  tuberosa  (DC.)  (syn.  C. 
cava,  C.  bulbosa,  Bulboca'pnus  cavus),  belonging 
to  the  Eumariacese  ; and  also  in  some  other 
species  of  this  genus  {G.  ambigua,  G.  vernyi,  G. 
nobilis).  Corydaline  was  discovered  by  Wacken- 
roder,  in  the  year  1826  ; and  forty  years  later 
Wicke  (Annalen,  1866,  137,  274)  described  the 
alkaloid  more  fully,  assigning  to  it  the  formula 
C18HJ9O4N.  An  investigation  by  Adermann 
(Inaug.  Dissert.,  Dorpat,  1890)  indicated  that 
G.  cava  contained  three  or  four  different  alka- 
loids, and  the  formula  C20II23O4N  was  attributed 
to  the  one  which  is  now  regarded  as  corydaline. 

This  base  was  more  completely  examined  by 
Dobbie  and  Lauder  (Chem.  Soc.  Trans.  1892, 
61,  244,  605),  and  by  Freund  and  Joseph! 
(Annalen,  1893,  277,  1),  who  respectively  ascribed 
to  it  the  formula  C22H29O4N  and  C22II27O4N, 
the  latter  being  probably  the  more  correct 
formula.  About  the  same  time  Freund  and 
Joseph!  isolated  three  other  alkaloids  from 
G.  cava  roots,  namely  bulbocapnine,  corycavine, 
and  corybidbine ; whilst  Dobbie  and  Lauder 
described  a fifth,  corytuberine  {l.c.  1893,  63,  485). 

Several  other  corydalis  alkaloids  have  since 
been  isolated,  the  chief  of  which  are  dehydro- 
corydaline, isocorybulbine,  corycavamine,  cory- 
cavidine,  and  corydine.  Gadamer,  Ziegenbein, 
and  Wagner  have  classified  the  principal  alka- 
loids into  the  following  three  groups  : — 


{Corydaline 
Dehydrocorydaline 
Corybulbine  . 
isoCorybulbine 

{Corycavine 
Corycavamine 
Corycavidine  . 

{Bulbocapnine  . 
Corytuberine  . 
Corydine 
^5oCorydine 


C22H2;04N 

C22H23O4N 

C21H29O4N 

C24H23O4N 

C23H23O6N 

C24H24O5N 

C22H29O5N 

C49H49O4N 

C49H24O4N 

C20H23O4N 

C20H23O4N 


The  alkaloids  in  the  first  group  are  of  weakly 
basic  character,  those  in  the  third  are  strong; 
bases,  and  the  members  of  the  second  group 
are  intermediate  in  this  respect.  All  are  oxidised 
by  iodine,  the  first  group  yielding  berberine- 
like  compounds,  except  in  the  case  of  dehydro- 
corydaline, which  is,  itself,  already  such  a com- 
pound. The  third  group  all  contain  phenolic 
hydroxyl,  and  are  therefore  dissolved  by  alkalis. 

Prolopine  and  two  other  alkaloids,  one  of 
which  has  the  formula  C20II17O4N,  and  is 
isomeric  with  berberine,  have  been  found  in 


Chinese  corydalis  tubers  {G.  ambigua),  as  well 
as  the  first  three  members  of  Group  1 (Makoshi, 
Arch.  Pharm.  1908,  246,  381).  Five  more 
alkaloids,  including  glaucine,  have  been  obtained 
from  parts  of  G.  tuberosa  by  Haars  and  by 
Gadamer  (Arch.  Pharm.  1905,  243,  154 ; and 
1911,  249,  224). 

To  separate  the  chief  corydalis  alkaloids 
Gadamer,  Ziegenbein,  and  Wagner  extract  the 
ground  root  with  alcohol,  distil  off  the  solvent, 
dilute  and  acidify  the  residue  with  acetic  acid. 
After  filtering,  the  acid  filtrate  is  purified  by 
extraction  with  ether,  then  made  ammoniacal, 
and  the  alkaloids  extracted  by  means  of  ether. 
From  the  ethereal  solution,  after  most  of  the 
solvent  has  been  distilled  off,  a mixture  of 
corydaline,  bulbocapnine,  corycavine,  and  cory- 
bulbine is  deposited ; these  are  separated,  in 
the  order  given,  by  successive  extractions  with 
boiling  alcohol.  More  corydaline  is  obtained 
from  the  mother  liquor  on  further  concentration. 
The  residue  evaporated  to  dryness  is  converted 
into  hydrobromides  *and^  fractionally  precipi- 
tated with  ammonia,  this  treatment  giving  more 
corydaline,  and  also  corybulbine,  jisocorybulbine, 
corycavamine,  corycavine,  corydine,  and  bulbo- 
capnine, in  the  order  named.  Corytuberine 
remains  in  the  ammoniacal  solution,  and  is 
obtained  by  extraction  with  chloroform  after 
evaporating  the  solution  to  a syrupy  consistency. 
To  purify  the  crude  corydaline  it  is  converted 
into  the  hydrochloride  and  precipitated,  together 
with  some  corycavine,  from  an  aqueous  solution 
by  addition  of  alkali ; any  bulbocapnine  present 
remains  in  solution,  and  can  be  recovered  by 
passing  carbon  dioxide  into  the  alkaline  liquid. 
The  corydaline  and  corycavine  may  then  be 
separated  by  repeated  crystallisation  from 
absolute  alcohol ; corydaline,  being  the  more 
soluble  of  the  two,  accumulates  -in  the  later 
fractions. 

Corydalis  roots  have  been  used  in  pharmacy, 
and  are  credited  with  antiperiodic  properties. 
The  alkaloids  have  a narcotic  effect,  but  are 
not  employed  in  medicine.  The  members  of 
the  three  groups  above-mentioned  are  closely 
related  in  physiological  action  as  well  as  chemical 
constitution.  According  to  Peters  (Arch.  expt. 
Path.  Pharm.  1904,  51,  130)  and  Gadamer 
(Arch.  Pharm.  1905,  243,  147),  the  alkaloids  of 
the  corydaline  group  produce  paralysis  of  the 
spinal  cord,  and  those  of  the  corycavine  group 
stimulate  the  motor  centres  ; whilst  the  members 
of  the  bulbocapnine  group  give  rise  to  increased 
reflex  action.  All  except  corytuberine  induce 
in  frogs  narcosis  like  that  due  to  morphine,  and 
have  a prejudicial  effect  upon  the  action  of  the 
heart.  It  has  been  suggested  that  bulbocapnine 
may  be  useful  as  a narcotic  in  veterinary  prac- 
tice, in  the  case  of  animals  on  which  morphine 
has  a stimulating  effect. 

Group  1.  Gorydaline  C22H27O4N  crystallises 
from  alcohol  in  hexagonal  prisms,  m.p.  134 '5°, 

[«]p^+317°  in  chloroform  or  +310°  in  alcohol. 

It  dissolves  easily  in  ether,  chloroform,  carbon 
disulphide,  benzene,  or  warm  alcohol,  but  is 
sparingly  soluble  in  cold  alcohol,  and  insoluble 
in  water  or  alkalis.  Corydaline  and  its  solutions 
are  quickly  coloured  yellow  by  the  action  of 
light  or  heat.  It  gives  well-crystallised  salts. 
The  auricJiloride  (B'HCljaAuCla  crystallises  from 
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dilute  alcoholic  hydrochloric  acid  as  orange- 
coloured  needles,  m.p.  207°  ; the  'platinicJiloride 
(B‘HCl)2PtCl4  forms  brown  crystals,  m.p.  227°  ; 
the  hydrochloride  B'HC1,2H20,  columnar  crys- 
tals, m.p.  206°-207° ; and  the  ethyl  sulphate 
B'C2H5HS04H20,  large  colourless  prisms,  m.p. 
152-5°. 


On  oxidation  with  iodine  in  alcohol  corydaline 
yields  dehydrocorydaline,  which  occurs  with  it 
in  Corydalis  tuherosa  (Schmidt,  Arch.  Pharm. 
1908,  246,  575).  Four  methoxyl  groups  are 
present  in  corydaline,  and  the  base  contains  a 
tertiary  nitrogen  atom,  since  it  reacts  with 
methyl  iodide  to  form  corydaline  methiodide 
B-CHgl.  Oxidised  with  permanganate,  it  gives 
eventually  hemipinic  and  weto-hemipinic  acids, 
showing  the  presence  of  two  benzene  nuclei  in 
the  molecule.  At  the  same  time,  another 
oxidation  product,  corydaldine  CnHjgOgN,  is 
formed ; and  from  the  constitution  of  this  the 
presence  of  an  ^.soquinoline  nucleus  in  the  original 
alkaloid  is  inferred. 

On  oxidation  of  eorydaline  with  dilute  nitric 
acid  instead  of  permanganate,  dehydrocory- 
daline is  first  produced.  One  of  the  benzene 
nuclei  is  next  destroyed,  and  a yellow  dibasic 
acid,  corydic  acid  CigHj^OgN+^HaO,  is  formed. 
When  corydic  acid  is  in  turn  oxidised  with 
permanganate,  it  yields  first  an  insoluble, 
colourless,  tribasic  acid  C17H45O8N,  corydilic 
acid,  and  eventually  wetohemipinic  acid,  and 
a methyl  pyridine  tricarboxylic  acid,  which 
latter  on  further  oxidation  is  converted  into 
pyridine-2  : 3 : 4 : 6-tetracarboxylic  acid 
CgHgOgN.  The  position  of  the  methyl  group 
in  the  tricarboxylic  acid  is  thus  indicated ; and 
from  this  and  the  foregoing  results  the  following 
constitutional  formulae  for  corydaline  and 
dehydrocorydaline  are  deduced  (Dobbie  and 
Lauder,  Chem.  Soc.  Trans.  1892,  61,  605  ; 
1894,  65,  57;  1897,  71,  657;  1899,  75,  670; 
and  1902,  81,  145) 


1 


'|OMe 

3 


MeO 


Corydaline. 


MeO 

MeO 


Me 


3 


N 

H., 


Dehy  drocory  daline . 


This  formulation  indicates  the  close  relation- 
ship shown  by  these  alkaloids  with  tetrahydro- 
berberine  and  berberine  respectively.  The 
former  differs  from  corydaline  only  in  having  a 
dioxymethylene  group  substituted  for  the  two 
methoxyl  groups  in  ring  4,  and  a hydrogen 
atom  for  the  methyl  group  in  ring  2.  Between 
the  absorption  spectra  of  corydaline  and  tetra- 
hydroberberine  there  is  also  a very  close  rela- 
tion ; in  fact,  the  only  difference  is  that  the 
general  absorption  shown  by  tetrahydrober- 
berine  is  slightly  greater  than  that  of  corydaline 
(Chem.  Soc.  Trans.  1903,  83,  598). 

By  reduction  of  dehydrocorydaline  two 
optically  inactive  corydalines  are  produced, 
r-corydaline,  m.p.  135°,  and  r-mesocorydaline, 
m.p.  158°-159°,  the  two  compounds  being 
stereoisomeric.  The  former  is  obtained  when 
an  aqueous  solution  of  dehydrocorydaline  hydro- 


chloride is  treated  with  platinised  zinc  and  dilute 
sulphuric  acid  at  the  temperature  of  the  water- 
bath.  Its  sulphonic  acid  can  readily  be  resolved 
by  means  of  brucine  into  the  corresponding 
I-  and  d-salts.  r-Mesocorydaline  is  obtained  to- 
gether with  its  isomeride  under  milder  conditions 
of  reduction,  by  keeping  an  alcoholic  solution  of 
dehydrocorydaline  hydrochloride  with  zinc-dust 
and  sulphuric  acid  at  the  ordinary  temperature 
until  it  is  decolourised.  The  separation  of  the 
two  bases  is  easily  effected  by  crystallisation 
from  ether,  the  r-mesocorydaline  alone  separating 
(Gadamer  and  Klee,  Arch.  Pharm.  1916,  254, 
295).  By  means  of  the  camphorsulphonate  it 
can  be  resolved  into  active  components,  but 
neither  the  Z-form  nor  the  d-form  is  identical 
with  natural  corydaline. 

Dehydrocorydaline  C22H23O4N  occurs  in  the 
roots  of  C.  tuherosa,  C.  amhigua,  C.  solida,  and 
C.  vernyi.  From  corydaline  it  is  produced  by 
the  action  of  mild  oxidising  agents,  such  as 
dilute  nitric  acid.  It  is  a yellow  crystalline 
powder,  m.p.  112°-113°  (deomp.),  and  gives 
crystalline  salts ; the  aurichloride  B-HAuCl4 
forms  red-brown  needles,  m.p.  219°.  It  gives  a 
crystalline  oxime,  m.p.  165°  ; and,  like  berberine, 
unites  with  one  molecule  of  chloroform,  yielding 
a colourless  crystalline  compound,  m.p.  154°. 
Haars  ascribes  the  formula  C22H25O5N  to 
dehydrocorydaline,  and  regards  the  alkaloid  as 
having  a keto -structure  when  in  the  free  state, 
but  as  being  a quaternary  base  when  in  solution 
(Arch.  Pharm.  1905,  243,  165). 

Corybulbine  was  first  separated  by  Freund 
and  Joseph!  (l.c.)  from  commercial  corydaline, 
and  more  fully  investigated  by  Dobbie  and 
Lauder,  who  assigned  to  ittheformulaC2iH25  04N 
(Chem.  Soc.  Trans.  1894,  65,  25).  It  is  soluble 
in  boiling  alcohol,  from  which  it  separates,  on 
cooling,  as  a fine  crystalline  powder,  m.p.  238°- 
240°.  It  is  practically  insoluble  in  water, 
sparingly  soluble  in  ether  and  in  methyl  alcohol, 
readily  in  carbon  disulphide,  chloroform,  and 
hot  benzene.  The  solution  in  chloroform  is 

dextrorotatory,  [a]^^ + 303  -3°.  Corybulbine  gives 

well-crystallised  salts  ; the  hydrochloride  B'HCl 
forms  yellowish  prisms,  m.p.  245°-250°.  On 
oxidation  with  iodine  in  alcohol  corybulbine 
gives  dehydrocorybulbine  C2iH2i04N,  m.p.  210°- 
211°,  and  on  treatment  with  hydriodic  acid 
furnishes  3 molecules  of  methyl  iodide.  On 
methylation  with  methyl  iodide  in  the  presence 
of  potassium  hydroxide,  it  yields  corydaline,  so 
that  it  differs  from  the  latter  only  in  containing 
an  — OH  group  in  place  of  an  - — OMe  group, 
probably  in  the  ^5oquinoline  nucleus  (Dobbie, 
Lauder,  and  Paliatseas,  Chem,  Soc.  Trans.  1901, 
79,  87). 

iso-Corybulbine  C21H25O4N,  first  obtained 
by  Gadamer,  Ziegenbein,  and  Wagner,  and 
subsequently  examined  by  Bruns  (Arch.  Pharm. 
1902,  240,  19),  crystallises  from  alcohol  in 
voluminous  leaflets,  m.p.  179°-180°,  [a]p-l-299-8° 
in  chloroform,  and  on  oxidation  with  iodine 
in  alcohol  yields  dehydroiBocorybulbine 

C21H21O4N 

The  latter  resembles  dehydrocorydaline  and 
dehydrocorybulbine,  and  its  hydriodide  reduced 
with  zinc  and  sulphuric  acid  gives  t-fsocorybul- 
bine,  m.p.  165°-167°.  Three  methoxyl  groups 


398 


CORYDALINE  AND  THE  CORYDALIS  ALKALOIDS, 


are  present  in  ^50corybulbine  (c/.  Bruns,  idem. 
1903,  241,  634). 

Group  2.  Gorycavine  CaaHasOgN  was  first 
obtained  by  Freund  and  Josephi  (Annalen, 
1893,  277,  15).  It  is  insoluble  in  water  and  in 
alkalis,  sparingly  soluble  in  cold,  but  more 
readily  in  hot  absolute  alcohol,  from  which  it 
crystallises  in  rhombic  tablets,  m.p.  218°-219°  ; 
the  alkaloid  is  optically  inactive.  The  hydro- 
chloride B’HCljHgO  forms  broad  needles,  m.p. 
219°  ; the  hydriodide  B'HIjHgO  has  m.p.  236°  ; 
and  the  aurichloride  B‘HAuCl4  has  m.p.  178°- 
179°  (decomp.).  With  methyl  iodide  it  reacts 
as  a tertiary  base,  the  methiodide  produced 
forming  rhombic  tablets,  m.p.  218°.  Gorycavine 
contains  a dioxymethylene  group,  but  no  — OH 
or  — OMe  group  (Ziegenbein,  Arch.  Pharm. 
1896,  234,  523 ; and  Gaebel,  idem.  1910, 248,  207). 

Gorycavamine  CgiHgiOgN,  like  corycavine, 
contains  no  methoxyl  group,  but  probably  a 
dioxymethylene  group.  It  is  a crystalline  base, 
forming  rhombic  columns,  m.p.  149°,  and  has 

90 

[a]  d-166‘6°  in  chloroform;  but  on  heating 

at  180°,  or  by  warming  with  acetic  anhydride, 
it  may  be  converted  into  an  optically  inactive 
modification,  m.p.  213°-214°,  resembling  crypto- 
pine (Gadamer,  Ziegenbein,  and  Wagner,  Arch. 
Pharm.  1902,  240,  81). 

Gorycavidine  C22H26^6^  been  described 
by  Gadamer  1911,  249,  30).  The  mixed 

amorphous  alkaloids  of  G.  cava  on  conversion 
into  thiocyanates  can  be  separated  into  two 
groups,  one  giving  crystalline  thiocyanates, 
soluble  with  difficulty  in  alcohol,  the  other  readily 
soluble,  and  amorphous.  From  the  second 
group  corycavidine  was  isolated.  It  is  crystal- 
line, and  has  m.p.  212°-213°,  [a]“^+203T°  in 

chloroform.  It  appears  to  be  corycavamine, 
in  which  a dioxymethylene  group  is  replaced 
by  two  methyoxyl  groups.  Like  corycavamine, 
it  is  converted  on  heating  into  the  optically 
inactive  form,  m.p.  193°-195°  after  recrystallisa- 
tion ; the  change  occurs  at  209°.  Corycavidine 
crystallises  from  hot  chloroform  with  ICHCI3 
on  addition  of  alcohol.  It  forms  a crystalline 
hydrochloride  and  nitrate.  The  aurichloride 
BHAuCl^  is  a red  powder,  which  sinters  at  85° 
and  melts  at  170°  (decomp.). 

Group  3.  Bulbocapnine  C49H19O4N  was 
obtained  by  Freund  and  Josephi  from  the  roots 
of  Gorydalis  cava  (Annalen,  1893,  277,  10). 
It  separates  from  hot  absolute  alcohol  in 
rhombic  needles,  m.p.  199°,  fa]j)-F237’l°  in 
chloroform,  and  yields  crystalline  salts.  The 
hydrochloride  B'HCl  forms  needles,  m.p.  about 
270°  ; the  hydrobromide  B’HBr  has  m.p.  250°- 
270° ; the  hydriodide  B‘HI,  m.p.  230°-270° ; 
and  the  platinichloride,  m.p.  200°-230°  (decomp.). 
The  methiodide  B'CHgl  forms  shining  needles, 
m.p.  257°. 

Bulbocapnine  is  insoluble  in  water,  but 
dissolves  in  alkalis,  and  is  precipitated  from  its 
solutions  in  these  by  addition  of  carbon  dioxide 
or  ammonium  chloride.  Its  four  oxygen  atoms 
are  accounted  for  by  the  presence  of  a methoxyl, 
a hydroxyl,  and  a dioxymethylene  group 
(Gadamer  and  Kuntze,  Arch.  Pharm.  1911, 
249,  503,  598).  Further,  ‘ exhaustive  methyla- 
tion  ’ gives  rise  to  3 : 4-dimethoxy-5  : 6-dioxy- 
methylene-8-vinyl-phenanthrene,  which  brings 


bulbocapnine  into  close  relationship  with  apo- 
morphine.  The  same  authors  have  investigated 
the  other  members  of  this  group,  and  assign  the 
following  formulae  to  the  four  alkaloids  con- 
cerned {ibid.  641)  : — 


H2„NMe 


CH2-O 
Bulbocapnine. 


MeO 

Corytuberine. 


H 


HO 
MeO 


ajjNMe 

In, 

\/' 


MeO 


MeO 


Cory  dine.  iso- Cory  dine, 

Gorytuherine  Ci9H2i04N,5H20  was  obtained 
by  Dobbie  and  Lauder  from  commercial  cory- 
daline by  extraction  with  hot  water  (Chem,  Soc. 
Trans.  1893,  63,  485).  It  crystallises  from 
alcohol  in  fine,  silky  needles,  m.p.  240°, 

[a]^^-|-282‘6°  in  alcohol.  The  alkaloid  is  nearly 

insoluble  in  cold  water,  ether,  or  chloroform, 
slightly  soluble  in  benzene,  and  dissolves  readily 
in  hot  water  or  in  solutions  of  alkalis.  It  forms 
crystalline  salts,  including  a methiodide.  Two 
methoxyl  and  two  hydroxyl  groups  are  present. 
On  methylation  with  methyl  sulphate  or  diazo- 
methane a mixture  of  two  isomeric  monomethyl 
ethers  is  obtained ; these  correspond  with 
corydine  and  ^50corydine.  The  dimethyl  ether 
of  corytuberine  is  glaucine.  Corytuberine  in 
alkaline  solution  is  readily  oxidised  by  air, 
giving  a dark  green  liquid.  Its  physiological 
action  is  very  similar  to  that  of  apomorphine  ; 
and  as  with  bulbocapnine  and  corydine,  the 
characteristic  emetic  effect  disappears  when  the 
two  hydroxyl  groups  are  methylated  (Gadamer, 
Arch.  Pharm.  1902,  240,  81  ; and  1911,  249, 
503,  641). 

Gorydine  C20H23O4N  was  first  described  by 
Merck,  and  later  by  Gadamer  and  his  collabora- 
tors {idem.  1902,  240,  81  ; 1911,  249,  669).  It 
crystallises  from  alcohol  with  -|EtOH,  m.p 

124°- 125°,  or  149°  dry ; [a]^^+204-3°  in  chloro- 
form. Three  methoxyl  groups  and  one  hydroxjd 
group  are  present  in  the  alkaloid.  Oxidised 
with  iodine,  it  yields  the  hydriodide  of  dehydro- 
corydine  C2oH4904N'HI,  which,  on  reduction, 
gives  Gcorydine,  m.p.  165°-167°.  From  this 
I corydine  is  obtained  by  recrystallisation  of  the 
i-tartrate.  As  shown  above,  corydine  is  a 
monomethyl  ether  of  corytuberine. 

isoGorydine  C20H23O4N  is  obtained,  as 
already  shown,  by  methylating  corytuberine. 
It  crystallises  in  tablets,  m.p.  185°,  and  has 
20 

[a]^  +195 '3°  in  chloroform.  Its  methiodide  has 

m.p.  213°-214°,  and  [af^+143-3°. 

^ * 


J.  J.  D. 

CORYFIN.  Trade  name  for  ethyl  gly collie 
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menthyl  ester  CioHigO'CO'CHa'O'CgHg  used  in 
the  treatment  of  nasal  catarrh. 

COSMOS  REDSt'.  Azo-  COLOURING  MATTERS. 
COTARNINE  v.  Opium. 

GOTO  BARK.  True  coto  bark  is  obtained 
from  Bolivia,  the  Amazons  (Brazil),  and  Vene- 
zuela. It  has  been  considered  identical  with 
Winter’s  bark  [from  Drimys  Winteri  (Forst.)],  I 
but  its  source  is  really  unknown  ( Jobst  and  Hesse, 
Annalen,  282,  191).  It  comes  into  the  market 
in  long  strips  about  8 cm.  broad  and  12  mm. 
thick,  and  is  tough  and  hard.  The  colour  is 
cinnamon  brown,  and  a cross  section  shows 
numerous  yellow  spots.  It  has  an  aromatic 
odour,  and  contains  cotoin,  dicotdin,  hydrocotom 
and  metJiyl-hydrocotdin,  resins,  tannin,  &c. 
The  supply  of  the  true  coto  bark  is  limited,  so 
inferior  barks,  chiefly  para-coto  hark,  are  sold. 
These  contain  little  or  no  cotoin,  but  instead 
protocoto'in  and  methyl-prolocotdin. 

Cotoin  or  Benzoyl-phloroghLcinol-mono-methyl 
ether  Cj^4H;^204j  found,  together  with  various 

OH 


OH 


related  substances,  in  true  coto  bark,  but  not 
in  para  coto  bark,  and  has  been  the  subject  of 
much  investigation  by  Ciamician  and  Silber 
(Ber.  24,  299  and  2977;  25,  1119;  26,  777; 
27,  409  and  841  ; 28,  1549),  Jobst  (N.  Bepert. 
Pharm.  1876,  xxv.  23;  Ber.  11,  1031),  Jobst 
and  Hesse  (Ber.  10,  249 ; Annalen,  199,  17), 
and  Hesse  (Ber.  26,  2790;  27,  1182;  Annalen, 
282,  191).  As  a result  its  constitution  has  been 
made  clear  and  a number  of  its  derivatives 
described. 

Cotoin  can  be  isolated  from  true  coto  bark 
by  extracting  the  powdered  bark  with  cold 
ether,  distilling  off  the  ether  from  the  extract, 
and  mixing  the  residue,  whilst  still  hot,  with 
light  petroleum,  whereupon  a resinous-oily  mass 
separates,  from  which  the  solution  of  cotoin  can 
be  decanted  and  the  product  obtained  from  it 
in  the  form  of  large  yellow  crystals.  A further 
cjuantity  can  be  obtained  from  the  resinous 
mass  mentioned  above  by  boiling  it  with  lime- 
water,  and  treating  the  solution  obtained  with 
hydrochloric  acid,  when  the  cotoin  is  precipitated. 
Cotoin  may  be  recrystallised  from  alcohol,  or 
hot  water,  when  it  separates  in  yellow  prisms, 
melting-point  130°-131°C.  It  is  difficultly 
soluble  in  cold  water,  readily  soluble  in  hot, 
is  fairly  soluble  in  alcohol,  ether,  and  chloro- 
form, but  sparingly  soluble  in  light  petroleum 
or  benzene.  It  dissolves  in  alkalis  forming 
j^ellow  solutions  from  which  it  is  reprecipitated 
on  acidification.  As  decomposition  products  of 
cotoin,  phloroglucinol  as  also  benzoic  acid  have 
been  obtained. 

Cotoin  has  been  used  pharmaceutically  in 
cases  of  diarrhoea  and  of  phthisis. 

The  diacetiil  derivative  CjaHi^-O^,  produced 
by  the  action  of  acetic  anhydride,  or  acetic 
anhydride  and  sodium  acetate,  on  cotoin,  con- 
sists of  large  prisms,  melting-point  94°  C.  If 
sodium  acetate  is  used  in  the  acetylation,  the 
diacetyl  derivative  is  accompanied  by  the 


acetyl  derivative  of  onetlioxy -hydroxy -phenyl- 
couniarin  acetate,  melting-point  142°C. — 

MeO— 

\o^c— H 

CH3COO 

Be7izoyl  cotoin,  obtained  by  the  action  of 
benzoyl  chloride  on  cotoin,  crystallises  in  prisms, 
melting-point  110°-112°C. 

Dibenzoyl-cotoin  consists  of  needles,  melting- 
point  134°-135°C. 

Dimethyl-cotdin,  obtained  by^  the  action  of 
methyl  iodide  and  alkali  on  cotoin,  crystallises 
from  alcohol,  and  has  melting-point  138°  C. 
It  yields  a mono-acetyl  derivative,  colourless 
needles,  melting-point  150°  C.,  hence  the  formula 

HO-CeH-Me(OMe)2-CO-C6H5 
has  been  proposed  for  it  by  Ciamician  and 
Silber. 

Dihromcotdin  Ci4Hjo04Br3,  which  crystal- 
lises in  large  colourless  needles,  melting-point 
116°  0.,  is  prepared  by  the  action  of  bromine 
on  cotoin  in  chloroform  solution. 

Cotoin  oxime  C14H43NO4  crystallises  in 
plates,  soluble  in  alcohol,  difficultly  soluble  in 
water,  and  has  been  prepared  by  the  action  of 
hydroxylamine  hydrochloride  on  a cold  aqueous 
solution  of  cotoin  in  sodium  carbonate. 

Mono-7iitroso-cotoin  consists  of  dark  red 
leaflets,  or  orange-yellow  needles  (from  acetic 
acid),  melting-point  153°-154°  C.  (both  forms). 
The  needle  variety  possibly  contains  acetic  acid 
of  crystallisation  (Poliak,  Monatsh.  1901,  22, 
996). 

A dilute  solution  of  cotoin  in  sodium  car- 
bonate is  capable  of  coupling  with  diazonium 
compounds,  and  in  this  way  Perkin  and  Martin 
(Chem.  Soc.  Trans.  1897,  1149)  have  prepared 
the  following  derivatives  : — 

Coioin-azo-benzene  Ci4H4404'C6H5N2  crys- 
tallises from  acetic  acid  in  orange-yellow  needles, 
melting-point  183°- 184°  C.  ; it  yields  a diacetyl 
derivative,  Ci4H904'(C2H30)2'C6H5N2,  when 
treated  with  acetic  anhydride  and  sodium 
acetate^  scarlet  needles,  melting-point  155°-156° 
C. ; on  treatment  with  hot  alkalis  the  acetyl 
compound  is  hydrolysed  with  formation  of  the 
free  azo  compound. 

Cotoin-azo-o-toluene,  similarly  prepared  from 
diazotised  o-toluidine  and  cotoin,  orange-yellow 
needles,  melting-point  203°-204°C. 

Cotom-azo-p-toluene  consists  of  orange-yellow 
needles,  melting-point  207°-208°C. 

Hydro-cotoin,  which  occurs  together  with 
cotoin,  is  a dhnethyl  ether  of  trihydroxy -benzoyl- 
benzene,  C6H5‘CO'C6H2(OH)(OMe)2. 

A number  of  poly-hydroxy  benzophenone 
derivatives,  including  products  found  in  coto 
bark  and  related  to  cotoin,  have  been  prepared 
by  W.  H.  Perkin  and  Bobinson  (Proc.  Chem. 
Soc.,  1906,  305).  • A.  G.  P. 

COTTON  consists  of  the  long  hairs  which 
cover  the  seeds  of  various  species  of  Oossypium, 
a genus  of  the  nat.  ord.  Mahacem.  The  botanical 
classification  of  cotton  is  in  a confused  state, 
and  this  is  doubtless  mainly  due  to  the  cultiva- 
tion of  the  plant  for  extensive  periods,  the  large 
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interchange  of  seed  which  has  taken  place 
between  the  different  countries  of  production, 
and  the  consequent  gradual  modification  of  the 
distinctive  characters  of  the  original  species. 

American  cottons. — The  ordinary  Upland 
cotton  is  fairly  generally  considered  to  be  derived 
from  Oossypium  hirsutum  (Linn.).  Some  authori- 
ties, however,  are  of  opinion  that  it  is  derived 
from  O.  Iierbaceum  (Linn.),  whilst  others  regard 
these  two  species  as  identical.  Sea  Island  cotton 
has  usually  been  regarded  as  G.  harhadense,  but 
is  considered  by  Watt  (Wild  and  Cultivated 
Cotton  Plants  of  the  World)  to  be  a hybrid  form. 

Egyptian  cottons. — The  Egyptian  cottons 
probably  cannot  be  referred  to  any  particular 
species,  but  %re  mostly  hybrid  forms  of  O. 
harhadense  with  other  species.  Most  commonly, 
Egyptian  cottons  are  regarded  as  G.  harhadense, 
but  Watt  places  them  under  G.  peruvianum 
(Cav.),  which  some  authorities  consider  as 
identical  with  the  former. 

Indian  cottons. — With  reference  to  these 
varieties,  G.  A.  Gammie,  of  the  College  of 
Science,  Poona,  writes,  in  his  monograph  on 
The  Indian  Cottons  : ‘ It  is  clearly  evident 

that  we  have  at  the  most  only  one  true  species  of 
cotton  in  India,  Gossypium  ohtusifolium,  with  its 
two  sub-species,  G.  arhoreum  and  G.  Jierhaceum. 
All  other  forms  should  be  treated  as  derivatives 
of  these.’  Other  botanists,  however,  regard  the 
Indian  cottons  as  derived  from  various  distinct 
species,  including  G.  Tierhaceum,  G.  neglectum, 
G.  Wightianum,  and  G.  arhoreum. 

Brazilian  and  Peruvian  cottons. — Brazilian 
cotton  is  generally  considered  to  be  the  product 
of  G.  hrasiliense  (Macf.),  and  rough  Peruvian 
cotton  that  of  G.  peruvianum  (Cav.). 

The  cotton  plant  grows  as  a shrub  or  small 
tree.  It  is  of  perennial  habit,  but,  in  cultiva- 
tion, is  usually  treated  as  an  annual.  In 
certain  districts  of  Brazil  and  Peru,  however, 
arborescent  forms  are  grown,  which  are  allowed 
to  remain  in  the  ground  for  several  years.  When 
the  flower- bud  first  opens,  the  petals  are 
generally  white  or  pale  yellow,  but  they  gradu- 
ally become  darker  and  redder  until  the  third  or 
fourth  day,  and  then  fall  to  the  ground.  The 
young  fruit  remains  attached  to  the  flower-stalk 
and  enveloped  in  the  calyx ; it  gradually  in- 
creases in  size,  and  is  known  as  the  ‘ boll.’ 
When  the  boll  is  ripe,  it  dehisces  by  from  three 
to  five  valves,  exposing  the  cotton,  which,  now 
that  the  pressure  on  it  is  released,  rapidly  ex- 
pands and  forms  a large  fluffy  mass.  As  soon  as 
the  boll  has  opened  completely,  and  is  quite  dry, 
the  cotton  is  ready  to  be  gathered.  The  seeds, 
with  the  cotton  fibre  adhering  to  them,  form  the 
product  known  as  ‘ seed  cotton  ’ ; this  is 
collected  from  the  ripe  bolls,  and  the  cotton 
(or  ‘ lint  ’),  after  being  torn  from  the  seeds  by 
the  process  of  ‘ ginning,’  constitutes  the  raw 
cotton  of  commerce.  Seed  cotton  usually  con- 
sists of  about  one-third  of  its  weight  of  cotton 
fibre  and  two-thirds  of  seeds. 

The  cotton  fibre  is  composed  of  a single 
hollow  cell,  and,  while  unripe,  has  the  form  of 
a long  narrow  tube.  As  the  fibre  matures,  it 
becomes  more  or  less  flattened,  and  presents  the 
appearance  of  a narrow,  somewhat  opaque 
ribbon  or  band,  with  slightly  thickened,  rounded 
edges.  The  ripe  fibre  possesses  a peculiar 
characteristic  twist.  This  twist  appears  to  be 


an  acquired  character ; it  is  not  present  in  wild 
cotton,  and  is  increased  by  care  in  cultivation. 
The  number  of  twists  in  a given  length  is  very 
variable,  and,  as  a rule,  is,  roughly  speaking, 
inversely  proportional  to  the  diameter  of  the 
fibre,  the  twist  being  most  numerous  in  the 
finest  variety  (Sea  Island).  Unripe  cotton 
consists  of  thin,  transparent  fibres  with  little 
or  no  twist.  Such  fibres  are  known  technically 
as  ‘ dead  cotton,’  and,  being  very  weak  and 
brittle,  they  break  up  in  the  process  of  manu- 
facture, thus  increasing  the  amount  of  waste, 
and  also  tending  to  weaken  the  yarn  or  fabric 
into  the  composition  of  which  they  enter ; they 
also  possess  the  defect  of  not  being  able  to  take 
dyes  satisfactorily. 

According  to  the  length  of  the  individual 
fibres,  cottons  are  classed  in  commerce  as  long-, 
medium-,  or  short-stapled.  The  long-stapled 
cottons  are  IJ  inches  or  more  in  length,  the 
medium-stapled  are  about  1 inch  long,  and  the 
short-stapled  are  less  than  1 inch.  The  principal 
long-stapled  varieties  are  Sea  Island  cotton, 
Egyptian  varieties,  and  the  improved  American 
Upland  forms,  which  have  been  evolved  from 
the  ordinary  Upland  kinds  by  continuous 
selection  and  careful  cultivation.  The  Brazilian 
and  Peruvian  cottons  vary  from  about  1 to  1| 
inches,  and  are,  therefore,  either  medium-  or 
long-stapled.  The  chief  medium-stapled  cottons 
are  the  ordinary  American  Upland  kinds,  and 
the  short-stapled  class  is  represented  by  the 
Indian  varieties. 

Sea  Island  cotton  is  grown  in  South  Carolina, 
Georgia,  Florida,  and  the  West  Indies.  The 
fibre  is  very  long,  fine,  silky,  and  of  a lustrous 
creamy  tint,  and  this  cotton  is  therefore  the 
most  valuable  variety.  It  is  used  in  commerce 
for  spinning  the  finest  and  best  yams.  Con^ 
siderable  care  is  required  in  the  cultivation  of 
this  cotton,  and  the  yield  per  acre  is  usually 
lower  than  that  of  other  kinds. 

American  Upland  cottons  are  produced  in 
enormous  quantities  in  the  United  States,  and 
are  the  principal  kinds  used  in  the  Lancashire 
spinning  industry.  They  are  of  longer  staple 
and  better  quality  than  the  Indian  varieties, 
and  are  employed  for  the  manufacture  of  yarns 
of  medium  quality. 

Egyptian  cottons  exist  in  several  varieties, 
most  of  which  yield  a fibre  of  a brownish  tint. 
These  cottons  are  long,  strong,  and  fine,  and 
more  lustrous  than  American  Upland,  but 
inferior  to  Sea  Island  cotton.  Egyptian  cotton 
is  preferable  to  American  Upland  for  the  manu- 
facture of  goods  requiring  a soft,  smooth  finish 
and  high  lustre. 

The  Indian  cottons  are  mostly  short  and 
coarse,  and  are  consequently  less  valuable  than 
American  Upland  kinds.  The  chief  markets  for 
these  varieties  are  Japan  and  Germany,  com- 
paratively little  being  imported  into  the  United 
Kingdom. 

Brazilian  cotton  is  harsh  and  wiry,  of 
medium  strength  and  of  good  length.  One  of 
the  varieties  grown  in  North  Brazil  is  a tree 
cotton,  which  lives  for  8 years  or  more.  The 
ordinary  annual  cottons  are  more  largely 
cultivated  and  are  more  productive  than  the 
arborescent  form,  but  the  fibre  of  the  latter  has 
the  longer  staple. 

Peruvian  cotton  is  chiefly  of  two  kinds. 
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known  respectively  as  ‘ rough  ' and  ‘ smooth.’ 
The  former  is  the  product  of  a cotton  tree  which 
is  allowed  to  remain  in  the  ground  for  from 
4 to  6 years  ; the  fibre  is  well  known  for  its 
peculiarly  harsh  and  crinkly  character,  which 
renders  it  especially  useful  to  spinners  for 
mixing  with  wool.  ‘ Smooth  ’ Peruvian  is  very 
similar  to  American  Upland  cotton,  and  is  used 
for  the  same  purposes. 

The  following  table  gives  the  approximate 
length  and  average  diameter  of  the  fibres  of 
the  principal  commercial  varieties.  The  dia- 
meters of  the  fibres  of  any  one  variety  show 
great  variation  among  themselves,  but  the 
figures  given  under  this  head  are  the  average  of 
a large  number  of  determinations  by  various 
observers,  and  can,  at  least,  be  regarded  as 
relatively  accurate  : — 


Variety 

Usual  length 

Average 

diameter 

inches 

inch 

Sea  Island 

1-6-2 -2 

0-00064 

American  Upland 

0-8-1-1 

0-00077 

Egyptian  . 

1-3-1 -6 

0-00068 

Indian 

0-6-1 -0 

0-00084 

Brazilian  . 

1-1-1-4 

0-00080 

Peruvian  (rough) 

1-2-1 -5 

0-00078 

„ (smooth)  , 

0-9-1-1 

0-00077 

Cotton  consists  of  about  83 •?  p.c.  of  cellulose 
{q.v.),  together  with  7 p.c.  of  water,  0'6  p.c. 
of  wax  and  oil,  P5  p.c.  of  protein,  and  about 
1'65  p.c.  of  mineral  matter  (ash)  (Bull.  33, 
U.S.  Dept.  Agric.).  The  actual  composition  of 
cotton  varies  with  its  origin. 

The  wax  is  present  as  a thin  layer  on  the 
surface  of  the  fibre,  and  renders  it  incapable  of 
absorbing  water  readily.  This  substance,  to 
which  Schunck  (Manchester,  Mem.  Lit.  Phil. 
Soc.  [iii.]  4,  95)  has  given  the  name  ‘ cotton  wax,’ 
resembles  other  vegetable  waxes,  such  as  cerosin 
prepared  from  the  leaves  of  the  sugar-cane,  and 
the  waxes  from  the  leaves  of  the  carnauba  palm 
[Copernicia  cerifera  (Mart,)],  and  the  raphia  palm 
[Raphia  pedunculata  (Beauv.).  It  is  insoluble  in 
water,  but  soluble  in  alcohol  or  ether ; it  melts 
at  86°,  and  solidifies  again  at  80°-82°.  Pure 
cotton  wax  is  insoluble  in  solutions  of  caustic 
alkali ; it  contains  C 80 ’4,  H 14 '5,  0 5 1.  Asso- 
ciated with  this  wax  is  a fatty  acid,  which  was 
regarded  by  iSchunck  as  margaric  acid,  but  is 
more  probably  a mixture  of  stearic  and  palmitic 
acids ; it  melts  at  55 ’5°,  and  resolidifies  at 
50-5°. 

The  oil  in  the  cotton  fibre  appears  to  be 
identical  with  that  contained  in  the  seed.  In 
the  preparation  of  the  so-called  absorbent  cotton 
wool,  the  wax  and  oil  are  removed  by  boiling 
the  fibre  with  dilute  caustic  alkali  under  pressure; 
the  material  is  subsequently  washed,  treated 
with  bleaching  powder  and  hydrochloric  acid, 
again  washed,  and  dried. 

The  nitrogenous  constituents  of  cotton  con- 
sist of  the  remains  of  the  cell  protoplasm  and 
allied  substances. 

The  mineral  substances  contained  in  the 
fibre  are  chiefly  phosphates,  chlorides,  and 
sulphates  of  potassium,  sodium,  magnesium,  and 
calcium,  together  with  small  quantities  of  iron 
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and  traces  of  aluminium.  If  the  amount  of 
ash  is  much  more  than  2-3  p.c.,  the  excess  is 
probably  due  to  the  presence  of  sand  and  other 
mechanical  impurities. 

When  cotton  is  immersed  in  a strong  solution 
of  caustic  soda,  it  undergoes  certain  remarkable 
changes,  the  chief  of  which  is  the  production  of 
a silky  lustre.  This  phenomenon  was  discovered 
by  John  Mercer  in  1844,  and  has  led  to  results 
of  great  commercial  importance.  The  process 
is  now  carried  out  on  an  extensive  scale  under  the 
name  of  ‘ mercerisation  ’ (q.v.),  and  is  sometimes 
applied  to  the  yarn  and  sometimes  to  the  woven 
fabrie.  The  material  is  either  kept  in  a state 
of  tension  during  the  operation,  or  is  allowed  to 
shrink  in  the  alkaline  liquid,  and  afterwards 
stretched  to  its  original  length  before  being 
washed  The  process  not  only  produces  an 
exceedingly  high  lustre  on  the  cotton,  but  also 
increases  its  power  of  absorbing  dyes.  The 
structure  of  the  cotton  fibre  undergoes  altera- 
tion ; the  flattened,  twisted  tube,  characteristic 
of  ordinary  cotton,  swells  out,  and  is  thus  con- 
verted into  a hollow,  cylindrical  form.  This 
change  is  accompanied  by  a decrease  in  length 
and  also  by  an  increase  in  tensile  strength, 
mercerised  cotton  being  in  some  cases  as  much 
as  50  p.c.  stronger  than  ordinary  cotton. 
Egyptian  cotton  generally  mercerises  better  than 
ordinary  American  cotton. 

When  cotton  is  treated  with  a mixture  of 
nitric  and  sulphuric  acids,  it  is  converted  into 
nitro- cellulose  or  gun-cotton  {v.  Explosives). 
On  dissolving  gun-cotton  in  ether,  or  a mixture 
of  ether  and  alcohol,  the  product  known  as 
collodion  is  obtained  {v.  Photography).  Nitro- 
cellulose also  enters  into  the  composition  of 
celluloid  (q.v.). 

Among  the  more  important  works  on  this 
subject  may  be  mentioned  The  Cotton  Plant, 
Bull,  No.  33,  Office  of  Expt.  Stat.  U.S.  Dept, 
of  Agric.  ; Bowman’s  Structure  of  the  Cotton 
Fibre  ; and  Oppel’s  Die  Baumwolle.  E.  G. 
COTTON  BROWNS,  SCARLETS,  YELLOWS, 

V.  AZO-  COLOURING  MATTERS  ; PrIMULINE, 

COTTON  FLOWERS.  Among  the  various 
portions  of  the  cotton  plant  which  have  been 
industrially  employed  must  be  included  the 
flowers  which  constitute  one  of  the  numerous 
Indian  dyestuffs.  According  to  Watt  (Dic- 
tionary of  the  Economic  Products  of  India) 
they  are  thus  used  in  the  Manipur  district. 
Gossypetin  was  first  isolated  in  small  quantitv 
from  the  flowers  of  the  ordinary  Indian  cotton 
plant,  0.  herbaceum  (Perkin,  Chem.  Soc.  Trans. 
1899,  75,  826),  and  has  been  more  completely 
studied  at  a later  period  {ibid.  1913,  103,  650). 
For  its  preparation  a concentrated  alcoholic 
extract  of  the  flowers  is  treated  with  hot  water 
and  the  mixture  digested  when  boiling  with 
addition  of  hydrochloric  acid  for  three  liouis. 
After  removal  of  tar  by  filtration  the  hot  liquid 
on  cooling  deposits  a brownish-yellow  powder, 
which  contains  a mixture  of  quercetin  and  gossy- 
petin. These  colouring  matters  are  separated 
by  a fractional  crystallisation  of  their  mixed 
acetyl  derivatives  from  acetic  anhydride,  acetyl- 
gossypetin  being  in  these  circumstances  the  least 
soluble.  The  acetyl  compound  is  finally  hydro- 
lysed by  sulphuric  acid  in  the  presence  of  acetic 
acid  in  the  ordinary  manner. 

Gossypetin  CigHioOg  forms  yellow  needles, 
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melting-point  311°-313°,  closely  resembles 
quercetin  in  appearance,  and  is  readily  soluble 
in  alcohol,  but  only  very  sparingly  soluble  in 
water.  Concentrated  alkaline  solutions  dissolve 
it,  forming  orange-red  liquids  which  on  agitation 
and  dilution  with  water,  become  green,  then  blue, 
and  finally  assume  a dull  brown  tint.  Alcoholic 
lead  acetate  gives  a deep  red  precipitate  in  the 
cold,  passing  into  dull  brown  at  the  boiling-point, 
and  with  alcoholic  ferric  chloride  a dull  olive- 
green  liquid  is  obtained, 

Gossypetin  like  quercetin  forms  compounds 
with  mineral  acids  which  crystallise  in  orange- 
red  needles,  and  with  alcoholic  potassium  acetate 
the  mono'potassium  derivative  CigHgOgK  is 
produced.  The  hexa-acetyl  derivative 

forms  colourless  needles,  melting  at  228°“230°. 
By  fusion  with  alkali  or  by  dissolving  the 
colouring  matter  in  cold  50  p.c.  aqueous  potassium 
hydroxide  and  allowing  the  solution  to  remain 
exposed  to  air  for  twenty-four  hours,  with 
shaking,  protocatechuic  acid  is  obtained,  A 
phenolic  substance  also  produced  by  these 
methods  of  hydrolysis  has  not  yet  been  identified. 

When  methylated  with  excess  of  methylic 
iodide  and  methyl  alcoholic  potash  gossypetin 
hexametliyl  eiher  Ci5H402(0Me)e,  colourless 
needles,  melting-point  170°-172°,  is  produced, 
and  this  by  hydrolysis  with  alcoholic  potash 
gives  prctocatechuic  acid  dimethyl  ether  and 
gossypitot  tetrainetliyl  ether  CiaH^gOg,  needles, 
melting-point  115°-116°.  By  ethylation  in  a 
similar  manner,  gossypetin  hexaethyl  ether 
Ci5B[402(0Et)g,  melting-point  144°-146°,  can 
be  prepared,  and  with  alcoholic  potash  yields 
diethylprotocatechuic  acid  and  gossypitol  tetra- 
ethyl ether  C4gH240g,  melting-point  110°-111°. 
The  latter  forms  an  oxime  CigHgsOgN,  melting, 
point  127°-129°,  and  when  oxidised  with 
permanganate  gives  gossypetonic  acid,  yellow 
needles,  melting-point  154°-155°.  The  consti- 
tutions assigned  both  to  this  latter  (1)  and  to 
gossypitol  tetraethyl  ether  (2)  are  given  below  : — 

(1)  H0-C6H(0Et)3C0-C02H 

(2)  HO-CgH(OEt)3CO-CH2-OEt 

and  from  these  that  of  gossypetin  naturally 
follows  : — 


C6lJfOH)3 

\qq/C-OB. 

When  an  alkaline  solution  of  gossypetin  is 
exposed  to  air  the  blue  liquid  on  acidification 
yields  a reddish-brown  precipitate  which  on 
gentle  warming  becomes  crystalline.  Again,  if 
benzoquinone  is  added  to  a solution  of  gossy- 
petin in  cold  absolute  alcohol  a similar  reaction 
takes  place.  On  keeping  for  a few  minutes 
crystals  commence  to  separate,  and  by  then 
heating  to  50°  a semi-solid  mass  is  obtained. 

Gossypitone  CigHgOg,  the  name  assigned  to 
this  substance,  consists  of  microscopic  needles 
of  a dull  red  colour,  which  are  difficultly  soluble 
in  the  usual  solvents.  It  dissolves  in  dilute 
alkalis  with  a pure  blue  colouration  and  its  solu- 
tion in  concentrated  sulphuric  acid  is  dull  brown. 
Sodium  hydrogen  sulphite  solution  reconverts 
it  into  gossypetin.  Gossypitone  possesses  strong 


dyeing  properties,  and  gives  the  following  shades 
on  mordanted  woollen  cloth  : — 


Chromium.  Aluminium.  Tin. 

Dull  brown.  Orange-brown.  Orange-red. 

Iron. 

Deep  olive. 

These,  it  is  interesting  to  note,  are  identical 
with  those  given  in  these  circumstances  by 
gossypetin  itself,  and  it  is  accordingly  evident 
that  during  the  dyeing  operation  oxidation  of 
the  latter  to  gossypitone  takes  place.  Until  a 
definite  knowledge  of  the  tetrahydroxy benzene 
nucleus  in  gossypetin  has  been  obtained  the 
position  of  the  hydroxyl  groups  in  this  portion 
of  the  molecule  can  only  be  conjectured.  Ex- 
isting as  it  does  side  by  side  with  quercetin  it 
seems  natural  to  consider  that  gossypetin  is  a 
hydroxyquercetin.  Again,  should  gossypitone 
be  a p-quinone,  the  constitution  of  gossypetin 
will  be  the  same  as  that  which  Neirenstein  and 
Wheldale  have  suggested  (Ber.  1911,  48,  3487) 
for  the  flavonol  (1)  which  they  obtained  from 
quercetone,  an  oxidation  product  of  quercetin, 
but  the  descriptions  of  the  two  eompounds 
are  not  in  agreement.^  On  the  assumption 
of  the  necessity  for  a quinol  nucleus  in  gossy- 
petin a second  constitution  (2)  is  however 
possible  : — 


Again,  a third  expression  (3),  representing 
gossypetin  as  an  hydroxyquercetin,  is  available, 
though  in  this  case  gossypitone  must  be  re- 
garded as  an  ortho-  rather  than  a para-quinone  : 


(3) 


HO 

HO 


/ 


/C-OH 


The  glucosides  present  in  cotton  flowers  have 
been  examined  by  Perkin  (Chem,  Soc.  Trans, 
1909,  95,  2181),  who  in  the  first  place  employed 
the  Egyptian  variety.  The  Egyptian  cottons 
appear,  according  to  the  researches  of  Messrs. 
Fletcher  and  Balls,  to  be  derived  from  natural 
crosses  of  brown  Peruvian  cottons  with  the  Sea 
Island  variety. 

A concentrated  alcoholic  extract  of  the  flowers 
deposits  on  cooling  a semi-crystalline  powder, 
and  this  consists  mainly  of  the  potassium  salts 
of  two  glucosides,  quercimeritrin  and  gossypitrin, 
whereas  a third  glucoside  iso-quercitrin  is  present 
in  the  filtrate.  A rough  separation  of  the  latter 
from  this  mixture  may  also  be  effected  by  means 
of  aqueous  lead  acetate,  for  in  these  circum- 
stances the  precipitation  of  isoquercetin  does 

* This  compound,  more  recently  synthesised  by 
Neirenstein  (Chem.  Soc.  Trans.  1915,^  107,  872),  is 
described  as  melting  at  364°-355°,  and  its  hexamethyl 
ether  at  146°-147°. 
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not  occur,  at  least  to  any  extent.  The  isolation 
of  quercimeritrin  and  especially  of  gossypitrin 
in  a pure  condition  from  these  flowers  is  however 
of  too  tedious  a character  to  be  described  here, 
and  for  details  of  the  processes  involved  the 
original  paj)er  must  be  consulted. 

Quercimeritrin  CgiHgoOig?  SHgO,  melting- 
point  247°-249°,  consists  of  small,  glistening, 
bright  yellow  plates,  insoluble  in  cold  and  fairly 
readily  soluble  in  boiling  water.  Its  alkaline 
solutions  possess  a deep  yellow  tint ; with 
aqueous  lead  acetate  it  gives  a bright  red 
precijjitate,  and  with  ferric  chloride  an  olive - 
green  colouration.  Octa-acetylquercimeriirin, 
needles,  C2iHj20io(C2H30)8,  melting-point  214°- 
216°,  is  sparingly  soluble  in  alcohol,  whereas 
mono'potassium  quercimeritrin,  a yellow  powder, 
can  be  obtained  by  means  of  alcoholic  potassium 
acetate.  By  hydrolysis  with  dilute  sulphuric 
acid  quercimeritrin  yields  quercetin  and  glucose 
according  to  the  following  equation  :—7- 

C^21^2oOi2  + H20=Cj5Hjo07d-CeHi206 
and  is  thus  analogous  to  quercitrin  which  in  this 
manner  is  converted  into  quercetin  and  rham- 
nose. 

On  wool  mordanted  with  aluminium,  tin, 
chromium,  and  iron,  quercimeritrin  gives  the 
following  shades  : — 

Aluminium.  Tin.  Chromium 

Orange-yellow.  Bright  orange.  Reddish-brown. 

Iron. 

Olive- brown. 


And  these  results  are  interesting,  because  with 
the  exception  of  the  iron  mordanted  pattern, 
which  is  of  a rather  browner  character,  the 
colours  thus  produced  closely  resemble  those 
which  are  given  by  quercetin  itself  when  dyed 
in  a similar  manner.  They  are  widely  different 
from  those  given  by  rutin  and  quercitrin,  and 
mainly  as  a result  of  this  property  there  can  be 
little  doubt  that  quercimeritrin  is  to  be  repre- 
sented by  one  of  the  two  following  formulae : — 


C,H,(0H)4-0, 


/\/°\c 


OH 


\ 

OH 


.OH 


^CO 


^C-OH 


HO 


n- 


0 


CeH7(OH),V  'CO 


c 

II 

/C-OH 


Quercimeritrin  is  also  present  in  the  flowers 
of  the  Prunus  emarginata  ? (Finnemore,  Pharm. 
J.  1910,  (iv.),  31.  604). 

Gossypitrin  C21H20OJ3,  only  isolated  with 
considerable  difficulty,  is  more  readily  prepared 
from  the  G.  neglectum  (see  below).  When  cry- 
stallised from  dilute  acetic  acid  it  contains 
2H2O  of  crystallisation,  and  is  readily  dissolved 
by  hot  water,  but  on  boiling  this  solution  yellow 
needles  of  the  anhydrous  substance,  melting- 
point  240°-242°,  separate.  When  anhydrous  it 
does  not  absorb  water  of  crystallisation  from 
moist  air,  but  on  boiling  with  acetone  the  hair- 
like needles  are  broken  up  into  much  finer 
needles,  which  when  dried  at  100°  possess  1 
molecule  of  water  of  crystallisation.  Such  a 
preparation  melts  at  200°-202°,  and  when  dried 


at  160°  on  standing  in  air  now  absorbs  water. 
Preparations  possessing  this  lower  melting-point 
can  be  obtained  in  other  ways,  and  it  is  accord- 
ingly evident  that  gossypitrin  exists  in  two 
interchangeable  modifications. 

Gossypitrin  dissolves  in  alkalis  with  a pale 
yellow  colouration,  and  gives  with  lead  acetate 
a deep  red  precipitate.  It  is  almost  insoluble 
in  boiling  acetone,  a property  which  readily 
distinguishes  it  from  quercimeritrin,  which  is 
fairly  soluble  in  the  latter  solvent. 

Acetyl  gossypitrin  C2iHii0i3(C2H30)9,  colour- 
less needles,  melting-point  226°-228°,  is  almost 
insoluble  in  alcohol. 

When  hydrolysed  with  dilute  sulphuric  acid 
gossypitrin  yields  gpssypetin  and  dextrose 
according  to  the  equation — 

C2lH2oOi3  + H20  = C,5Hio08+CeHi206 

The  shades  given  by  this  glucoside  on  mor- 
danted wool  are  as  follows  ; — 

Chromium.  Aluminium.  Tin.  Iron. 

Reddish-  Dull  Bright  Dark 

brown.  yellow.  orange,  olive- brown. 

Gossypitrin  reacts,  like  gossypetin  itself,  with 
benzoquinone,  and  yields  in  this  way  a quinone 
to  which  the  name  Gossypitrone  C21H18O13,  has 
been  assigned.  This  consists  of  maroon-coloured 
needles,  which  possess  no  definite  melting-point, 
although  fusion  of  the  product  occurs  about 
255°-259°.  By  the  action  of  warm  dilute 
sulphurous  acid  solution  it  is  reconverted  into 
gossypitrin,  and  the  same  change  appears,  to 
occur  in  the  dyeing  process,  for  the  shades 
produced  are  identical  with  those  yielded  by  this 
latter  glucoside.  It  is  considered  probable  that 
the  sugar  group  of  gossypitrin  is  attached  to  its 
tetrahydroxybenzene  nucleus,  though  until  the 
exact  nature  of  this  has  been  decided,  its  position 
is  necessarily  uncertain. 

Isoquercitrin  C21H20OJ25  2H2O,  crystallises 
from  dilute  alcohol  in  pale  yellow  needles, 
melting  at  217°-219°.  It  is  sparingly  soluble 
in  water,  and  dissolves  in  alkaline  solutions  with 
a deep  yellow  tint,  but  its  most  interesting 
property  is  the  fact  that  with  aqueous  lead 
acetate  solution  it  gives  a bright  yellow  pre- 
cipitate entirely  distinct  from  the  deep  red 
deposit  which  is  produced  in  this  manner  from 
the  isomeric  quercimeritrin. 

Again,  though  more  readily  susceptible  to 
hydrolysis  than  the  latter  glucoside,  it  yields 
identical  products  : — 

C2iH2oOi2fi~Il20  = Cj5HjQ07-l-CgHi208 

Dyeing  experiments  with  isoquercitrin  give 
shades  entirely  distinct  from  those  given  by 
quercimeritrin,  and  these,  although  slightly 
paler,  resemble  those  yielded  by  quercitrin. 

Chromium.  Aluminium.  Tin.  Iron. 

Brownish-  Golden-  Lemon-  Brownish- 

yellow.  yellow.  yellow.  olive. 

The  properties  of  this  substance  indicate 
that  its  sugar  group  is  not  attached  as  in 
quercimeritrin  to  the  phloroglucinol  nucleus  of 
quercetin.  Indeed,  it  is  probably  constituted 
similarly  to  quercitrin,  which,  however,  contains 
a rhamnose  in  the  place  of  the  glucose 
residue.  Three  formulae  are  possible  for  iso- 
quercitrin, which  may  be  briefly  expressed  by 
the  statement  that  the  position  of  the  sugar 
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residue  in  respect  to  the  quercetin  group  is  at 
one  or  other  of  the  points  in  the  following  which 
are  marked  with  an  asterisk  : — 

HO/\^  / \0H* 

I I 11  \ / 

\/\p^/C'OH*  OH* 

OH  00 

The  aqueous  extract  of  the  Egyptian  cotton 
flowers  employed  in  this  investigation  gave  by 
hydrolysis  with  acid  1‘86  p.c.  of  crude  colouring 
matter,  and  in  this  approximately  10  p.c,  of 
gossypetin  was  present.  Dyeing  experiments 
with  the  flowers  in  the  usual  way  gave  the  follow- 
ing shades  : — 

Chromium.  Aluminium.  Tin.  Iron. 

Reddish-  Green-  Orange-  Olive- 

brown.  yellow.  brown.  brown. 

and  these  though  duller  were  somewhat  similar 
in  character  to  those  given  by  quercimeritrin. 
In  comparison  with  the  shades  similarly  pro- 
duced from  other  natural  dyes,  they  most  nearly 
resemble  those  of  the  so-called  ‘ Patent  Bark,’ 
a preparation  of  quercitron  bark  in  which 
quercetin  and  no  quercitrin  is  present. 

Among  the  types  of  cotton  flowers  there  are 
{a)  red,  (6)  pink,  (c)  yellow,  and  {d)  white 
flowered  plants.  In  the  offspring  of  a cross 
between  {a)  and  (c)  there  occurs  in  the  second 
and  subsequent  generations  red  and  yellow 
plants  which  breed  pure,  whereas  in  the  off- 
spring of  a cross  between  {a)  and  {d)  all  four 
forms  occur  which  breed  pure.  As  a supple- 
mentary investigation  to  that  of  the  Egyptian 
flowers  the  petals  derived  from  such  pure  plants 
occurring  among  the  offspring  of  one  or  other 
of  these  crosses  have  been  examined  (Perkin 
Chem.  Soc.  Trans.  1916,  109,  145)  (cp.  Leake, 
Proc.  Roy.  Soc.  1911,  (B),  83,  147). 

The  types  were  as  follows  : red  flowered,  0. 
arbor eum  (Linn.) ; pink,  O.  sanguineum  (Harsk) ; 
yellow  and  white,  two  varieties  of  0.  neglectum 
(Tod),  usually  now  treated  as  one  species  but 
originally  described  as  G.  neglectum  and  G. 
romrum.  As  a result  it  has  been  found  that 
the  red  flowers  of  G.  arbor  eum  contain  isoquer- 
citrin,  quercimeritrin  and  gossypitrin  in  this 
case  being  absent,  whereas  in  the  yellow  flowers 
of  G.  neglectum,  gossypitrin  and  isoquercitrin 
were  present,  and  quercimeritrin  appeared  to 
be  absent.  On  the  other  hand,  the  white  flowers 
of  G.  neglectum  and  the  pink  flowers  of  G.  sangui- 
neum gave  but  traces  of  colouring  matter  too 
small  for  complete  identification,  though  the 
respective  products  obtained  resembled  in  their 
properties  apigenin  and  quercetin.  An  examina- 
tion of  the  ordinary  Indian  cotton  flower,  G. 
herbaceum,  available  only  in  small  amount,  gave 
the  same  results  as  the  G.  neglectum. 

Gossypetin  is  also  present  in  the  flowers  of 
the  Hibiscus  sabdarijfa  or  ‘ red  sorrel  ’ of  the 
West  Indies,  a small  shrub  which  is  widely 
cultivated  throughout  the  hotter  parts  of  India 
and  Ceylon  (Perkin,  Chem.  Soc.  Trans.  1909, 
95,  1855).  The  stems  yield  the  ‘ Rozelle  hemp  ’ 
of  commerce,  and  this  is  obtained  by  retting  the 
twigs  as  soon  as  the  plant  is  in  flower.  The 
ellow  flowers  are  just  capable  of  dyeing  yellow, 
ut  are  not  used  at  all  in  India  for  this  purpose  ; 
on  the  other  hand,  the  red  calyces  are  employed 


for  dyeing  in  an  obscure  degree  in  two  remote 
parts  of  the  country  (Burkill,  Agricultural  Ledger, 
Calcutta,  1908,  No.  2,  13).  A.  G.  P 

COTTON  SEED  OIL  is  obtained  on  a large 
scale  from  the  seeds  of  the  several  species  of  the 
cotton  tree,  Gossypium.  In  the  United  States, 
Gossypium  hirsutum  (Linn.),  ‘ Upland  cotton,’ 
covered  with  ‘ linters,’  is  extensively  cultivated, 
whereas  the  plant  grown  in  the  Sea  Islands  and 
in  Egypt  is  G.  barbadense  (Linn.).  The  Indian 
variety  of  cotton  seed  is  generally  assumed  to 
be  G.  herbaceum  and  G.  arboreum,  whilst  the 
South  American  cotton  plants  are  frequently 
classified  as  a separate  species,  G.  acuminatum 
or  peruvianum.  Formerly  the  seed  not  required 
for  planting  was  mostly  wasted,  as  the  oil  con- 
tained therein  could  not  be  refined.  Cotton  seed 
oil  was  first  expressed  in  this  country  in  the  year 
1847.  Since  then  the  industry  has  assumed  such 
enormous  dimensions  that  the  annual  import 
of  cotton  seed  to  this  country  from  Egypt,  the 
East  Indies,  and  South  America  amounts  to 
more  than  600,000  tons  ; in  addition  very  con 
siderable  quantities  of  cotton  seed  oil  are  im- 
ported from  the  United  States,  which  produce 
almost  200,000,000  gallons  of  oil  per  annum,  of 
which  approximately  50,000,000  gallons  are  ex- 
ported to  Europe. 

The  seed  contains,  on  the  average  : — 


Per  cent. 


Oil  . 

• 

. 20  0 

Water 

• 

8-5 

Proteins  . 

• 

. 20-0 

Carbohydrates  . 

• 

. 320 

Crude  fibre 

. 150 

Ash 

• 

. 4-5 

The  proportion  of  oil  in  the  seed  varies  con- 
siderably with  the  origin  of  the  seed.  Thus 
Egjrptian  seed  contains  up  to  24  p.c.  of  oil ; 
East  Indian  seed  on  the  average  only  18  p.c.  ; 
American  ‘ Uplands  ’ and  Jamaica  seed  23-24 
p.c.  ; and  Brazilian  and  Peruvian  no  more  than 
20-21  p.c.  of  oil.  The  seeds  consist  on  an  average 
pf  60  p.c.  of  kernel  and  40  p.c.  of  husk. 

A distinction  must  be  made  between  seed 
which  must  be  decorticated  before  crushing, 
owing  to  the  fine  ‘ linter,’  which  cannot  be 
removed  readilv,  and  seed  which  is  crushed  in 
the  undecorticated  state.  Undecorticated  seeds 
are  chiefly  crushed  in  England,  France,  and 
Germany,  from  Egyptian,  Bombay,  and  also 
Smyrna  seeds,  whereas  the  vast  majority  of  the 
American  ‘ Upland  seed  ’ must  be  decorticated 
before  being  crushed.  In  some  European 
establishments  Bombay  seed  is  decorticated 
before  crushing. 

The  kernels  (‘  meats  ’)  are  permeated  with 
cells  containing  a deep-brown  colouring  matter ; 
hence  the  crude  cotton  seed  oil  running  from 
the  hydraulic  presses  has  a ruby-red  to  almost 
black  colour.  The  depth  of  the  colour  of  crude 
cotton  oil  depends,  in  the  first  instance,  on  the 
state  of  freshness  of  the  seed.  The  American 
seed,  which  is,  as  a rule,  crushed  shortly  after 
having  been  harvested,  yields  a crude  oil  of  a 
much  paler  colour  than  that  of  crude  oil  obtained 
in  England,  France,  and  Germany  from  Egyptian 
seed.  The  palest  Egyptian  crude  oil  is  obtained 
from  fresh  seed  arriving  in  October.  When  the 
seed  is  stored  it  undergoes  deterioration  ( ‘ heat- 
ing,’ which  may  also  occur  during  the  voyage)  j 
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hence  the  crude  oil  obtained  from  Egyptian 
seed  in  July  and  August  has  a very  dark  colour. 

In  the  American  trade  three  grades  of  crude 
cotton  seed  oil  are  recognised,  viz.  ‘ prime,’ 
‘ choice,’  and  ' off  ’ qualities.  The  crude  oil  is 
refined  by  treatment  with  a dilute  caustic  soda 
solution,  at  a temperature  not  exceeding  120°  F., 
whereby  the  free  fatty  acids  are  neutralised ; 
the  soap  so  formed  falls  to  the  bottom  and 
carries  with  it  the  brown  colouring  matter,  so 
that  the  supernatant  oil  is  of  a bright-yellow 
colour.  The  oil  is  then  washed  free  from  soap, 
or,  in  the  case  of  a technical  oil,  is  treated 
with  bleaching  powder,  to  yield  the  bright- 
yellow  oil  of  commerce.  The  first  qualities  of 
cotton  seed  oil  which  are  not  bleached  with 
chemicals  are  used  as  edible  oils,  and  are  con- 
sumed in  enormous  quantities  either  as  such,  as 
a cooking  oil,  for  tinning  sardines,  table  oil,  &c., 
or  in  the  manufacture  of  lard  substitutes,  under 
such  names  as  salad  oil,  sweet  nut  oil,  butter  oil. 
The  last-named  product  is  chiefly  used  in  the 
manufacture  of  margarine  and  compound  lard. 

Official  methods  for  analysing  cotton  seed 
oil,  and  tests  for  determining  its  behaviour  when 
refined  or  bleached,  have  been  published  by  the 
Interstate  Cotton  Crushers’  Association,  U.S.A. 
(Oil,  Paint  and  Drug  Rep.,  1913,  June  30 ; 1914, 
33). 

Cotton  seed  oil  is,  at  the  ordinary  tempera- 
ture, a pale-yellow  oil  of  characteristic,  but  not 
unpleasant,  taste.  At  about  12°  ‘ stearine  ’ 
deposits.  This  ‘ stearine  ’ would  interfere  with 
the  use  of  cotton  seed  oil  as  a table  oil  or  salad 
oil ; therefore  the  ‘ stearine  ’ is  removed  on  a 
large  scale  by  cooling  the  oil  to  a low  tempera- 
ture, and  filtering  off  the  deposit.  The  filtered 
oil  is  known  in  commerce  as  ‘ winter  oil  ’ (‘  de- 
margarinated  cotton  seed  oil  ’).  According  to 
the  requirements  of  the  market,  it  will  not 
‘ cloud  ’ at  40°  F.  or  32°  F.,  or  even  at  28°  F.  The 
sp.gr.  of  cotton  seed  oil  is  0‘923-0‘925  at  60°  F. 
The  saponification  value  varies  from  190  to  193, 
and  its  iodine  value  from  105  to  115. 

The  solid  fatty  acids  in  cotton  seed  oil  consist 
chiefly  of  palmitic  acid ; small  quantities  of 
arachidic  acid  seem  to  be  present,  but  stearic 
acid  appears  to  be  absent.  The  liquid  fatty 
acids  would  seem  to  consist  of  oleic  and  linolic 
acids  only. 

Cotton  seed  oil  eminently  typifies  a semi- 
drying  oil.  In  the  Livache  test  (see  Oils  and 
Fats)  it  absorbs  5‘9  p.c.  of  oxygen  in  24  hours. 
By  blowing  air  through  cotton  seed  oil  at  a 
temperature  of  about  90°-100°,  oxygen  is 
absorbed,  with  the  formation  of  a small  amount 
of  oxidised  acids,  the  acetyl  value  of  the  oil 
rising  at  the  same  time  considerably.  This 
reaction  is  used  on  a large  scale  in  the  prepara- 
tion of  ‘ Blown  Cotton  Seed  Oil  ’ (see  Oils  and 
Fats),  which  is  used  in  considerable  quantities 
as  a lubricating  oil  in  admixture  with  mineral 
oils,  to  produce  the  ‘ Marine  Lubricating  Oils  ’ 
of  commerce. 

Cotton  seed  oil  hardened  by  hydrogenation 
is  used  as  a solid  fat  in  the  manufacture  of 
margarine.  A typical  commercial  hardened 
oil  melts  at  about  38°,  and  has  a saponification 
value  of  about  196  and  iodine  value  of  about  70. 

A reliable  test  for  the  identification  of  cotton 
seed  oil,  and  for  the  detection  of  it  in  other  oils 
and  fats,  down  to  even  1 p.c.  (under  favour- 


able circumstances),  is  the  Haljphen  colour  test, 
which  is  carried  out  in  the  following  manner  : 
1-3  c.c.  of  the  oil  is  dissolved  in  an  equal 
volume  of  amyl  alcohol ; to  this  is  added  1-3 
c.c.  of  carbon  disulphide,  holding  in  solution 
1 p.c.  of  sulphur  flowers.  The  test-tube  is 
immersed  in  boiling  water,  or,  better,  in  boiling 
brine,  the  carbon  disulphide  being  allowed  to 
evaporate  off.  In  the  course  of  5-20  minutes, 
a deep-red  colouration  appears,  the  intensity  of 
which  stands  in  direct  proportion  to  the  amount 
of  cotton  seed  oil  in  the  sample.  The  reagent 
which  produces  the  colouration  appears  to  be  an 
impurity  in  the  amyl  alcohol,  and  the  test  may 
be  rendered  more  delicate  by  substituting 
pyridine  for  amyl  alcohol.  In  this  way  as  little 
as  0'25  p.c.  of  cotton  seed  oil  may  be  detected 
(Gastaldi,  Giorn,  Farm.  Chim.  1912,  61,  289). 
Although  the  test  cannot  be  used  as  a quantita- 
tive one,  yet  it  must  be  considered,  if  positive, 
as  one  of  the  best  means  of  recognising  the 
presence  of  cotton  seed  oil  qualitatively.  A 
negative  Halphen  test  is,  however,  no  conclusive 
proof  of  the  absence  of  cottonseed  oil  in  a mixture, 
as  the  colouring  matter  is  destroyed  by  heating 
cotton  seed  oil  to  250°,  or  by  keeping  it  at  200° 
for  some  prolonged  time,  or  by  ‘ blowing  ’ it. 
Hence  ‘ blown  cotton  seed  oils  ’ do  not  show  the 
Halphen  colour  reaction.  J.  L. 

COTTON  SEED,  COLOURING  MATTER  OF. 
Cotton  seeds  contain,  in  addition  to  cotton-seed 
oil,  a phenolic  substance  gossypol,  which  remains 
dissolved  in  the  oil  when  this  is  expressed. 

By  extracting  the  oil  with  caustic  soda  and 
neutralising  the  solution  thus  obtained  a 
voluminous  precipitate  separates  which  consists 
of  the  colouring  matter  admixed  with  fatty 
acids,  and  the  products  of  its  own  oxidation. 
For  the  isolation  of  gossypol  Marchlewski  (J.  pr. 
Chem.  1899,  60,  84)  employed  a partially 
purified  preparation  of  this  character  from  which 
the  main  bulk  of  the  fatty  acids  had  been 
eliminated.  By  extraction  with  ether,  repeated 
crystallisation  from  glacial  acetic  acid,  and  from 
a mixture  of  alcohol  and  50  j .c.  acetic  acid,  it 
was  isolated  in  the  form  of  small  yellow  prisms. 

As  the  result  of  analyses  of  this  substance 
dried  in  vacuo  over  sulphuric  acid,  Marchlewski 
suggested  two  formulae,  Ci3H^404  and  C32H34O10, 
and  of  these  the  first  is  considered  preferable. 
Preparations  dried  at  higher  temperatures  ap- 
peared to  suffer  alteration  as  they  thus  became 
darker,  and  had  then  a lower  melting-point. 

Thus  the  gossypol  when  quickly  heated  melted 
at  188°,  but  when  previously  dried  at  125°-130°, 
at  179°-180°.  It  is  easily  soluble  in  the  usual 
organic  solvents,  and  dissolves  in  sulphuric  acid 
with  a cherry-red  colouration,  a reaction  by 
which  its  presence  in  cotton-seed  oil  can  be 
detected.  In  alkalis,  gossypol  dissolves  with  a 
yellow  colouration  which  rapidly  changes  to 
violet,  and  then  slowly  fades.  The  ready 
susceptibility  of  alkaline  gossypol  solutions  to 
air  oxidation  accounts  largely  for  the  impure 
nature  of  the  crude  colouring  matter  isolated 
by  such  reagents  from  the  oil,  and  it  appears 
that  if  care  is  taken  in  the  process,  it  is  possible 
to  obtain  a much  cleaner  material  in  the  first 
instance.  An  alcoholic  solution  of  goss;p)ol 
gives  with  ferric  chloride  a dark-green  colouration, 
and  with  the  neutral  and  basic  acetates  of  lead 
a deep-yellow  precipitate.  The  analysis  of  the 
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lead  salt*  corresponded  to  Ci3Hi204Pb.  Accord- 
ing to  Marchlewski,  gossypol  yields  amorphous 
acetyl  and  benzoyl  derivatives  and  appears  to 
possess  two  hydroxyl  groups.  It  contains  no 
methoxy  groups,  and  is  not  a glucoside.  It 
dyes  iron  mordanted  material  a grey  shade,  but 
the  product  obtained  by  a careful  oxidation  of 
its  alkaline  solution  possesses,  it  is  stated, 
tinctorial  properties  of  greater  importance. 
Gossypol  can  be  employed  on  cotton  fabrics  as 
a mordant  for  the  basic  colouring  matters. 

F.  E.  Carruth  (Amer.  Chem.  J.  1918,  xi.  4, 
647)  isolates  gossypol  from  the  decorticated 
cotton-seed  kernels  which^have  been  crushed  by 
rollers  before  they  are  ‘ cooked  ’ in  the  oil  mill. 
From  these  a considerable  amount  of  oil  is 
removed  by  percolation  with  ligroin,  and  the 
residue  is  then  extracted  with  ether  and  the 
extract  evaporated.  The  product  is  now 
treated  with  one-half  to  one-third  its  volume 
of  glacial  acetic  acid,  and  on  keeping  for  some 
days,  or  more  quickly  by  gentle  warming, 
crystals  of  gossypol  acetate  separate.  For 
purification  it  is  dissolved  in  ether,  glacial 
acetic  acid  is  added,  and  the  solution  evaporated 
until  crystallisation  commences. 

To  obtain  gossypol  itself  an  ethereal  solution 
of  the  acetate  is  treated  with  water,  and  the 
ether  distilled  off.  The  gossypol  thus  remains 
suspended  in  the  water  as  crystalline  crusts, 
and  may  be  recrystallised  from  alcohol. 

A second  interesting  method  consists  in 
adding  aniline  to  an  ethereal  extract  of  cotton 
seed.  The  solution  after  warming  on  the  water- 
bath  gradually  deposits  on  standing  an  orange- 
yellow  microcrystaUine  precipitate,  which  ap- 
parently consists  of  an  aniline  salt  of  gossypol, 
C30H28O3,  2CeH5NH2  or  2C30H2SO,,  fiC.H^NH^. 
The  yield  is  practically  quantitative,  and  the 
process  may  be  used  to  estimate  gossypol  in 
extracts  of  cotton-seed  products. 

To  regenerate  gossypol  from  the  aniline 
compound,  it  is  dissolved  in  hot  alcoholic 
potassium  hydroxide,  and  the  aniline  removed 
by  steam  distillation.  From  the  alkaline  liquid 
the  gossypol  is  precipitated  on  acidification, 
and  may  be  purified  by  conversion  into  the 
acetate  according  to  the  method  given  above. 

Gossypol  acetate,  a molecular  compound  of 
gossypol  and  acetic  acid,  is  evidently  the  sub- 
stance described  by  Marchlewski  as  the  free 
colouring  matter.  It  is  a comparatively  stable 
substance,  and  when  heated  does  not  evolve 
acetic  acid  readily  below  180°.  Its  formula 
determined  by  alkali  titration  is 

C30H2SO9,  C2H4O2  or  C30H30O3,  C2H4O2 

Hence  gossypol  itself  is  CgoHgsOg  or  CgoHggOg, 
and  this  result  is  inharmony  with  other  analytical 
figures  given  in  Carruth ’s  paper. 

Gossypol  acetonate,  C3oH28G9’CH3'CO‘CH3, 
is  obtained  as  glistening  crystals  when  gossypol 
is  dissolved  in  acetone,  and  the  solution  con- 
centrated. Like  the  acetate  it  is  a stable 
compound,  and  when  heated  at  140°-150°  it 
alters  but  little  in  weight. 

Acetyl  and  benzoyl  derivatives  of  gossypol 
could  not  be  obtained  in  a crystalline  condition, 
but  as  a result  of  their  examination  the  evidence 
was  sufficient  to  indicate  that  four  or  five  hy- 
droxyl groups  are  present  in  gossypol.  When 
gossypol  is  heated  to  186°-190°  it  fuses  with  the 


evolution  of  vapour,  and  then  solidifies  to  a 
black  mass.  On  treating  the  residuS’  with  ether 
a sparingly  soluble  yellow  crystalline  compound 
B.  gossypol  separates,  which  is  much  less  toxic 
than  gossypol  and  melts  at  about  246°-248°. 
Again,  by  fusion  with  alkali,  a second  new 
crystalline  substance  C.  gossypol  can  be  obtained, 
and  this,  which  is  soluble  in  alkalis  with  a blue 
colour  is  probably  closely  related  to  the  purple 
oxidation  product  of  gossypol  referred  to  above. 

Cotton-seed  meal  which  has  been  submitted 
to  the  ‘ cooking  process  ’ loses  much  of  its  toxic 
property,  and  contains  then  practically  no 
gossypol.  By  exHacting  this  product  with 
aniline,  the  aniline  compound  of  D.  gossypol 
which  crystallises  in  orange-yellow  prisms  can 
be  isolated. 

Alcoholic  potash  converts  this  compound 
into  D.  gossypol  itself,  yellow  crystals,  which 
darken  and  soften  at  about  256°. 

From  the  cooked  meal  D2  p.c.  of  the  aniline 
compound  can  be  obtained.  These  products 
have  not  as  yet  been  closely  examined. 

A.  G.  P. 

COUCH  GRASS  or  Triticum,  Agropyrum  B.P. 
The  dried  rhizome  of  Agropyron  repens  (Beauv). 
Is  frequently  adulterated  with  Cynodon  Dactylon 
or  dog  grass.  A common  weed  in  pasture -and 
arable  land.  Used  in  pharmacy.  Therapeutic 
value  obscure. 

COUMARANE  GROUP.  Leuco-benzoyl- 
coumarane — 


C«H,— CH-OH- 


according  to  v.  Kostanecki  and  his  co-workers 
is  probably  the  mother  substance  of  the  catechin 
present  in  Gambier  catechu,  though  the  correct- 
ness of  this  view  has  not  yet  been  fully  estab- 
lished. Coumarane  or  hydro-coumarone,  the 
inner  anhydride  of  o-hydroxyphenyl-ethy] 
alcohol — 


OH 

CH2-CH2-OH 


was  first  prepared  by  Alexander  (Ber.  1892,  25, 
2409)  by  reducing  coumarone  in  alcoholic 
solution  with  sodium — 


0 


CeH, 


CH^ 

Coumarone. 


CH 


CeH/ 


0 

CH, 


>CH, 


Coumarane. 


It  forms  a colourless  oil,  boiling-point  188°- 189°, 
and  givus  in  sulphurie  acid  solution  by  addition 
of  ferric  chloride  a violet  colouration.  Stoermer 
and  Gohl  (Ber.  1903,  36,  2873)  have  obtained 
coumarane  and  its  homologues  by  the  action  of 
sodium  on  o-bromo-phenol  brom-ethyl  esters 
according  to  the  following  equation  : — 


CH2Br 


+ Na2= 


0 


-l-2NaBr 


By  the  interaction  of  coumarane  and  benzoyl 
chloride  in  the  presence  of  aluminium  chloride 
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4 benzoyl-coumarane,  colourless  crystals,  melting- 
point  44° — 


CeH^-CO- 


O-'is 


2 

2 


is  produced  (v.  Kostanecki,  Lampe  and  Mars- 
chalk,  Ber.  1907,  46,  3660),  and  when  reduced 
in  alcoholic  solution,  the  leuco-benzoyl-couma- 
rane  above  referred  to  is  obtained.  A.  G.  P. 

COUMARANDIONE,  COUMARANONE 

Ketones. 

COUMARANONE  GROUP.  Though  colour- 
ing matters  derived  from  coum.aranone  (keto- 
cumaran)  have  not  as  yet  been  isolated  from 
natural  sources,  there  is  some  probability  of 


Ketocumaran. 


I I CH, 


Cuinaran. 


their  presence  in  certain  flowers,  and  they  are 
not  only  historically  connected  with  the  earlier 
attempts  to  synthesise  the  fiavones,  but  have  in 
certain  instances  been  successfully  converted 
into  flavonols.  * 

Coumaranone  (1)  is  obtained  (Friedlander  and 
Neudorfer,  Ber.  1897,  30,  1077)  by  boiling  acetyl 
o- hydroxy  acetophenone  bromide  (2)  with  an 
aqueous  suspension  of  chalk,  or  by  the  action  of 
dehydrating  agents  on  phenoxy acetic  acid  (3) — 


0— COCH3 
CO-CH^Br 


(3) 


\/  HOOC 

(Friedlander,  Ber.  1899,  32,  1867),  and  consists 
of  colourless  needles,  melting-point  97°.  It 
condenses  with  benzaldehyde  in  the  presence  of 
hydrochloric  acid  with  formation  of  benzylidene- 
coumaranone — 


C=CH'C6H5 


which  was  at  first  ^considered  by  Friedlander 
and  Neudorfer  (Ber.  1897,  30,  1077)  to  consist 
cf  flavone.  On  substituting  protocatechuic 
aldehyde  for  benzaldehyde  these  authors 
obtained  the  dihydroxy  compound — 


and  this  is  a strong  dyestuff  which  gives  on  alu- 
minium mordanted  fabrics  an  orange,  and  with 
iron  and  chromium  mordants  brown- coloured 
shades. 

The  first  colouring  matter  of  this  group  was, 
however,  prepared  in  1896  by  Friedlander  and 
Riidt  (Ber.  29,  878)  from  chlorogallacetophenone 
and  benzaldehyde — 


OH 


”"0: 


0. 


CO 


CH, 


and  from  the  analogous  resacetophenone  de- 
rivative other  hydroxy  compounds  of  this  group 
were  obtained  later.  These  are  of  an  orange 
or  orange-red  colour,  as  a rule  form  oxonium 
salts,  and  those  possessing  tinctorial  property 
dye  alum  mordant  a much  more  orange  shade 
than  the  flavone  colouring  matters.  There  is 
indeed  a close  resemblance  in  this  latter  respect 
between  these  compounds  and  the  colouring 
matters  derived  from  chalkone — 

CO  : CH=CH— CgHg 

(Perkin,  Chem.  Soc.  Trans.  1904,  85,  1465),  for 
butein  (a  tetrahydroxy  chalkone  obtained  from 
the  Butea  frondosa)  and  the  3 : 4 : 3'  : 4'  tetra- 
hydroxybenzylidene  coumaranone  of  Fried- 
lander and  Rudt  give  almost  identical  shades. 
The  benzylidene  coumaranones  dissolve  in  sul- 
phuric acid  with  the  production  of  a red  or  red- 
violet  colouration,  and  can  thus  again  be  dis- 
tinguished from  fiavones  which  in  this  manner 
give  either  colourless  or  pale  yellow  solutions. 

In  1896  Kesselkaul  and  v.  Kostanecki  (Ber. 
29,  1886)  suggested  that  judging  by  its  colour 
reactions  the  colouring  matters  of  Friedlander 
and  Riidt  were  not,  as  these  authors  suggested, 
flavone  but  rather  coumaranone  derivatives, 
and  the  true  constitution  of  these  substances 
became  evident  on  the  synthesis  of  flavone 
itself  by  Feuerstein  and  v.  Kostanecki  (l.c.). 
That  benzylidenecoumaranones  can  be  con- 
verted into  flavanol  derivatives  has  been  shown 
by  Auwers  and  Muller  (Ber.  1908,  41,  4203),  and 
this  transformation  is  discussed  under  Flavonol. 

Coumaranone  is  also  interesting  as  the  source 
of  ox-indigo — 


^CQ/  \CO/ 


the  oxygen  analogue  of  indigotin.  This  crys- 
tallises in  yellow  prisms,  but  does  not  possess 
any  tinctorial  value. 

Analogous  colouring  matters  can  be  obtained 
from  diketohydrindene  (indandione),  this  also 
possessing  the  reactive  methylene  group,  with 
aldehydes.  Thus  by  heating  this  compound 
with  protocatechuic  aldehyde  at  110°-120°  v. 
Kostanecki  prepared  the  dihydroxybenzylidene 
derivative — 


which  consists  of  brownish-yellow  needles, 
melting-point  257°,  soluble  in  alkaline  solutions 
with  a red- violet  colour  and  gives  yellow  shades 
on  aluminium  mordanted  fabrics. 

From  indoxyl  also  in  a similar  way  Perkin 
and  Thomas  (Chem.  Soc.  Trans.  1909,  95,  , 798) 
prepared  dihydroxybenzaldehydeindogenide — 
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crystallising  in  orange-red  needles,  and  produc- 
ing with  aluminium  mordanted  fabrics  dull 
scarlet  shades. 

Chalkone  or  benzylideneacetophenone  is 
readily  prepared  by  the  interaction  of  aceto- 
phenone and  benzaldehyde  (Claisen,  Ber.  20, 
257)— 

CeHg-CO-CHa  + CsHgCOH 

CgHg-CO-CHaCHOH-CeHs 

CeH5-C0-CH:CH'C6H5-fH20 

It  consists  of  yellow  rhombic  prisms,  melting- 
point  57°-58°. 

When  submitted  to  hydrolysis  it  is  recon- 
verted into  the  aldehyde  and  ketone,  a reaction 
which  is  the  reversal  of  that  given  above — 

CeHs'CO-CHiCH-CeHg 

CeHs'CO-CHs-CH-OH-CeHg 

C6H5-CO-CH3+CeH5CH(OH), 

CeHs-COH+HjO 

By  the  employment  of  hydroxyacetophenones 
and  hydroxybenzaldehydes,  in  general  previously 
methylated,  numerous  chalkone  derivatives 
have  been  obtained  by  v.  Kostanecki  and  his 
co-workers.  Only  one  natural  colouring  matter 
of  this  group,  known  as  hutein,  has  at  present  been 
isolated,  and  the  synthetically  prepared  com- 
pounds have  been  more  specially  interesting 
owing  to  their  employment  for  the  synthesis 
of  the  flavonol  group  of  colouring  matters. 

Ryan  and  O’Neill  by  the  aid  of  diacetoresor- 
cinol  have  obtained  dichalkone  compounds. 
Thus  diacetoresorcinol  dimethyl  ether  and 
benzaldehyde  form  dibenzylidendiacetoresor- 
cinol  dimethyl  ether,  and  this  by  the  action  of 
aluminium  chloride  is  demethylated  with  pro- 
duction of  the  free  hydroxy  compound — 

OH.^OH 

CeHg-CH  : CH— CO— CO— CH  : CH-CgHs 

It  was  obtained  as  yellow  crystals  melting 
at  196°- 198°. 

Interesting  is  the  fact  shown  by  these  authors 
that  by  a variation  in  its  method  of  prepara- 
tion four  distinct  varieties  of  this  dichalkone 
can  be  produced.  Whereas  three  of  these  desig- 
nated as  a,  )8  and  5 are  stereo -isomers,  the  fourth 
or  y variety  is  structurally  related  to  the  other 
three. 

When  2-hydroxychalkone  is  digested  at  the 
boiling  temperature  with  alcoholic  sulphuric  acid, 
jlavanone  (dihydroflavone)  is  produced  according 
to  the  following  scheme  : — 

on  cii— 

[5  J li 


-^1 


OH  HOCII— CgHg 


\/ 


— CO- 


-tll, 


0 


UH— 


and  this  is  the  method  generally  adopted  for 
the  synthesis  of  flavanone  derivatives.  On  the 
other  hand,  though  as  a rule  a chalkone  only 
is  produced  by  the  interaction  of  aldehyde  and 


hydroxy  ketone,  when  gallacetopUenone  dime- 
thyl ether  (Woker,  v.  Kostanecki,  and  Tambor, 
Ber.  1903,  36,  4235)  or  quinacetophenone  mono- 
methyl ether  (v.  Kostanecki  and  Lampe,  ibid. 
1904,  37,  773)  are  condensed  with  benzaldehyde 
in  the  presence  of  sodium  hydroxide  the  respec- 
tive flavanones  (1  and  2)  are  thus  directly 
obtained — 


OMe  Q 

'^CH— CgHg 


/ \CH— C„H 

I 

\c0^^^2 


6 


On  hydrolysis  the  flavanones  yield  chalkones, 
a reversal  of  the  equation  given  above.  The 
reaction  in  these  cases  is  not  unidirectional,  and 
the  conversion  of  flavanone  into  chalkone,  or 
chalkone  into  flavanone,  is  never  complete. 

Chalkones  which  contain  hydroxyls  in  the 
ortho  position  to  one  another,  in  the  position 
3' : 4'  are  powerful  colouring  matters,  whereas 
flavanones  possessing  similar  hydroxyls  are  not 
dyestuffs,  as  indeed  their  constitution  indicates. 
During  the  dyeing  operation,  employing  mor- 
danted woollen  material  hydrolysis  occurs,  with 
subsequent  chalkone  production,  and  the  shades 
produced  by  them  are  in  reality  those  derived 
from  the  latter.  Flavanone  crystallises  in  small 
colourless  needles,  melting  at  75°-76°. 

Bromflavanone  (1)  by  elimination  of  hydro- 
bromic  acid  readily  yields  flavone  (2) — 


and,  again,  flavanones  may  be  converted  into 
flavonols.  A.  G.  P. 


/CH : CH 

COUMARIN  CgHeOs^CfiH/  j (1,  2) 

\0 — CO 

was  obtained  by  Vogel  (Gilb.  Ann.  64,  161),  in 
1820,  from  the  tonka  bean  (the  seed  of  Difteryx 
[Goumarouna)  odorata,  Willd.),  or  from  the 
melilot  {Mdilotus  officinalis,  Lam.),  and  from 
the  woodruff  {Aspenda  odorata,  Linn.),  but  was 
mistaken  by  him  for  benzoic  aci4.  Guibort, 
however,  showed  that  the  crystalline  odoriferous 
principle  of  the  tonka  bean  was  distinct  from 
benzoic  acid,  and  named  it  coumarin.  It  occurs 
in  Peristrophe  angnstifolia  (Nees),  Achylis  tri- 
phylla  (DC.),  and  in  many  other  plants,  and  is  a 
normal  constituent  of  lavender  oil.  It  is  present 
in  plants  as  a glucoside,  which  is  decomposed  by 
a ferment  present  in  the  plant.  This  ferment 
is  destroyed  by  alcohol  or  boiling  water  (Molish, 
J.  Pharm.  Chim.  1902,  279). 

It  was  first  obtained  synthetically  by  Perkin 
by  heating  the  sodium  compound  of  salicylalde- 
hyde  with  acetic  anhydride  (Chem.  Soc.  Trans. 
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1868,  53) ; or  more  simply  by  boiling  together 
salicylaldehyde,  acetic  anhydride,  and  dry 
sodium  acetate  {ibid.  1887,  388  ; see  also  Tie- 
mann  and  Herzfeld,  Ber,  1877,  284).  Acetyl 
coumaric  acid  is  first  formed  : 


CHO^CHg-CO 


CHg-CO, 


=0 


^CH  : CH-COOH 


which  then  parts  with  acetic  acid,  yielding 
coumarin  : 


p „ ^CH  : CH-COOH 
^6^4\0C0-CH3 

/CH  : CH 

=C8H4<  I d-CHg-COOH 
\0 — CO 


By  treating  salicylaldehyde  (1  molecule)  with 
excess  of  acetic  anhydride  (4  molecules)  for  6 
hours  at  180°,  coumarin  is  formed  (Reychler, 
Bull.  Soc.  chim.  1897,  17,  517). 

Coumarin  is  also  formed  in  small  quantity 
by  heating  a mixture  of  phenol  and  malic  acid 
with  sulphuric  acid 

CHaCOOH 
CgH^-OHd-  I ' 

CH(OH)-COOH 

/CH  : CH 

=CeH4<  I +C0+3H,0 
\0 — CO 


(Von  Pechmann,  Ber.  1883,  2119;  1884,  929, 
1649). 

It  has  also  been  obtained  from  o-chloro- 
cinnamic  acid  which  is  reduced  electrolytically 
to  o-chloro-hydrocinnamic  acid  and  then  heated 
with  aqueous  sodium  hydroxide  to  250°,  when 
melilotic  acid  is  produced.  Thionylchloride 
converts  melilotic  acid  into  melilotic  anhydride, 
from  which  coumarin  results  by  oxidation  with 
bromine  vapour  at  270°-280°  (Meyer,  Beer  and 
Lasch,  Monatsh.  1913,  34,  1665). 

Substituted  coumarins  may  be  obtained  by 
condensing  phenols  with  acetoacetic  ester  or 
with  malic  acid  in  the  presence  of  concentrated 
sulphuric  acid. 

The  condensation  of  acetoacetic  ester  or 
malic  acid  with  substituted  phenols  (containing 
alkyl,  hydroxyl  or  dialkyl-amino  groups)  gives 
good  yields  if  the  groups  are  present  in  the 
positions  as  shown — 


X 

/\ 

I 1 

■y' 

The  condensation  is,  however,  prevented  by  the 
presence  of  nitro,  carboxyl  or  carbethoxy  groups 
(Clayton,  Chem.  Soc.  Trans.,  1908,  2018).  It 
is  also  very  considerably  affected  by  the  concen- 
tration of  the  sulphuric  acid  used. 

Coumarin  forms  rhombic  crystals  melting  at 
70°  ; boils  at  290°-290-5°  ; has  a pleasant,  aro- 
matic odour  ; is  scarcely  soluble  in  cold  water, 
readily  soluble  in  boiling  water,  very  soluble  in 
alcohol  and  ether.  Crude  coumarin  may  be 
purified  by  repeated  boiling  with  light  petroleum 
(Claassen,  Pharm.  J.  1897,  161). 

It  dissolves  in  caustic  alkalis,  and  is  re- 
precipitated on  addition  of  acids.  If,  however, 
it  is  heated  for  some  time  with  concentrated 


caustic  alkali,  or  better,  with  sodium  ethoxide,  a 
solution  is  formed  from  which  acids  precipitate 

-.7  n tt  : CH-COOH 

coumanc  acid  CeH4<^Qjj  (1,  2). 


This  compound  can  be  reconverted  into  cou- 
marin by  heating  it  with  acetic  anhydride  ; but 
when  heated  alone  it  is  decomposed,  yielding 
phenol  and  other  substances.  Reduction  of 
coumarin  with  zinc  in  alkaline  solution  or  sodium 
amalgam  in  aqueous  solution  yields  melilotic 
acid  as  the  chief  product ; with  sodium  amalgam 
and  alcohol  hydrocoumaric  acid  is  formed 
(Williamson,  J.  1876,  587). 

On  account  of  the  differences  shown  between 
coumarin  and  thiocoumarin,  it  has  been  sug- 
gested that  the  two  compounds  should  be 
represented  by  the  annexed  formulae : 


C8H4 0 


CeH4-0. 

I >cs 

CH=CH/ 


(Clayton,  Chem.  Soc.  Trans.  1908,  524). 

The  thiocoumarin  is  produced  by  heating 
coumarin  with  phosphorus  pentasulphide,  and 
in  contradistinction  to  coumarin  is  coloured. 
It  also  reacts  with  phenylhydrazine,  yielding 
coumarin  phenylhydrazone  (with  elimination  of 
hydrogen  sulphide),  which  cannot  bo  obtained 
directly  from  coumarin  itself.  For  an  account 
of  the  synthetic  benzotetronic  acids  (hydroxy- 
coumarin  carboxylic  acids),  see  Anschutz,  Anna- 
len,  367,  1 74. 

In  Germany,  woodruff  (Ger.  Waldmeister)  is 
steeped  in  white  wine,  to  which  it  imparts  the 
pleasant  aroma  of  coumarin  {Maiwein,  Mai- 
tranh).  Instead  of  woodruff,  an  alcoholic  solu- 
tion of  coumarin  is  employed  for  the  same 
purpose  under  the  name  of  Maiweinessenz.  In 
larger  doses  coumarin  is  stated  to  have  a narcotic 
action. 

Coumarin  has  the  agreeable  odour  of  asperula, 
and  is  used  in  perfumery  for  the  preparation  of 
asperula  essence.  It  is  also  frequently  used  to 
adulterate  extract  of  vanilla  {q.v.)  {v.  Lactones). 

COUMARONE  C6H4/^^^CH.  An  oil  ob- 


tained from  the  coal-tar  fraction  boiling  between 
165°  and  175°,  After  the  pyridine  bases  and 
phenols  have  been  removed  by  acid  and  alkali, 
it  is  obtained  as  the  dibromide  on  addition  of 
bromine.  The  dibromide  is  reduced  to  coumarone 
by  alcoholic  potash  and  sodium  amalgam 
(Kraemer  and  Spilker,  Ber,  1890,  78).  It  can 
also  be  obtained  from  this  source  by  adding 
picric  acid  to  the  mixture  of  oils,  whereby  the 
picrate  of  coumarone  crystallises  out.  This  is 
separated,  decomposed  by  hot  water  or  dilute 
alkali,  and  the  coumarone  obtained  by  steam 
distillation.  The  picric  acid  is  recovered  and 
used  for  another  operation  (Ch.  Fab.  Act.  ges. 
Hamburg,  Eng.  Pat.  1422 ; D,  R.  P.  53793  ; 
Ber.  1891,  Ref.  233).  Coumarone  has  been  syn- 
thesised by  heating  o-hydroxy-co-chlorcinnamene 
OH-C8H4-CH : CHCl  ,with  potash,  hydrogen 
chloride  being  eliminated  (Komppa,  Ber.  1893, 
2968).  It  has  also  been  prepared  by  heating 
phenoxyacetaldehyde  with  zinc  chloride  in 
glacial  acetic  acid  (Stoermer,  ibid.  1897,  1700). 

Coumarone  boils  at  174-0°  (corr.)  (Perkin, 
Chem.  Soc.  Trans.  1896,  1249).  It  is  unacted 
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upon  by  potash  or  by  hydrochloric  acid.  Sul- 
phuric acid  reacts  with  coumarone  in  benzene 
solution,  producing  a soluble  resinous  material 
'paracoumarone  (CgHgO)^,  which  is  used  to  pre- 
serve wood  and  paper.  Other  polymerides  are 
known.  Coumarone  is  of  interest  as,  when 
passed  through  a red-hot  tube  with  benzene, 
phenanthrene  is  produced,  and  with  naphtha- 
lene, chrysene  is  produced  (Kraemer  and 
Spilker,  Ber.  1890,  84).  The  methyl  coumarones 
are  present  in  the  coal-tar  fraction  of  b.p.  185°- 
195°  (Stoermer  and  Boes,  ibid.  1900,  3013). 

COUMARONE  RESINS.  Technical  Cou- 
marone resins  are  prepared  by  treating  solvent 
naphtha  with  sulphuric  acid.  They  differ  from 
the  pitches  by  their  ready  solubility  in  acetone, 
and  from  the  condensation  products  of  phenols 
with  formaldehyde  by  their  solubility  in  petro- 
leum spirit  and  by  not  yielding  phenol  when 
heated  with  soda-lime  at  260°.  They  differ 
from  the  natural  resins  in  being  optically 
inactive,  in  having  a lower  melting-point, 
saponification  value  and  iodine  value.  They 
are  classified  for  commercial  purposes  according 
to  their  colour  and  hardness  ; those  softening 
above  50°  are  termed  ‘ very  hard,’  between  40° 
and  50°  ‘ hard,’  and  between  30°  and  40° 

‘ medium  hard.'  Eor  methods  of  their  examina- 
tion, see  Marcusson,  Chem.  Zeit.  1919,  43,  109- 
122  ; Analyst,  1919,  44,  203. 

If  coumarone  resins  are  distilled  under 
ordinary  or  under  reduced  pressure  they  yield 
yellow  oils  between  150°  and  240°,  consisting 
mainly  of  coumarone,  or  partially  depolymerised 
paracoumarone,  together  with  indene  hydrindene 
and  small  quantities  of  phenol.  By  treatment 
with  condensing  agents  and  catalysts  these  oils 
again  yield  resins  varying  in  character  with  the 
nature  of  the  catalyst.  Coumarone  oils  are  not 
autoxi disable  like  drying  oils,  but  when  mixed 
with  4-6  p.c.  of  driers,  such  as  the  resinates  of 
lead  or  manganese,  they  yield  dry  films.  The 
distinctive  oxidation  process  of  coumarone  oils 
is  to  be  attributed  to  indene  (E.  Stern,  Zeitsch. 
angew.  Chem.  1919,  32,  246). 

COURIER’S  BLUE  v.  Indulges. 

COVELLITE.  Native  cupric  sulphide,  CuS, 
crystallising  in  the  hexagonal  system.  Crystals 
are  rare  and  have  the  form  of  thin  six-sided 
plates.  Fine  large  crystals  have  been  found  at 
Butte  in  Montana.  The  mineral  has  a charac- 
teristic indigo-blue  colour,  hence  the  namemdfgo- 
copper  (German,  Kupferindig).  It  occurs  in  most 
copper-mines  as  a blue,  earthy  coating  on  other 
sulphide  ores  of  copper,  and  is  sometimes  found 
in  sufficient  quantities  to  be  of  importance  as 
an  ore,  e.g.  at  Butte  in  Montana,  and  Copiapo 
in  Chile.  Covellite  containing  platinum  (as 
the  mineral  sperrylite,  PtAs,)  is  mined  in  the 
Medicine  Bow  Mountains  in  Wyoming. 

L J S 

COW  TREE  WAX  v.  Waxes. 

COXPYRIN.  Syn.  for  acetyl  salicylic  acid. 

CRANBERRY,  the  fruit  of  Vaccinium 
Oxycoccos  (Linn.). 

American  analyses  give  as  the  average 
composition  of  the  berries  : 

Water  Protein  Fat  Carbohydrates  Ash 

88-5  0-5  0-7  10-1  0-2 

Konig  gives  : Other 

Water  Protein  Free  acid  Sugar  carbohydrates  Ash 

89*6  0-12  2-3  1-5  6-3  0*15  | 


The  juice  of  cranberries  was  examined  by 
Mach  and  Portele  in  1888  (Landw.  Versuchs. 
Stat.  1889,  38,  69),  who  found  a litre  of  the 
fresh  juice  to  contain  (in  grammes) 

Invert  Acidity  (as  Benzoic  Tannic 

sugar  malic  acid)  acid  acid  Ash  Nitrogen 

87-1  19-0  0-75  2*2  3-0  Odl 

The  sp.gr.  of  the  juice  averaged  L0591. 

The  juice  will  not  ferment  with  yeast,  owing, 
it  is  said,  to  the  presence  of  benzoic  acid,  but 
this  may  be  due  to  the  poverty  of  the  juice  in 
nitrogenous  matter,  for  Otto  (Bied.  Zentr.  1899, 
28,  284)  found  that  bilbervy  juice  would  only 
ferment  vigorously  with  yeast  after  the  addition 
of  asparagine  (about  0‘6  gram  per  litre)  or  of 
ammonium  chloride  (about  0’3  gram  per 
litre). 

Rising  (Bied.  Zentr.  1915,  44,  163)  found  in 
cranberries,  benzoic,  isovaleric,  malic  and  citric 
acids,  fermentable  sugars  and  a glucoside — 
vacciniin  CgHjjOg’Bz.  The  amount  of  sugar 
varied  from  5‘7  to  10‘4  p.c.,  and  that  of  benzoic 
acid  from  0'108  to  0’455  p.c.  The  keeping 
qualities  of  the  fruit  are  dependent  upon  the 
amount  of  benzoic  acid  present. 

The  pigment  of  the  cranberry  consists  of  an 
anthocyanin — a compound  of  galactose  with  a 
cj^anidin,  the  chloride  of  which  has  the  com- 
position CiglljiOgCl  (Willstatter,  Sitzungber. 
K.  Acad.  Wiss.  Berlin,  1914,  12,  402). 

Claassen  [ibid.  16,  70)  isolated  a bitter  sub- 
stance from  cranberries,  to  which  he  gave  the 
name  oxycoccin,  and  which  he  found  to  give 
reactions  similar  to  those  of  arbutin  CjgHigO^, 
occurring  in  the  leaves  of  the  red  bearbeiry, 
Arotostaphylos  Uva-ursi  (Spreng.). 

The  ash  of  cranberry  juice  contains  about 
3 p.c.  of  phosphorus  pentoxide  and  47  p.c.  of 
potash.  H.  I. 

CREAM  OF  TARTAR  v.  Tartaric  acid. 

CREATINE,  Methylglycocy amine,  Methylgua- 
ninoacetic  acid  Il2N'C(NH)NMe’CH2'C02H,H20 
discovered  by  Chevreul  (Annalen,  1835,  4,  293) 
in  muscular  flesh  (xpeas=flesh),  occurs  in 
human  flesh,  in  the  flesh  and  blood  of  manv 
warm  and  cold  blooded  animals  and  in  urine 
(Liebig,  Annalen,  1847,  62,  257  ; Gregory,  ibid. 
1848,  64,  105  ; Schlossberger,  ibid.  1848,  66,  80  ; 
Voit,  Z.  Biol.  1868,  4,  77  ; Price,  Chem.  Soc. 
Trans.  1851,  3 ; Marcet,  ibid.  1864,  2,  406  ; Folin 
and  Denis,  J.  Biol.  Chem.  1914,  17,  488  ; Rose, 
ibid.  1911,  10,  265)  ; the  amount  varies  with 
the  species  and  the  organ ; the  flesh  of  fowl 
yields  3 ’21  p.c.  ; of  pigeon,  0*825  p.c.  ; of  ox, 
0*697  p.c.  ; of  ox  heart,  1*375  p.c.  ; of  herring, 
1*324  p.c.  ; and  of  brill,  0*614  p.c.  (Gregory,  l.c.  ; 
Beker,  Zeitsch.  physiol.  Chem.  1913,  87,  28 ; 
according  to  Myers  and  Fine  (J.  Biol.  Chem. 
1913,  14,  9-12)  it  is  constant  for  a given  animal 
Okuda,  8th  Int.  Cong.  App.  Chem.  1912,  18,  275. 

According  to  Folin  (Amer.  J.  Physiol.  1905, 
13,  45,  66,  117),  van  Hoogenhuyze  and  Ver- 
ploegl  (Zeitsch.  physiol.  Chem.  1908,  57,  161), 
Mellanby  (J.  Physiol.  1908,  36,  447),  muscular 
creatine  has  its  origin  in  the  liver.  This  organ  is 
continuously  forming  creatinine  from  substances 
carried  to  it  by  the  blood  from  other  organs,  and 
in  the  developing  muscle.  This  is  changed  to 
creatine,  until  the  muscle  is  saturated  with 
creatine,  when  the  excess  of  creatinine  is 
excreted  by  the  kidneys.  (7/.,  however,  Folin 
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and  Denis  {ibid.  493-496  and  500-501)  who 
suggest  that  ereatine  is  part  of  living  vertebrate 
protoplasm  and  the  creatine  of  muscles  a post- 
mortem product,  and  that  creatinine  elimination 
is  a measure  of  the  total  normal  tissue  metabol- 
ism and  independent  of  any  special  function  of 
the  liver ; see  also  Myers  and  Fine  {ibid.  1913, 
15,  283-285  and  301-304) ; Inooye  (Zeitsch. 
phvsiol,  Chem.  1912,  81,  71-79) ; Rieser  {ibid. 
19i3,  86,  415-453,  and  1914,  90,  221-235); 
Myers  and  Fine  {ibid.  1913-14,  16,  169,  and 
ibid.  1915,  21,  377)  ; Rose  and  Dimmitt  (J. 
Biol.  Chem.  1916,  26,  345) ; Baumann  and  Hines 
(J.  Biol.  Chem.  1917,  31,  549).  The  creatine  is 
presumably  combined  with  the  muscular  proto- 
plasm, for  though  a readily  dialysable  substance, 
it  does  not  pass  into  the  surrounding  lymph  or 
blood  in  vitro,  nor  is  it  readily  obtainable  by 
diffusion  from  muscular  flesh  (Urano,  Beitr. 
Chem.  physiol.  Path.  1907,  9,  104).  Cf.,  how- 
ever, Folin  and  Denis  (J.  Biol,  Chem.  1914,  17, 
499)  ; Leo  and  Howe  (Pro.  Amer.  Soc.  Biol. 
Chem.  1912-13,  xliii.  For  the  origin  of  urinary 
creatine,  see  Benedict  and  Osterberg  (J.  Biol. 
Chem.  1914,  18,  195) ; Myers  and  Fine  {ibid. 
1913,  15,  301). 

In  order  to  extract  creatine,  the  flesh  is  heated 
with  its  own  weight  of  water  at  60°,  and  the 
juice  expressed.  The  flesh  extract  is  then  heated 
to  coagulate  the  protein,  and  filtered  ; the  filtrate 
is  treated  with  basic  lead  acetate  until  no  further 
precipitation  occurs,  and  again  filtered  after 
removing  the  excess  of  lead  from  the  filtrate  by 
sulphuretted  hydrogen,  when  it  is  evaporated 
until  creatine  separates  on  cooling  ; this  is  washed 
with  alcohol  and  recrystallised  from  water 
(Neubauer,  Zeitsch.  anal.  Chem,  1863,  2,  26 ; 
1867,  6,  33).  Creatine  may  be  prepared  l)y  the 
decomposition  of  creatinine  zinc  chloride  by 
means  of  ealcium  hydroxide  (Benedict,  J.  Biol. 
Chem.  1914,  18,  186). 

Creatine  is  prepared  synthetically  by  heating 
sarcosine  with  cyanamide  at  100°, 

CNNHa+NHMe-CHa-COaH 

= NH:  C(NH2)-NMe-CH2-C02H 


( Volhard,  Z.  Chem.  N.  F.  1869,  5,  318 ; Strecker, 
J.  1868,  686)  ; or,  together  with  creatinine,  by 
fusing  sarcosine  with  guanidine  carbonate  (Paul- 
mann,  Beilstein  Suppl.  i.  657). 

Creatine  forms  colourless  transparent  mono- 
clinic  prisms,  containing  IHgO,  which  it  loses  at 
100°  ; it  dissolves  in  74'4  parts  of  water  at  18°  ; 
or  in  9810  parts  of  cold  absolute  alcohol,  and 
is  insoluble  in  ether  (Liebig,  Annalen,  1847,  62, 
257).  Heat  of  combustion  at  constant  pressure  is 
4240  calories  (Emery,  Benedict,  Amer.  J.  Physiol. 
1911,  28-307).  The  presence  of  urea,  creatinine, 
or  certain  salts,  raises  the  solubility  of  creatine  in 
water  and  alcohol  (Neubauer,  l.c.).  The  aqueous 
solution  is  neutral,  and  has  a bitter,  harsh 
taste. 

Creatine  is  decomposed  by  boiling  baryta 
water  into  sarcosine,  urea,  and  methylhydantoi’n 

NH:C(NH2)-NMe-CH2-C02H+H20 

=C0(NH2)2+NHMe-CH2-C02H 


C0(NH2)2+NHMe-CH2-C02H->C0 


^NMe-CH 

\nh  • io 


2 


(Neubauer,  Annalen,  1866,  137,  294)  ; or  by 
mercuric  oxide  and  water  into  oxalie  acid  and 


methyl  guanidine  ; or  by  heating  with  soda-lime 
into  ammonia  and  methylamine.  Treated  with 
mercuric  acetate  in  presence  of  sodium  carbonate 
it  yields  a-methylguanidinoglyoxylic  acid  NH2’ 
C(NH)-NMe-C0-C02H,2H20  ; glistening  flakes, 
m.p.  203°-204°  (Baumann  and  Ingvaldsen,  J. 
Biol,  Chem.  1918,  35,  277).  When  potassium 
hydroxide  is  added  to  an  aqueous  solution  of 
creatine  and  silver  nitrate  until  the  white  precipi- 
tate first  formed  Just  redissolves,  the  liquid 
solidifies  to  a transparent  gelatinous  mass  im- 
mediately reduced  on  heating,  or  in  the  course  of 
a few  hours  at  the  ordinary  temperature.  The 
addition  of  potassium  hydroxide  to  a solution  of 
creatine  and  mercuric  chloride  precipitates  a 
white  crystalline  compound  (C4Hg02N3)2Hg,Hg0 
(Engel,  Compt.  rend.  1874,  78,  1707  ; 1875,  80, 
885).  Creatine  is  converted  into  creatinine  by 
heating  with  dilute  mineral  acids  for  some  hours 
(Dessaignes,J,  1857, 544),  or  at  117°for  15minutes 
(Benedict  and  Myers,  Amer.  J.  Physiol.  1907,  18, 
362) ; or  by  boiling  down  to  dryness  the  solution 
of  creatine  to  which  has  been  added  an  equal 
volume  of  hydrochlorie  acid  (Benedict,  J.  Biol. 
Chem.  1914,  18,  192) ; or  by  heating  with  water 
only  in  sealed  tubes  at  100°  for  2-3  day^s  (Neu- 
bauer, Zeitsch.  anal.  Chem.  1863,  2,  33),  Smoro- 
dincev  (J.  Russ.  Phys.  Chem.  Ges.  1915,  47, 
1275-9)  obtained  a double  salt  of  silver  nitrate 
and  ereatinine,  C4H70N3'AgN03  (decomposes 
188°-191°)  on  treating  pure  creatine  with  silver 
nitrate  in  a slightly  acid  solution. 

Creatine  forms  soluble  normal  salts  with  the 
mineral  acids  (Dessaignes,  Annalen,  92,  409), 
and  readily  soluble  compounds  with  zinc 
chloride  C4H90,N3,ZnCl, ; and  cadmium  chloride 
C4H902N3,CdCf2,2H20  ' (Neubauer,  ibid.  137, 

300) . 

Creatine  is  not  usually  estimated  directly ; 
it  is  converted  into'  creatinine  {g.v.),  and  esti- 
mated as  such ; for  the  estimation  of  creatine 
in  urine,  v.  Benedict  (J.  Biol.  Chem.  1914, 
18,  192)  and  Walpole  (J.  Physiol.  1911,  42, 

301) ,  who  makes  use  of  the  fact  that  a pale  red 
colour  is  given  by  alkaline  solutions  of  creatine 
and  not  by  creatinine  when  a trace  of  diacetyl 
is  added.  For  its  estimation  in  blood  v.  Green- 
wald  (Proc.  Soc.  exp.  Biol.  Med.  1917,  14,  115). 

a-Quaninopropionic  acid,  alacreatine 

NH2-C(NH)NH-CHMe-C02H 

from  alanine  and  cyanamide  (Baumann,  Annalen. 
1873,  167,  83),  an  isomeride  of  creatine  forms, 
sparingly  soluble  prisms. 

The  homologues  of  creatine  are  prepared  by 
the  action  of  cyanamide  on  the  eorresponding 
amino-acid  in  the  presence  of  ammonia,  e.g. 
a - aminocaprocyamine 

NH2-C(NH)NH*CH(C02H)CH2-CHMe2 

from  leucine  and  cyanamide  (Duvillier,  Compt. 
rend.  1886,  103,  211  ; 1887,  104,  1290).  Accord- 
ing to  Duvillier  {l.c.)  methyl-  or  ethylamino- 
acids  yield  with  cyanamide  the  correspond- 
ing creatinine.  The  creatine  is  formed  only  in 
the  ease  of  methylglycoeine  and  ^S-methyl- 
aminopropionic  acid,  the  latter  yielding  methyl- 
alacreatine  NH2'C(NH)'NMe'CHMe‘C02H  (Lin- 
denberg,  J.  pr.  Chem.  1875,  [2]  12,  253).  This 
generalisation  is  not  confirmed  by  Gansser 
(Zeitsch.  physiol.  Chem.  1909,  61,  16),  who 
obtained  the  creatinine  and  not  the  creatine 
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from  a-methylaminopropionic  acid  and  cyana- 
mide,  but  prepared  ^-methylguanino'pro'pionic 
acid  NH2'C(NH)NMe'[CH2]2C02H,H20,  m.p. 
201°-202°,  from  cyanamide  and  ;8-methylamino- 
propionic  acid,  and  y-methylguaninohutyric  acid 
NH2*C(NH)NMe-[CH2]3C02H,  m.p.  307°,  from 
cyanamide  and  y-methylaminobutyric  acid. 

Formaldehyde  and  creatine  yield  the  com- 
pound CgHii03N3,2H20,  decomposing  at  250°, 
and  forming  a dibenzoyl  derivative  C6H9O3N3BZ2, 
m.p.  265°-266°  (Jaffe,  Ber.  1902,  35,  2896). 

Phthalyldicreatine 

CgH4[C0-NH-C(NH)-NMe-CH2-C02H]2 

has  m.p.  212°  (Urano,  Beit.  Chem.  Physiol.  Path. 
1907,  9,  183).  Diacetylcreatine 

NH  : C(NHAc)NMe-CH2-C02Ac 

has  m p.  165°  (Erlenmeyer,  Annalen,  1895,  284, 
50).  M.  A.  W. 

CREATININE,  Methylglycocyamidine 

^NMe-CH2 
C :NH  I 

\NH  • CO 

discovered  by  Liebig  in  human  urine  (Annalen, 
1847,  62,  268),  the  amount  excreted  being 
26-30  mg.  per  kilo,  weight  of  body  per  diem 
(Koch,  Amer.  J.  Physiol.  1905,  15,  1),  is  also  a 
constant  constituent  of  the  urine  of  horses, 
cows,  dogs,  pigs,  and  rabbits  ; it  is  found  in 
muscle  (Shaffer  and  Reinoso,  Proc.  Soc.  Biol. 
Chem.  1910,  7,  xxx.  ; Meyers  and  Fine,  J.  Biol. 
Chem.  1915,  21,  383)  and  occurs  in  small  quan- 
tities in  the  flesh  of  fish,  about  0’2  p.c.  in  the 
case  of  cod  (Poulsson,  Chem.  Zentr.  1904,  ii. 
30)  ; for  other  estimations,  see  Okuda  (8th  Int. 
Cong.  App.  Chem.  1912,  18,  275) ; and  traces 
(0'000098  p.c..  Cooper  Colls,  J.  Physiol.  1896, 
20,  107)  are  found  in  the  blood.  According  to 
Folin  and  Denis  (J.  Biol.  CJhem.  1914,  17,  487) 
normal  human  blood  contains  1 mg.  creatinine 
and  6-8  mg.  of  creatinine  and  creatine  per  100 
grs.  blood.  In  domestic  animals  it  is  about  the 
same;  in  birds  Off  mg.  creatinine  but  11  mgs. 
creatinine  and  creatine.  It  is  probably  a normal 
constituent  of  all  soils  (Shore y,  J.  Amer.  Chem. 
Soc.  1912,  34,  99-107  ; Sullivan,  J.  Amer.  Chem. 
Soc.  1911,  33,  2035-42)  and  vegetable  matter 
(Oshima  and  Ariizumi,  J.  Coll.  Agric.  Tohoku 
Imp.  Univ.  1914,  6,  17-25). 

Under  normal  conditions,  the  excretion  of 
creatinine  is  constant  from  day  to  day  and  hour 
to  hour  (Shaffer,  Amer.  J.  Physiol.  1908,  23,  1)  ; 
it  is  not  affected  by  diet  or  exercise  (Folin,  ibid. 
1905,  13,  45,  66,  117  ; Pekelharing,  van  Hoogen- 
huyze  Verploegh.  Proc.  k.  Akad.  Wetensch, 
Amsterdam,  1905,  8,  363  ; Klercker,  Beit.  Chem. 
Physiol.  Path.  1906,  8,  59).  It  is  now  generally 
regarded  as  one  of  the  end  products  of  endo- 
genous nitrogenous  katabolism,  the  liver  con- 
tinuously forming  creatinine  from  substances 
carried  to  it  by  the  blood ; c/.,  however,  Folin 
and  Denis  (J.  Biol.  Chem.  1914,  17,  500-501)  ; 
part  of  this  creatinine  furnishes  the  muscular 
creatine  by  the  change  it  undergoes  in  the 
developing  muscle,  v.  Creatine  ; the  rest  is 
excreted  by  the  kidneys  (Folin,  l.c.  ; Mellanby, 
J.  Physiol.  1908,  36,  447  ; Lefmann,  Zeitsch. 
physiol.  Chem.  1908,  57,  476).  In  cases  of  fever 
or  starvation,  the  amount  of  urinary  creatinine 
is  increased,  the  material  wanted  for  contraction 


being  drawn  from  the  muscular  jrroteids  (Pe- 
kelharing, van  Hoogenhuyze  Verploegh,  l.c.  ; 
Leathes,  J.  Physiol.  1907,  35,  205).  In  cancer 
of  the  liver,  the  urinary  creatinine  is  diminished 
and  the  creatine  is  increased  (Mellanby,  loc. 
cit.). 

Creatinine  is  extracted  from  urine  by 
evaporating  to  one-third  the  original  volume, 
decanting  from  the  salts  that  crystallise  out, 
precipitating  with  lead  acetate  and  filtering, 
removing  the  lead  from  the  filtrate  and  precipi- 
tating the  creatinine  as  the  sparingly  soluble 
double  salt  with  mercuric  chloride.  This  is 
separated,  decomposed  by  sulphuretted  hydro- 
gen, and  the  creatinine  crystallised  from  the 
filtrate  as  the  hydrochloride  (Maly,  Annalen, 
1871,  159,  279)  ; or  by  precipitating  it  as  creatin- 
ine potassium  picrate  with  subsequent  decom- 
position of  the  double  salt  (Folin,  J.  Biol.  Chem. 
1914,  17,  463-467  ; Benedict,  ibid.  1914,  18, 
184-190). 

For  extraction  from  the  body  tissues  and 
fluids,  see  Costantino  (Chem.  Zentr.  1915,  11, 
287,  from  Arch.  farm.  sper.  1915,  19,  254-258.) 

Creatinine  bears  the  same  relation  to  creatine 
as  hydantoi’n  to  hydantoi’c  acid 


CO 


NHa 


, co/ 


NHCO 


NH-CHa-COgH  ^NHUH^ 

Hydantoic  acid.  Hydantoin. 


^NH,  ^'NH  • CO 

C:NH  “ , ClNH  | 

^NMe-CH^-COaH  \NMeCH2 
Creatine.  Creatinine. 

and  is  prepared  by  boiling  creatine  with  dilute 
mineral  acids  for  some  hours  (Liebig,  Annalen, 
1847,  62,  628)  or  by  heating  at  117°  for  15 
minutes  under  pressure  (Benedict  and  Myers, 
Amer.  J.  Physiol.  1907,  18,  362),  or  by  boiling 
down  to  dryness  with  an  equal  volume  of 
hydrochloric  acid  (Benedict,  J.  Biol.  Chem. 
1914,  18,  192). 

Creatinine  can  be  prepared  synthetically  by 
heating  guanidine  carbonate  with  sarcosine  at 
140°-160°  (Horbaczewski,  J.  Pharm.  Chim. 
1885,  86).  A quantitative  yield  is  obtained 
by  heating  N-methylglycocyamine  with  an 
organic  acid  (D.  R.  P.  281051,  from  J.  Soc. 
Chem.  Ind.  1915,  34,  637). 

By  heating  creatinine  with  silver  nitrate  and 
baryta  in  excess  on  the  water-bath  for  about 
an  hour  a nearly  quantitative  yield  of  methyl 
guanidine  can  be  obtained  (Ewins,  Bio-Chem. 
J.  1916,  10,  104).  By  oxidation  with  mercuric 
acetate  it  yields  a-methyl  guanidinoglyoxylic 
acid  (Baumann  and  Ingvaldsen,  J.  Biol.  Chem. 
1918,  35,  277). 

Creatinine  forms  anhydrous  monoclinic 
prisms  soluble  in  11*5  parts  of  water  or  100  parts 
of  absolute  alcohol  at  16°  (Liebig,  l.c.),  and 
separates  on  slow  evaporation  of  dilute  solutions 
in  square  plates  containing  2H3O  (Salkowski, 
Zeitsch.  physikal.  Chem.  1880,  4,  133).  It  is  a 
weak  base,  displacing  ammonia  from  its  salts, 
and  forming  soluble  salts  with  the  mineral  acids 
(Liebig,  l.c.),  the  picrate  C4H70N3'CgH307N3, 
m.p.  212°-213°,  crystallises  in  sparingly  soluble 
yellow  needles  ; the  acid  picrate 

C4H70N3-2CsH307N3 
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has  m.p.  161°-166°  (Mayerhoffer,  Wien.  Klin, 
Woch.  1909,  22,  [3])  ; the  tartrate 

(C4H,ON3)2-C4HeOe 

decomposes  at  207°-209°  ; the  oxalate 

(C4H70N3)3-C2H204 

is  sparingly  soluble  in  alcohol  (Poulsson,  Chem. 
Zentr.  1904,  ii.  30).  Creatinine  forms  charac- 
teristic double  salts  with  platinic  chloride 
(C4H70N3,HCl)2'PtCl4,  orange-red  plates,  m.p. 
220°-225°  ; with  auric  chloride 

C4H70N3-HCl-AuCl3 

yellow  crystals,  m.p.  170°-174°  ; with  potassium 
picrate  C4H70N3'CgH307N3’KC6H207N3,  lemon- 
yellow  prisms,  100  parts  of  water  dissolve  0’1806 
part  of  the  salt  at  19°-20°  ; with  zinc  chloride 
(C4H7  0N3)2'ZnCl2,  almost  insoluble  in  alcohol 
(Heintz,  J.  1847,  48,  883)  ; with  mercuric 
chloride4(C4H5Hg0N3-HCl)-3HgCl2,2H20(  John- 
son, Proc.  Roy,  Soc.  1886,  43,  493). 

Creatinine  is  converted  into  creatine  by  the 
action  of  cold  dilute  ammonia  or  calcium 
hydroxide  solutions  ; or  on  treatment  with 
iodine  (Reichardt,  Pharm.  Zeit.  1911,  56,  922); 
boiling  baryta  solution  converts  it  into  ammonia 
and  methyl  hydantoin  ; with  alkaline  oxidising 
agents  it  yields  methylguanidine  and  oxalic  acid, 
but  is  comparatively  stable  towards  acid  per- 
manganate solutions  (Jolles,  Ber.  1902,  35,  160). 

The  presence  of  creatinine  in  dilute  solution 
or  in  urine  can  be  detected  by  (1)  Maschke’s  test 
(Zeitsch.  anal.  Chem.  1878,  134),  which  consists 
in  the  formation  of  a sparingly  soluble  double 
compound  of  creatinine  and  cuprous  oxide, 
when  the  suspected  solution  is  heated  at  50°-60° 
with  Fehling’s  solution  ; as  the  cuprous  oxide  is 
formed  by  the  oxidation  of  part  of  the  creatinine, 
it  is  advisable  to  add  a little  glucose  to  the 
mixture ; the  test  is  sufficiently  delicate  to 
allow  of  the  detection  of  creatinine, 

(2)  Weyl’s  test  (Ber.  1878,  11,  2175)  consists  in 
the  production  of  a ruby-red  colouration, 
changing  to  yellow  when,  to  a solution  of 
creatinine,  a few  drops  of  10  p.c.  sodium  nitro- 
prusside  and  the  same  quantity  of  10  p.c.  sodium 
hydroxide  or  carbonate  solution  are  added.  On 
acidifying  the  solution  with  acetic  acid  and 
boiling,  the  colour  becomes  emerald  green, 
changing  to  blue,  due  to  the  formation  of 
Prussian  blue  (Salkowski ; Colasanti,  Gazz. 

* chim.  ital.  1887,  17,  129).  Guareschi  (Ber. 
1888,  21,  Ref,  372)  has  shown  that  this  reaction 
is  given  by  other  compounds  than  creatinine 
containing  the  — CO'CH.^ — complex.  (3) 
Jaffe’s  test  (Zeitsch.  physiol.  Chem.  1886, 
10,  399)  is  the  production  of  a deep-red  colour, 
when  picric  acid  and  an  excess  of  sodium 
hydroxide  solution  are  added  to  the  liquid 
containing  the  creatinine.  Chapman  (Chem. 
News,  1909,  100,  175)  has  shown  that  the 
eolour  is  due  to  the  sodium  salts  of  amino- 
dinitrophenol  (picramic  acid),  and  diamino- 
nitrophenol  formed . by  the  reduction  of  the 
picric  acid  by  the  creatinine ; if  the  creatinine 
is  present  in  excess,  reduction  to  the  colourless 
triaminophenol  occurs. 

The  older  methods  for  the  estimation  of 
creatinine  were  based  upon  the  isolation  of  the 
base  in  the  form  of  its  sparingly  soluble  double 
salt  with  mercuric  or  zinc  chloride,  and  either 
weighing  the  precipitate  or  estimating  the  metal 


or  the  nitrogen  in  the  compound  (Neubauer, 
Annalen,  119,  35  ; Salkowski,  Zeitsch.  physiol. 
Chem.  1886,  10,  113;  Grocco,  Chem.  Zentr. 
1887,  17  ; Kolisch,  ibid.  1895,  i.  814  ; Ladd  and 
Bottenfield,  Amer.  Chem.  J.  1898,  20,  869). 
Edleson  (Chem.  Zentr.  1909,  i.  108)  recommends 
precipitating  the  sulphate  in  the  presence  of  alco- 
hol and  ether,' dissolving  it  in  water,  and  titrating 
the  solution  with  standard  barium  hydroxide 
solution,  using  phenol  phthalein  as  indicator. 

The  method  generally  adopted  for  estimating 
creatinine  in  urine  is  Folin’s  colorimetric  method, 
based  on  Jaffe’s  reaction  (Zeitsch.  physiol.  Chem. 
1904,  41,  223).  N/2  potassium  dichromate 

solution  is  placed  to  a height  of  8 mm.  in  one 
tube  of  a Duboscq  colorimeter ; 100  c.c.  of  the 
urine  is  placed  in  a 500  c.c.  flask  with  10  c.c.  of 
a L2  p.c.  solution  of  picric  acid  and  5 c.c.  of  a 
10  p.c.  solution  of  sodium  hydroxide,  left  for 
a few  minutes  and  made  up  to  the  mark.  If  x 
is  the  length  of  this  solution  in  the  second  tube 
required  to  give  the  same  colour  effect  as  the 
8 mm.  of  the  standard  dichromate  solution  in 
the  first  tube,  then  8'1  X 10/a;=mg.  of  creatinine 
in  the  10  c.c.  of  the  urine.  If  x is  less  than  5, 
only  5 c.c.  of  urine  should  be  used  ; if  a;  is  greater 
than  13,  then  20  c.c.  of  urine  should  be  used. 
If  creatine  is  also  present  in  the  urine,  the 
amount  may  be  estimated  by  first  determining 
the  creatinine  as  above,  then  converting  the 
creatine  in  another  10  c.c.  of  the  urine  to 
creatinine  by  heating  it  with  5 c.c.  of  N/2  HCl 
on  the  water- bath  for  3 hours  or  for  15  minutes 
at  117°  under  pressure  (Benedict  and  Myers, 
Amer.  J.  Phys.  1907,  18,  362),  or  by  boiling  down 
to  dryness  with  an  equal  volume  of  hydrochloric 
acid  (Benedict,  J.  Biol.  Chem.  1914,  18,  191-194), 
and  estimating  the  total  creatinine.  The  differ- 
ence between  the  two  results  represents  the 
amount  of  creatinine  equivalent  to  the  creatine 
originally  present.  (For  precautions  to  be 
observed  regarding  temperature,  time,  and 
dilution,  in  applying  this  method  for  the  estima- 
tion of  creatinine,  compare  Chapman,  Chem. 
News,  1909,  100,  175.)  Folin  and  Morris  (J. 
Biol.  Chem.  1914,  17,  469-473)  recommend  the 
use  of  a standard  solution  of  creatinine  instead  of 
a dichromate  solution ; see  also  Folin  and  Doisy 
{ibid.  1917,  28,  349-356)  ; Gettler  {ibid  29,  47). 
The  presence  of  dextrose,  acetone  and  aceto- 
acetic  acid  interferes  with  the  final  colour  re- 
action and  various  suggestions  have  been  made 
for  overcoming  the  difficulty  (Graham  and 
Poulton,  Proc.  Roy.  Soc.  1914,  B,  87,  212 ; 
Greenwald,  J.  Biol.  Chem.  1913,  14,  87  ; Rose, 
J.  Biol.  Chem.  1912,  12,  73-80).  Morris,  J.  Biol. 
Chem.  1915,  21,  201-208,  recommends  the  pre- 
liminary precipitation  of  creatinine  as  the 
double  potassium  picrate.  See  Bauman  and 
Ingvaldsen  {ibid.  1916,  25,  196-200)  for  the 
quantitative  precipitation  of  creatinine  with 
potassium  picrate. 

An  isomeride  of  creatinine,  alacreatinme, 

NH CO 

I 

HN:C 

NH CHMe 

was  prepared  in  1873  (Ber.  6,  1371),  and  other 
isomerides  have  been  described  by  Korndorfer, 
Arch.  Pharm.  1904,  242,  620 ; Schenck, 
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ihid.  1910,  248,  376,  and  1911,  249,  463; 
Schmidt,  ihid.  1910,  248,  568 ; Johnson  and 
Nicolet  (J.  Amer,  Chem.  Soc.  1915,  37,  11, 
2417)  obtained  two  methyl  glycocyamidines 
isomeric  with  creatinine  by  the  action  of  methyl- 
amine  on  the  ethyl  ester  of  benzoylpseudo- 
ethylthiohydantoic  acid. 

Two  isomeric  nitrosocreaiinines  were  obtained 
by  Dessaignes  (Annalen,  1856,  97,  341)  and 
Marcher  {ihid.  1865,  133,  305)  by  passing  the 
nitrous  fumes  from  the  action  of  nitric  acid  on 
arsenious  oxide  into  an  acid  solution  of  creatinine. 
The  less  soluble  a-nitrosocreatinine  C4H8O2N4 
decomposes  at  210°,  forming  a colourless  liquid 
that  quickly  solidifies  to  a brown  mass  from 
which  a new  base  C7Hj202N4o  (?)  can  be  ex- 
tracted ; it  forms  a crystalline  nitrate,  hydro- 
chloride, and  'platinicliloride,  and  yields  the  hromo- 
derivative  C4H;02N4Br.  The  more  soluble  fi-nitro- 
socreatinine  C4H8O2N4  melts  at  195°  to  a brown 
liquid  and  decomposes  at  220°. 

According  to  Kramm  (Chem.  Zentr.  1898,  i. 
37),  the  yellow  colour  formed  by  the  interaction 
of  sodium  nitroprusside  and  sodium  hydroxide 
on  creatinine  (cf.  Weyl,  Bei.  1878,  11,  2175),  is 
due  to  the  formation  of  a nitrosocreatinine 
C4Hg02N4,  which  can  be  isolated  as  a colourless 
crystalline  precipitate  by  adding  acetic  acid 
to  the  yellow  alkaline  solution  and  shaking 
vigorously.  According  to  Schmidt  and  Hennig 
(Arch.  Pharm.  1912,  250,  345)  this  is  an  oxime  ; 
they  find  that  on  treatment  with  sodium  nitrite 
in  nitric  acid  solution  creatinine  yields  a mixture 
of  methyl  hydantoin  oxime,  m.p.  193°- 194°,  and 
creatinine  oxime,  which  begins  to  discolour  at 
250°  but  does  not  melt. 

The  following  acyl-  and  alkyl-  derivatives  of 
creatinine  have  been  prepared  : Benzoylcreati- 
nine  C44H44O2N3,  pale  yellow  needles,  m.p. 
187°  (Urano,  Beitr.  Chem.  Physiol.  Path.  1907, 
9,  183)  ; methyl,  dimethyl  and  trimethyl  creatinine 
and  salts  (Korndorfer,  Arch.  Pharm.  1904,  242, 
641  ; Kunze,  Arch.  Pharm.  1910,  248,  578-93). 

^NMe-CHa 

Methyl  creatinine  HN : C\  | gives  an 

\NMe-CO 

aurichloride,  m.p.  170°-171°,  and  dimethyl 
creatinine  gives  an  aurichloride,  m.p.  128°-129°, 
and  a platinichloride,  m.p.  177°-179°.  Accord- 
ing to  Kunze  the  constitution  of  dimethyl- 

.NMe  -CHa 

creatinine  is  MeN  : C\  | ; it  reacts  as  a 

\NMe— CO 


^NH— CO 

tertiary  base ; ethylcreatinine  C : NEt  I 

\NMe— CH2 

(Neubauer,  Annalen,  119,  50),  see  Henzerling 
(Arch.  Pharm.  1910,  248,  594 ; the  'platini- 
chloride crystallises  in  monochnic  plates,  m.p. 
197°-211°  ; ethylcreatinine  hyehiodide,  m.p.  217°- 
219°;  diethylcreatinine  platinichloride  201°-202°); 
methylamino-a-hutyrocyamidine 


HN:C 


-NMe-CHEt 

I 

.NH  • CO 


ethylamino-a-hutyrocyamidine  HN : C' 


/ 


NEt-CHEt 


NH-CO 

NEt-CHMe 


ethylaminopropionocyamidine  HN : C<^  ^ 


ethylaminoacetocyamidine  HN : C 
methylaminoisovalerocyamidine 


NEtCH2 

I 

NH  • CO 


HN:0 


NMe-CH-CHMe2 

I 

NH-CO 

/NH-CO 


a-cmiinocaprocyamidine  C/  -NH  | 

\NH-CH-[CH2]3Me 

(Duvillier,  Compt.  rend.  1882,  95,  456 ; 96, 

1583  ; 97,  1486;  100,916;  103,211;  104, 

1290). — For  Xantho-,  Cruso-,  and  Am^phi- creati- 
nine V.  Xanthocreatinine.  M.  A.  W. 

CREOLIN.  A disinfectant  consisting  of  an 
emulsion  of  coal  tar  cresols  with  soap. 

CREOSOFORM.  A condensation  product  of 
formaldehyde  and  creosote.  Used  as  an 
internal  antiseptic. 

CREOSOL  V.  Creosote,  wood  tar. 

CREOSOTAL  {Creosote  carhonate)  is  a mixture 
of  carbonates  of  the . phenols  present  in  wocd 
creosote,  of  which  the  chief  are  guaiacol  and 
creosol. 

It  is  produced  by  heating  creosote  with  a 
benzene  solution  of  carbonyl  chloride  (phosgene) 
under  pressure  (Heyden,  Eng.  Pat.  19074,  1890), 
but  is  generally  prepared  by  passing  phosgene 
gas  through  a solution  of  beechwood  creosote 
in  caustic  soda  solution.  The  carbonate 
separates  as  an  oil,  and  is  washed  with  dilute 
caustic  soda  and  finally  with  water. 

Creosotal  is  a viscid  yellowish  liquid,  in- 
soluble in  water,  but  soluble  in  alcohol,  chloro- 
form, benzene,  &c.  (Aufrecht,  Pharm.  Zeit.  1908, 
53,  480).  When  it  is  boiled  with  caustic  potash, 
the  odour  of  creosote  is  evolved.  It  is  quite 
odourless,  tasteless,  and  non-irritant  in  its  action 
upon  the  mucous  membrane,  and  is  therefore 
much  used  as  a substitute  for  creosote  in  the 
treatment  of  bronchial  afl:ections  and  pneu- 
monia, especially  in  children  (Weber,  Pharm.  J. 
68,  115;  Toff,  ihid.  73,  414).  The  dose  for 
adults  is  about  60  grains  daily,  and  it  is  usually 
given  in  an  emulsion  (Haefelin,  Pharm.  Zeit.  49, 
141). 

CREOSOTE  or  KREOSOTE  (from  Kpiwj, 
contracted  genitive  of  Kpeas,  meat,  and  (TooCd, 

I save  or  preserve).  Wood  tar,  and  coal  tar, 
when  subjected  to  distillation,  yield  fractions 
technically  known  as  ‘ creosote,’  both  of  which, 
the  latter  more  especially,  find  extensive  and 
important  uses  in  the  industrial  arts. 

Reichenbach,  in  the  year  1832,  applied  the 
term  ‘ kreosote  ’ to  a substance  derived  from 
wood  tar,  and  which  has  been  found  to  possess 
powerful  antiseptic  properties  ; shortly  after- 
wards, Runge  discovered  carbolic  acid  in  coal 
tar,  and  the  two  products  were,  for  a con- 
siderable time,  regarded  as  identical ; similar 
compounds,  however,  have  since  been  procured 
from  other  sources,  and  in  order  to  prevent  con- 
fusion, it  has  been  suggested  to  restrict  the  use 
of  the  term  ‘ creosote  ’ to  the  use  in  a generic  sense 
as  referring  to  all  the  phenols  and  phenoloid  • 
bodies  derived  indifferently  from  coal,  wood, 
coke-oven,  blast-furnace,  and  shale-oil  tars. 
The  enormous  extension  of  the  use  of  creosote 
oil  from  coal  tar  for  the  preservation  of  timber 
has  resulted  in  the  terms  ‘creosote’  and  ‘creosote 
oil  ’ being  used  commercially  as  meaning  the 
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heavier  distillates  from  coal  tar  and  coke  oven- 
tar,  the  oils  from  blast-furnace  tar  being  dis- 
tinguished as  ‘ blast-furnace  creosote.’ 

Wood-tar  creosote.  The  tar  derived  from 
the  chstillation  of  beech  wood,  when  subjected  to 
further  distillation,  yields  certain  fractions  that 
are  heavier  than  water,  and  which,  after  agitation 
with  solution  of  caustic  soda,  and  separation 
from  insoluble  oils,  are  boiled  with  free  access  of 
air  in  order  to  oxidise  various  impurities  present ; 
the  alkaline  solution  thus  obtained  is  decom- 
posed with  dilute  sulphuric  acid,  the  crude 
creosote  which  separates  is  again  submitted  to 
a similar  alkaline  and  acid  treatment,  and  the 
product  finally  distilled,  reserving  the  traction 
passing  over  between  200°  and  220°. 

This  represents  the  ordinary  ‘ wood-tar 
creosote  ’ of  commerce.  It  is  a complex 
mixture  of  phenoloid  compounds,  the  proportions 
of  which  are  materially  influenced  by  the  method 
originally  followed  in  distilling  the  beechwood 
from  which  it  was  obtained. 

Wood-tar  creosote,  when  freshly  prepared, 
is  a colourless,  transparent  liquid  of  an  oily 
consistency,  and  which  retains  its  fluidity  at  a 
very  low  temperature ; its  sp.gr.  varies  from 
1’037  to  1'087  ; it  boils  at  205°-225°,  and  dis- 
solves in  about  200  parts  of  water ; its  odour 
is  strong  and  penetrating,  resembling  that  of 
wood  smoke,  or  rather  of  smoked  meat ; it 
refracts  light  powerfully  and  burns  with  a very 
sooty  flame.  Wood-tar  creosote  is  powerfully 
antiseptic,  but  its  power  of  coagulating  albumen 
has  been  denied ; nevertheless,  it  preserves 
animal  substances  as  effectively  as ' carbolic 
acid.  It  is  less  caustic  than  carbolic  acid,  and 
is  not  poisonous.  Wood-tar  creosote  may  be 
regarded  as  consisting  of  a mixture  of  compounds 
included  in  several  homologous  series,  chiefly 
of  acid  methylic  ethers  of  catechol,  and  the 
presence  of  the  following  bodies  has  been 
established  : — ■ 


Name  Formula 

1.  Monohydric  phenols  : 

Phenol,  carbolic  acid  CgHgOH 
Cresol|.  cresylic  add  7 c^h,(CH3)OH 

C6H3(CH3),0H 

Ethyl  phenol  (1-2)  C6H4(C2H5)OH 

2.  Methyl  ethers  of  dihydric  phenols  : 
Guaiacol  or  methyl- 1 o'  tt  i OCHo  ? 

catechol  5 ^6^4  ) OH  S 

Creosol  or  methyl-  \ tt  ^ f OCHot 
homocatechol  ( j oH  f 

Dinmthyl-homocate-^C6H3(CH)(OCH3)2 


Homocreosol  or  di-7  p -ri-  /p-rr  (OCHoV 
methyl  guaiacol  5 ^6^21^-^4312  j qH  ( 

Ethyl-guaiacol(  1-3-4)  C6H3(C2H5)  \ 

Coerulignol  or  pro->  ^ tt  rr  vr\  i OCHo  i 
pyl-guaiacol  ("  ) OH  j 

3.  Methyl  ethers  of  trihydi’ic  phenols  : 

( OCHo) 

Diniethyl-pyrogallol  CbH3<  OCH.,  \ 

'oh  ' 

}C6H2(CH3)  OCH3 
' OH  1 
/OCH3 


Dimethyl  - methyl 
pyrogallol 


imethyl  - propyl-)  cOCH 

pyrogallol  (pica- } C6H2(C3H7)  { OCH 
mar)  1 I OH 

ithyl -propyl -pyro- Ip  ^ /p  ^ 
gallol  ]-t^64l2mtl7)|0^ 


Boiling 

point 

182° 

203° 

220° 

203° 

200° 

219° 

214°-128° 

230° 

241° 

253° 
265° 
285° 
290° 


Of  these  compounds,  phenol  is  present  in 
extremely  small  quantity,  paracreosol  in  larger, 


and  phlorol  in  notable  proportion,  but  the  two 
principal  constituents  of  creosote  are  guaiacol 
and  creosol,  although  not  equally  present  in  all 
varieties  ; guaiacol,  according  to  Allen,  pre^ 
dominates  in  Rhenish  creosote,  whilst  with 
Morson’s  creosote  from  ‘ Stockholm  tar,’  creosol 
is  the  chief  constituent.  Homocreosol  and 
coerulignol  are  present  in  small  quantity  only, 
but,  according  to  Gratzel,  the  latter  body 
possesses  such  energetic  and  astringent  qualities 
that  a single  drop  placed  on  the  tongue  causes 
bleeding  ; purified  creosote  should  therefore  be 
absolutely  free  from  this  compound,  which  may 
be  detected  by  the  blue  colouration  produced  by 
barium  hydroxide. 

The  less  valuable  portions  of  wood- tar 
creosote  were  found  by  A.  W.  Hofmann  to 
contain  the  methyl  ethers  of  pyrogallol  and  its 
homologues  ; these  bodies  are  of  interest  from 
the  remarkable  colouring  matters  (originally 
discovered  by  Runge)  which  may  be  derived 
from  them  by  oxidation ; thus,  if  the  sodium 
derivative  of  dimethyl-pyrogallol  be  mixed 
with  the  sodium  derivative  of  dimethyl-methyl- 
pyrogallol  and  excess  of  sodium  hydroxide  and 
heated  in  the  air,  a substance  called  eupiitonic 
acid  is  formed,  according  to  the  following 
equation  : — 

(CsH, „03)3-|-C,H, 303+203=03, H^jO.  + SH^O 

Eupittonic  acid  has  the  constitution  of  a 
hexamethoxyl  aurin  Ci9Hg(0CH3)e03.  Rei- 
chenbach’s  ‘ pittical,’  called  by  Wichelliaus 
‘ eupittone,’  was  a salt  of  eupittonic  acid. 
Wood-tar  creosote  has  been  met  with  adulterated 
to  a considerable  extent  with  crude  carbolic  and 
cresylic  acids,  and  from  the  fact  that  the  re- 
actions of  these  substances  closely  resemble 
those  of  wood  creosote,  the  distinction  between 
the  two,  especially  when  in  admixture,  is 
attended  with  some  difficulty.  Genuine  beech- 
wood  tar  is  soluble  in  solutions  of  caustic 
alkalis,  and  forms  a crystalline  compound  with 
potassium  hydroxide,  but  not  with  sodium 
hydroxide  ; on  the  other  hand,  it  is  practically 
insoluble  in  strong  ammonia. 

An  alcoholic  solution  should  give  no  coloura- 
tion whatever  (blue  or  red)  with  baryta  water ; 
such  colouring  indicates  the  presence  of  cceru- 
lignol  and  other  impurities. 

The  composition  of  beechwood  and  oak 
creosotes,  freed  from  hydrocarbons,  is  given  by 
Behai  and  Choay  (Compt.  rend.  1894,  119,  166), 
as  follows  : — 


Beech 

Beech 

Oak 

Distillation  tem- 
perature, °C. 

200-220° 

200-210° 

200-210° 

Specific  gravity  . 

1-085 

1-085 

1-068 

Monophenols 

39-0 

39-0 

55-0 

Guaiacol 

19-7 

26-5 

14-0 

Creosols  and  homo- 
logues 

40-0 

32-1 

31-0 

Loss 

1-3 

2-4 

Owing  to  the  demand  for  guaiacol  for 
pharmaceutical  purposes,  wood-tar  creosote,  as 
it  occurs  in  commerce,  is  frequently  found  to 
have  been  deprived  of  part  or  the  whole  of  the 
guaiacol  it  contained. 
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Methods  for  the  determination  of  guaiacol  in 
wood  creosote  are  given  by  Behai  and  Choay 
(Compt.  rend.  1893,  116,  197) ; M.  Adrian 
(Nouv.  Rem.  13,  97) ; L.  E.  Kebler  (Amer.  J. 
Pharm.  1899,  409). 

Wood- tar  creosote  is  sharply  distinguished 
from  the  coal-tar  acids  by  its  insolubility  in 
absolute  glycerol ; it  is  also  distinguished  from 
the  coal-tar  acids  by  its  reaction  with  an  ethereal 
solution  of  nitrocellulose ; shaken  with  half  its 
volume  of  collodion,  B.P.,  Calvert’s  No.  5 car- 
bolic acid  coagulates  the  gun-cotton.  Morson’s 
creosote  does  not  precipitate  the  nitrocellulose 
from  collodion,  but  mixes  perfectly  with  the 
ethereal  solution ; when  a mixture  of  equal 
volumes  of  Morson’s  creosote  and  Calvert’s 
No.  5 acid  is  treated  with  the  collodion,  the 
precipitation  is  very  marked. 

Creosote  from  coal  tar  and  other  sources.  In 
pharmaceutical  circles  the  term  ‘ creosote  ’ is 
still  retained  for  products  of  the  carbonisation 
of  wood,  but,  generally  speaking,  it  is  recognised 
in  industry  as  applying  to  a mixture,  consisting 
principally  of  hydrocarbons  distilled  from  coal 
tar,  the  latter  being  either  of  gasworks  origin, 
or  from  the  carbonisation  of  coal  in  coke  ovens. 
At  the  time  when  anthracene  was  a valuable 
commercial  product,  the  fraction  of  coal  tar 
containing  this  material  was  usually  collected 
separately,  the.  crude  anthracene  being  removed 
by  filtration,  and  the  oil  separated  therefrom 
being  placed  on  the  market  under  the  names 
‘ anthracene  oil,’  ‘ green  oil,’  or  ‘ heavy  oil.’  In 
more  recent  times  many  tar  distillers  have 
found  the  recovery  of  naphthalene  unremunera- 
tive,  and  this  is  especially  the  case  where  the 
crude  tar  is  of  such  a nature  that  an  appreciable 
proportion  of  solid  paraffinoid  hydrocarbons 
appears.  The  whole  of  the  anthracene  fraction 
has  therefore  frequently  found  its  way  to  the 
creosote  storage.  Other  distillates  of  coal  tar 
have  also  been  passed  into  the  creosote  tanks  at 
various  works,  including  the  ‘ sharp  oil  ’ sepa- 
rated during  the  recovery  of  crude  naphthalene, 
and  the  ‘ middle  oils  ’ or  ‘ carbolic  oils,’  after 
treatment  for  the  removal  of  ‘ tar  acids  ’ (crude 
phenols).  There  is  no  very  serious  objection 
to  this  development,  especially  in  view  of  the 
fact  that  inclusion  of  the  anthracene  fraction 
results  in  a mixture  containing  a large  proportion 
of  high-boiling  constituents.  Creosote  of  this 
nature  is  employed  in  the  United  States  for 
railway  work,  and  has  been  exported  in  recent 
times  to  that  country  in  very  large  quantities 
by  means  of  ‘ tankers.’  But  exception  must 
be  taken  to  the  practice  that  has  arisen  in  some 
cases  whereby  the  creosote  storage  has  largely 
assumed  the  character  of  a refuse  pit  for  the 
disposal  of  various  oils,  and  even  tars,  that  are 
only  marketable  with  difficulty,  such  as  blast- 
furnace tar,  blast-furnace  creosote,  water-gas 
tar,  &c.  It  is  probably  most  satisfactory  to 
regard  creosote  as  a fraetion  obtained  during 
the  distillation  of  coal  tar,  either  of  gasworks 
or  coke-oven  origin,  collected  between  the  light 
oil  fraction  and  the  anthracene  fraction  ; it  may 
or  may  not  include  the  middle  oils,  or  those 
portions  of  them  remaining  after  partial  or 
complete  removal  of  tar  aeids  or  naphthalene. 

Creosote  from  coal  tar  (gasworks).  This 
consists,  for  the  most  part,  of  a mixture  of 
liquid  aromatic  hydrocarbons  with  naphthalene. 


The  naphthalene  may  be  present  in  such  small 
quantities  that  the  oils  retain  it  entirely  in 
solution,  or  there  may  be  so  much  of  it,  say  up 
to  40  p.c.,  or  more,  that  the  creosote  exists  as 
a solid  mass  at  15°  0.  Phenolic  and  basic 
constituents  are  also  present,  together  with 
small  amounts  of  paraffinoid  hydrocarbons. 
The  creosote  produced  from  tar  that  is  made 
in  London  and  the  southern  districts  of  England, 
where  Durham  and  other  north  country  coals 
are  largely  carbonised,  contains  considerably 
more  naphthalene,  as  a rule,  than  that  obtained 
in  more  northerly  districts,  where  Midland  coals 
are  retorted.  On  the  other  hand,  the  creosote 
obtained  from  Midland  tar  is  far  richer  in  tar 
acids  than  that  made  in  London.  So  charac- 
teristic are  these  features  that  various  creosotes 
are  regularly  known  in  the  trade  as  ‘ Midland 
creosote,’  ‘ ordinary  London  creosote,’  &c. 
Scotch  creosote  will  be  dealt  with  later.  The 
carbonisation  of  coal  in  gasworks  has,  during 
the  last  few  years,  developed  in  several  direc- 
tions. It  was  formerly  the  custom  to  work  with 
‘ light  charges’  of  coal  in  the  retorts,  with  the 
result  that  a relatively  large  free-space  existed 
between  the  surface  of  the  coal  and  the  top  of 
the  retort.  But  about  1911  the  practice  was 
widely  adopted  of  employing  heavier  charges, 
whereby  the  ‘ free  space  ’ was  greatly  reduced. 
The  result  of  this  change  of  procedure  was  that 
the  volatile  products  of  carbonisation  experienced 
a much  more  rapid  journey  to  the  ascension  pipes 
of  the  retort,  and  consequently  the  changes  they 
underwent,  due  to  thermal  decomposition  in 
the  free  space,  were  lessened.  The  effect  of  this 
change  on  the  quality  of  the  tar  was  very 
noticeable.  The  quality  of  the  creosote  seems 
to  be  very  similar  to  that  resulting  from  ‘ light 
charge  ’ carbonisation,  but  there  is  more  of  it 
in  the  tar.  The  proportion  of  naphthalene  in 
the  creosote  is  lower,  while  the  proportion  of 
tar-acids  is  somewhat  higher.  The  average 
yield  of  creosote  from  coal  tar  is  roughly  about 
20  p.c.  of  the  latter  by  volume. 

Creosote  being  a mixture  of  many  hydro- 
carbons, &c.,  it  is  not  possible  to  give  any 
definite  figures  for  its  physical  and  other  constants, 
and  the  more  so  as  it  is  highly  improbable 
that  any  two  makes  are  identical.  When  a 
sample  of  good  quahty  is  distilled  in  the 
laboratory,  the  main  bulk  of  it  usually  passes 
over  between  200°  and  300°  C.,  the  bulb  of  the 
thermometer  being  immersed  in  the  vapour. 
If  the  anthracene  fraction  be  present  there 
will  be  a considerable  residue  at  the  latter 
temperature.  The  calorific  value  is  about 
16,050  B.Th.U.  The  evaporating  power  (in 
actual  practice,  ‘from  and  at  212°  F.’)  is  12 '0 
lbs.  The  flash-point  usually  lies  about  170°- 
180°  E.  (closed  test).  The  refractive  index  of 
the  higher  fractions  should  be  above  1'6  (Sage). 
Determination  of  the  specific  heat  between 
30°  and  100°  C.  gave  the  figure  0‘398.  The  co- 
efficient of  expansion  per  °E.  is  about  0 ’000455. 
The  specific  gravity  usually  lies  between  L030 
and  1 ‘080.  Creosote  generally  contains  between 
0'5  and  0’9  p.c.  of  sulphur. 

Although  these  figures  naturally  differ  with 
the  various  makes  of  creosote,  and  can  therefore 
only  be  regarded  as  approximate,  they,  never- 
theless, are  frequently  found  useful  in  industry, 
and  several  serve  as  evidence  of  admixture  of 
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adulterants  of  a paraffinoid  nature,  such  as  have 
already  been  mentioned  in  this  article. 

Creosote  finds  its  largest  application  in  the 
treatment  of  wood,  especially  railway  sleepers, 
piles,  and  telegraph  poles.  Its  employment  as 
fuel  is  being  very  rapidly  developed,  chiefly  in 
burners  which  serve  to  atomise  the  liquid, 
either  by  direct  application  of  pressure,  or  by 
means  of  steam  or  air  under  pressure.  Numerous 
patents  have  been  granted  for  such  burners,  and 
for  further  information  on  the  subject,  consulta- 
tion of  such  works  as  Brame’s  Fuel  may  be 
recommended.  The  employment  of  creosote  as 
a fuel  for  Diesel  engines,  with  or  without  pilot 
ignition,  is  extending,  and  the  ‘ Diesel  Engine 
Users  Association  ’ has  recently  issued  a 
specification  for  the  quality  of  oil  considered 
to  be  best  suited  for  that  particular  purpose. 
Creosote  oil  is  (when  freed  from  naphthalene) 
used  in  the  preparation  of  disinfectants  and 
sheep-dips.  It  is  also  employed  for  generating 
artificial  light  in  specially  designed  lamps  such 
as  the  ' Lucigen.’ 

Lamp-black  is  manufactured  by  partial 
combustion  of  creosote  in  a limited  air  supply. 
Recent  experiments  seem  to  indicate  the  possible 
value  of  creosote  as  a soil  steriliser. 

The  best  known  methods  of  creosoting 
timber  are  perhaps  those  of  Bethel,  Boulton, 
Riiping,  Curtis  Isaacs,  Lawry,  Rutgers.  In 
some  of  these  processes  the  creosote  is  applied 
under  pressure,  occasionally  after  first  placing  the 
timber  under  a vacuum,  and  at  other  times  the 
oil  is  employed  at  a temperature  sufficiently 
high  to  boil  the  sap  out  of  the  wood  in 
vacuo. 

Many  specifications  for  creosote  considered 
to  be  best  suited  for  this  work  have  been 
published ; probably  the  best  known  is  that  of 
Dr.  Tidy.  The  advantages  resulting  from  the 
creosoting  of  timber  are  summarised  by  Tidy 
as  follows  : — 

Physical. — Choking  of  pores,  and  thus  render- 
ing the  material  non-absorbent  of  water. 

Biochemical. — Inhibition  of  germ  life. 

Chemical. — Coagulation  of  albumen  by  the 
tar  acids. 

Probably  most  of  the  creosote  sold  for 
creosoting  at  the  present  time  is  subject  to  the 
American  ‘ Maintenance  of  Way  ’ specification. 
The  most  important  feature  is  the  insistence  on 
a large  proportion  of  high- boiling  oils.  It  is 
estimated  that  in  1913,  35,000,000  gallons  of 
creosote  were  exported  to  the  United  States 
from  the  United  Kingdom.  At  various  times 
emphasis  has  been  given  to  one  or  more  of  the 
following  properties  of  creosote  for  treatment 
of  timber  : 

1.  Maximum  naphthalene  content. 

2.  Minimum  naphthalene  content. 

3.  Tar  acids. 

4.  Proportion  of  high-boiling  constituents. 

It  is  considered  that  the  life  of  railway 

sleepers  is  increased  five-fold  by  creosoting. 
Experiments  by  J.  M.  Weiss  (U.S.A.)  {see  J. 
Soc.  Chem.  Ind.  1911,  1348),  show  that  coal  tar 
creosote  is  more  efficient  as  a preservative  than 
is  that  from  water-gas  tar,  in  the  proportion 
of  about  6 to  1.  Creosote  is  used  for  the  treat- 
ment of  wooden  paving  blocks,  for  which  purpose 
it  is  valuable  as  a preservative  and  also  as  a 
means  of  rendering  the  blocks  impervious  to 
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water,  the  absorption  of  which  would  give 
rise  to  expansion  of  the  wood. 

The  following  are  among  the  tests  commonly 
applied  to  creosote  : — 

1.  Distillation. 

2.  Liquidity  of  residue  left  after  distillation. 

3.  Water. 

4.  Solid  matter  (naphthalene,  &c.)  deposited 

at  60°  F. 

5.  Loss  on  evaporation  under  specified 

conditions. 

6.  ‘ Absorbent  spot  ’ — a drop  of  the  oil  being 

placed  on  blotting-paper,  and  examina- 
tion made  for  particles  of  ‘ free  carbon  ’ 
indicative  of  adulteration  by  crude  tars. 

7.  Tar  acids. 

8.  Specific  gravity, 

9.  Colour. 

10.  Fluorescence. 

IL  Refractive  index — serving  to  indicate 
presence  or  absence  of  paraffinoid 
hydrocarbons,  or  tars  containing  them. 

12.  Flash  point. 

13.  Matter  insoluble  in  benzol. 

14.  Sulphonation. 

{Cf.  Sage,  J.  Soc.  Chem.  Ind.  1911,  588.) 

Creosote  from  coke-oven  tar  is  very  similar 
to  that  from  gasworks  tar. 

Oils  from  low-temperature  processes  of 
carbonisation.  A great  deal  of  work  has  been 
carried  out  in  investigating  the  products  of 
these  systems.  Some  of  the  processes  are 
worked  under  partial  vacuum.  The  volatile 
products  of  carbonisation  are  not  subjected  to 
the  secondary  thermal  decompositions  that  are 
incidental  to  high-temperature  work  in  hori- 
zontal retorts,  with  the  result  that  the  proportion 
of  aromatic  hydrocarbons  appearing  in  the  oils 
is  very  much  smaller,  the  specific  gravity  of 
those  fractions  corresponding  to  creosote  being 
lower  than  LOGO.  The  content  of  tar  acids  is 
very  much  higher,  though  there  is  but  little 
actual  phenol.  From  the  highest  fractions 
solid  paraffinoid  hydrocarbons  are  frequently 
deposited.  Work  by  Pictet  and  Bouvier,  on  the 
carbonisation  of  coal  at  low  temperatures  and 
in  partial  vacuum,  points  to  the  conclusion 
that  the  primary  condensible  products  are 
similar  to  the  constituents  of  certain  petroleums, 
consisting  to  a considerable  extent  of  terpenes 
and  naphthenes.  No  solid  aromatic  hydro- 
carbons are  present.  On  subjecting  these  low- 
temperature  tars  to  heat  by  passage  through  a 
tube  or  over  red-hot  coke,  benzene,  naphthalene, 
anthracene,  &c.,  are  formed,  the  resulting  oils 
being  very  similar  to  ordinary  coal  tar  creosote. 
According  to  Wheeler,  ‘ vacuum  ’ tar  is  largely 
a mixture  of  ethylenic,  naphthenic  and  paraffin 
hydrocarbons,  and  homologues  of  naphthalene, 
together  with  phenoloid  compounds,  chiefly 
cresols  and  xylenols.  Aromatic  solid  hydro- 
carbons are  generally  absent.  D.  Trevor  Jones 
concludes  that  the  ordinary  products  of  coal 
tar  result  from  the  action  of  heat  on  a tar 
which  is  formed  in  the  first  instance,  and  which 
is  similar  to  that  obtained  under  low- temperature 
conditions.  The  naphthenes,  paraffins  and  un- 
saturated hydrocarbons  are  decomposed  to 
produce  olefines,  which  are  at  their  maximum 
at  550°  C.  The  olefines  vanish  at  750°  with  the 
simultaneous  appearance  of  naphthalene  and 
1 of  large  quantities  of  hydrogen.  He  further 
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concludes  that  acetylene  plays  an  insignificant 
part  in  the  formation  of  coal  tar  products. 
Low  temperature  carbonisation  on  the  large 
scale  yields  a very  oily  tar  amounting  to  25  or 
more  gallons  per  ton  of  coal.  This  t^ar  is  rich 
in  those  oils  corresponding  in  distilling  range  to 
the  creosote  of  normal  tar.  In  the  carbonisation 
of  cannel  coal  by  such  processes  as  much  as 
50  gallons  of  tar  is  obtained. 

Creosote  from  vertical  retort  tar  is  charac- 
terised by  its  low  content  of  naphthalene,  its 
high  content  of  tar  acids  (chiefly  higher  homo- 
logues  of  phenol),  and  the  large  proportion  of 
paraffinoid  bodies  present,  the  latter  being 
sufficient  to  bring  the  specific  gravity  below 
1-000. 

West  introduces  steam  during  the  process 
of  vertical  carbonisation,  using  continuous 
vertical  retorts.  The  yield  of  tar  is  increased 
very  considerably  and  reaches  20  gallons  per 
ton.  The  tar  is  of  low  specific  gravity  and 
gives  a large  ‘ creosote  ’ fraction.  The  tars 
evolved  during  the  carbonisation  of  coal  in 
vertical  retorts  are  not  subject  to  such  high 
temperatures  as  in  the  case  of  horizontal  retorts. 
Consequently  these  tars  resemble,  to  a certain 
extent,  the  low- temperature  products  already 
described.  Similar  remarks  apply  to  the  tars 
from  blast  furnaces  and  from  power-gas  producers, 
where  coal  is  employed  as  fuel. 

Blast  furnace  creosote.  This  is  sometimes 
known  as  ‘ phenoloid.’  It  resembles  vertical 
retort  creosote  in  many  ways.  The  specific 
gravity  of  the  hydrocarbons  is  low,  the  pro- 
portion of  tar  acids  is  high,  reaching  20-35  p.c., 
though  there  is  little  phenol.  The  phenoloids 
from  blast-furnace  tar,  extracted  by  Watson 
Smith,  contained  only  1-33  p.c.  of  real  phenol, 
boiling  at  182°,  whereas  the  tar  acids  from 
Lancashire  tars  yielded  65  p.c.  of  crvstallisable 
carbolic  acid. 

The  fractions  passing  over  between  210°  and 
230°  contain  phlorol  and  creosol,  and  those 
following  at  a higher  temperature,  viz.  360°, 
furnish  compounds  allied  to  the  eupittonic  acid 
obtained  from  wood  tar. 

This  creosote  has  a very  strong  and  cha- 
racteristic odour.  Blast  furnace  creosote,  and 
sometimes  even  the  crude  tar  from  which  it  is 
distilled,  is  often  mixed  with  coal  tar  creosote, 
and  several  of  the  tests  generally  applied  to  the 
latter  are  employed  for  the  purpose  of  detecting 
this  undesirable  adulterant. 

Blast-furnace  creosote  oil  is  now  produced 
in  large  quantities  in  Scotland.  It  is  employed 
to  a certain  extent  for  creosoting  timber,  in 
producing  the  ‘ Lucigen  ’ light,  and  as  a liquid 
fuel.  It  furnishes  from  20  to  35  p.c.  of  phenoloid 
substances  soluble  in  caustic  soda,  as  against 
4 to  7 p.c.  in  London  coal-tar  creosote,  and  about 
16  p.c.  for  Midland  and  country  make.  Allen 
and  Angus  have  secured  by  patent  their  use  as 
an  antiseptic  under  the  name  of  ‘ neosote,’  a word 
signifying  ‘new  preserver’  (Eng.  Pat.  11689, 
August  29,  1887).  Experiments  have  shown 
that  the  substance  compares  favourably  with 
carbolic  acid,  whilst  its  caustic  properties,  when 
applied  to  the  skin,  are  much  less  marked. 
When  freshly  prepared,  the  fluid  is  almost 
colourless,  and  bears  a great  resemblance  to 
wood-tar  creosote. 

Creosote  from  producer  tar.  In  cases  where 


bituminous  coal  is  gasified  a tar  is  formed,  the 
creosote  from  which  is  similar  in  several  respects 
to  the  blast-furnace  oil.  Tar  acids  and  para- 
ffinoids  are  present  in  large  quantity. 

Creosote  from  water-gas  tar  is  characterised 
by  the  absence  of  tar  acids.  It  is  usually  rich 
in  paraffins,  of  low  specific  gravity,  and  may 
contain  anthracene  and  naphthalene. 

Scotch  creosote  is  characterised  by  its  large 
content  of  paraffinoid  hydrocarbons  and  conse- 
quent low  specific  gravity. 

Employment  of  creosote  oils  for  lighting. — 
Creosote  oil  has  long  been  employed  as  a source 
of  light  in  the  construction  of  harbours  and  out- 
door work,  where  smoke  was  of  little  conse- 
quence or  inconvenience  ; but  when  it  is  wished 
to  burn  this  oil  to  the  greatest  advantage  and 
with  the  least  possible  amount  of  smoke  and 
soot,  it  becomes  necessary  to  employ  lamps  so 
constructed  that  a jet  of  air  or  steam,  more  or 
less  superheated,  may  be  introduced  in  such  a 
manner  as  to  ensure  more  perfect  combustion. 
Hartmann  and  Lucke  (D.  R.  P.  9195,  Aug.  9, 
1879)  constructed  a lamp  specially  intended  for 
the  consumption  of  creosote  oils,  in  which  the  oil 
is  automatically  supplied  to  a dish-shaped 
receptacle,  over  which  is  placed  a funnel-shaped 
cylinder.  In  the  centre  of  the  dish  or  receptacle 
receiving  the  oil  from  its  attached  reservoir,  is 
placed  a conical  tube,  reaching  a little  above 
the  surface  of  the  oil,  and  through  which  a jet  of 
superheated  or  dry  steam  may  be  driven.  In 
using  the  lamp,  the  dish  or  receptacle  referred 
to  is  allowed  to  fill  with  oil ; it  is  then  ignited  at 
its  surface,  the  funnel-shaped  cylinder  placed 
over  it,  and  steam  cautiously  admitted  through 
the  conical  tube.  It  will  readily  be  seen  that 
the  arrangement  closely  resembles  the  ‘ Hera- 
path  blowpipe,’  with  the  difference  that  the 
steam  is  forced  through  a body  of  com- 
bustible fluid,  issuing  just  above  its  surface,  in 
place  of  air  forced  through  a body  or  envelope 
of  combustible  gas,  and  issuing  at  a point  or 
position  that  may  be  called  its  surface. 

The  oil  thus  burns  without  wick  or  chimney, 
and  affords  a light  of  180  standard  ca.ndles,  with 
an  hourly  consumption  of  a little  over  2 lbs.  of 
creosote. 

An  apparatus  for  a similar  purpose  has  been 
patented  by  Lyle  and  Hannay,  under  the  name 
of  the  ‘ Lucigen.’  It  consists  of  an  oil  tank  or 
reservoir,  fitted  with  a special  burner  at  the  top 
of  a tube,  which  may  be  extended  to  any  length  ; 
into  this  reservoir  compressed  air  is  introduced 
by  an  indiarubber  pipe,  so  attached  as  to  make 
the  ‘ Lucigen  ’ portable.  On  the  compressed 
air  being  admitted  into  the  oil  tank  or  receptacle, 
it  forces  the  oil  up  through  an  internal  tube,  and, 
escaping  at  the  same  time  with  the  oil  in  the 
burner,  produces  a spray  which  is  set  on  fire.  A 
light  of  about  2000  candle-power  is  given  by  the 
‘ Lucigen.’  The  flame  is  large,  the  light  well 
diffused,  and  the  eyes  are  not  dazzled  by  it. 
There  is  little  or  no  smoke  from  the  flame,  and 
the  lamp  burns  equally  well  under  heavy  rain 
or  spray ; it  requires  no  lantern,  and  has  no 
parts  which  can  be  damaged  by  rough  usage. 
In  the  ‘ Doty  ’ and  ‘ Wells  ’ lights,  pressure  is 
brought  to  bear  on  the  surface  of  the  oil  or  creo- 
sote by  means  of  an  air  pump,  whereby  the  oil  is 
forced  through  a coil  surrounding  the  lower  por- 
tion of  the  flame,  and  becomes  distilled  into  gas. 
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Creosote  oil  has  also  been  employed  for  the 
purpose  of  illuminating  and  heating,  by  direct 
conversion  into  permanent  gas.  A ton  of 
creosote  is  capable  of  yielding  13,300  cubic  feet 
of  gas,  with  an  illuminating  power  of  14  candles  ; 
a yield  of  29,300  cubic  feet  may  be  obtained,  but 
of  candle-power  only ; the  chief  drawback  to 
this  method  of  utilisation  is  the  high  tempera- 
ture necessary  to  decompose  the  oils,  which 
results  in  the  production  of  low  candle-power 
gases. 

Employment  of  creosote  as  fuel. — Creosote  oil 
is  extensively  used  as  a fuel,  both  for  marine 
and  stationary  purposes  and  especially  for 
furnaces  for  heating  iron  rods  for  the  manufac- 
ture of  bolts  and  rivets.  From  theoretical  con- 
siderations, it  would  appear  to  be  eminently 
adapted  to  the  purpose,  1 lb.  of  coal-tar  creosote, 
when  effectively  burnt,  being  capable  of  evaporat- 
ing 11 ‘24  lbs,  of  water,  a result  which  is  con- 
siderably in  excess  of  that  obtained  from  coal 
or  coke. 

Various  methods  have  been  devised  for 
burning  the  oil  to  the  greatest  advantage. 
These  may  be  briefly  summarised  under  the 
following  heads  : — 

1.  Injection  into  the  furnace  by  means  of 
compressed  air  with  ‘ atomising  ’ apparatus. 

2.  Injection  into  the  furnace  by  means  of 
steam  with  ‘ atomising  ’ apparatus. 

3.  Feeding  into  the  furnace  by  simple 
gravitation,  alone  or  in  combination  with 
coke. 

G.  F.  Dexter  (Journ.  Gas  Lighting,  June  29, 
1886,  1242-1244),  in  a table  showing  the  relative 
calorific  values  of  certain  coal-tar  distillates, 
refers  to  creosote,  or  heavy  oils,  as  under  : 

Average  formula  Ci4llig ; b.p.  240°  to  270° 
and  upwards. 

Proportionate  weight  of  constituents  : 


Carbon 

. 0-93913 

Hydrogen 

. 0-06087 

Calorific  value  ; 

Carbon  units 

. 497 

Hydrogen  units 

. 210 

Employment  of  creosote  oil  as  an  antiseptic 
and  for  the  purposes  of  a cattle  wash  and  sheep 
dip  {v.  Disinfectants). 

Creosote  oil  is  also  now  largely  used  to  absorb 
benzene  from  coke-oven  gas.  The  gas,  after  the 
extraction  of  the  ammonia,  is  passed  up  towers 
or  scrubbers  down  which  a shower  of  creosote 
oil  falls.  The  creosote  oil  takes  up  from  3 to 
4 p.c.  of  benzene,  and  this  is  regained  by  distilla- 
tion with  steam,  the  creosote  being  used  over 
and  over  again  until,  by  the  accumulation  of 
dirt  and  tar,  it  becomes  too  viscid,  when  it  is 
generally  run  into  the  tar  well.  This  fact  should 
not  be  lost  sight  of  when  estimating  the  propor- 
tion of  creosote  in  coke-oven  tars. 

The  heavier  portions  of  creosote  oil  are  also 
used  to  absorb  naphthalene  from  coal  gas  ; the 
gas  is  passed  through  washers  containing  the  oil. 
As  the  oil  tends  to  abstract  some  of  the  illumi- 
nants  from  the  gas,  it  is  best  to  add  to  the  oil 
before  use  a small  proportion  of  benzene  suffi- 
cient to  saturate  the  oil  so  that  no  more  is  ab- 
sorbed from  the  gas. 

The  heavier  oils  are  also  used  as  a rough 
lubricant  for  brick-making  machinery,  and  for 


injecting  into  the  brick  kilns  during  the  burning 
of  the  bricks  to  impart  a superficial  blue  colour 
to  them.  The  creosote  acts  as  a reducing  agent 
on  the  iron  compounds  in  the  clay,  and  the  red 
colour  is  changed  to  blue. 

A preparation  of  heavy  creosote  or  anthra- 
cene oil  with  lime  is  used  as  a cart  or  axle 
grease. 

Bibliography. — Lunge’s  Coal  Tar  and  Am- 
monia ; Allen’s  Commercial  Organic  Analysis  ; 
Warne’s  Coal  Tar  Distillation.  W.  H.  C. 

CREOSOTAL.  Syn.  for  Creosol  carbonate. 

C RESATIN.  Acetic  ester  of  m-cresol. 

CRESEGOL.  Trade  name  for  the  mercury- 
potassium  salt  of  cresol  sulphonic  acid. 

CRESOL  CeH^lCHgjOH.  The  three  isomeric 
cresols  exist  in  coal  tar  (Williamson  and  Fairlie, 
Annalen,  92,  319  ; Ihle,  J.  pr.  Chem.  [2]  14, 
442  ; Tiemann  and  Schotten,  Ber.  11,  767,  783) 
in  about  the  following  proportions  : orthocresol, 
35  p.c.  ; metacresol,  40  p.c.  ; and  paracresol,  25 
p.c,  (Schulze,  ibid.  20,  410). 

The  cresols  can  be  separated  from  the  oily, 
non- crystallis  able  mother  liquors  obtained  in 
the  purification  of  crude  phenol  by  fractiona- 
tion and  crystallisation,  by  dissolving  them  in 
soda  lye,  freeing  the  solution  from  naphthalene 
or  other  hydrocarbons  by  a current  of  steam, 
and  then  fractionally  precipitating  with  sul- 
phuric acid.  The  first  fractions,  owing  to  the 
greater  acidity  of  phenol,  contain  chiefly  cresols, 
and  are  further  purified  by  distillation  (Muller, 
Zeitsch.  Chem.  1865,  270). 

Various  processes  have  been  patented  for 
obtaining  meta-  and  para-cresol  from  crude 
cresol.  Raschig  (Eng.  Pat.  18334 ; D.  R.  P. 
112545;  J.  Soc.  Chem.  Ind.  1900,  37),  by  re- 
peated fractionation  of  the  crude  cresol,  obtains 
a mixture  containing  60  p.c.  of  meta-  and  40  p.c. 
of  para-cresol.  This  mixture  is  then  sulphonated 
by  means  of  concentrated  sulphuric  acid,  in 
which  m-cresolsulphonic  acid  is  easily  soluble, 
but  the  p-  compound  only  with  great  difficulty. 
The  mixture  is  allowed  to  stand  for  a week,  and 
the  crystals  of  the  p-sulphonic  acid  are  removed, 
or  a soluble  sodium  salt,  such  as  the  sulphate, 
may  be  added  in  quantity  sufficient  to  form  the 
sodium  salt  of  the  p-cresolsulphonic  acid.  The 
latter  is  separated  from  the  mother  liquor, 
which  consists  of  m-cresolsulphonic  acid  and  a 
little  sodium  sulphate.  The  two  cresols  are 
obtained  from  their  respective  sulphonic  acids 
by  hydrolysis  with  superheated  steam.  In 
another  process  (Raschig,  Eng.  Pat.  25269 ; 
J.  Soc,  Chem.  Ind.  1900,  1099)  the  mixture  of 
the  two  sulphonic  acids  is  subjected  to  the  action 
of  superheated  steam  at  120°-130°,  the  m- 
cresolsulphonic  acid  alone  being  hydrolysed 
under  these  conditions.  The  m-cresol  distils 
off,  and  on  raising  the  temperature  to  140°- 160°, 
the  p-sulphonic  acid  is  hydrolysed  and  p-cresol 
is  obtained.  See  also  Raschig,  D.  R.  PP.  144903, 
146752. 

According  to  the  Chem.  Fabr.  Ladenburg 
(D.  R.  P.  148703  ; Chem.  Soc.  Abstr.  1904,  i.  312), 
separation  of  m-  and  p-cresols,  by  partial  sul- 
phonation,  is  incomplete.  The  process  recom- 
mended is  to  heat  crude  cresol  with  sodium 
hydrogen  sulphate  at  100°-110°,  dissolve  the 
product  in  water,  when  p-cresol  separates  out  as 
an  oily  lajmr,  the  m-cresol  alone  being  sul- 
phonated. Superheated  steam,  at  180°,  is 


420 


CRESOL, 


passed  in  to  obtain  m-cresol,  after  the  ^^-cresol 
has  been  separated. 

Another  process  of  the  same  firm  (Eng.  Pat, 
1881  ; Er.  Pat.  339880 ; D.  R.  P.  152662  ; J. 
Soc.  Chem.  Ind.  1904,  759)  consists  in  saturating 
the  crude  cresol  with  milk  of  lime,  when  the 
calcium  salt  of  m-cresol,  which  is  much  less 
soluble  than  that  of  the  p-cresol,  separates  out. 
This  is  filtered  off,  decomposed  with  acid,  and 
relatively  pure  m-cresol  is  obtained.  The 
crystals  of  the  calcium  salt,  before  decomposition 
with  acid,  may  be  washed  with  benzene  to  free 
them  from  the  last  traces  of  mother  liquor. 
Reihm  (D.  R.  P.  53307  ; Frdl.  ii,  9)  separates 
m-cresol  from  p-cresol  by  means  of  their  barium 
salts. 

Rutgers  (Fr.  Pat.  317512  ; D.  R.  P.  137584 
and  141421  ; J.  Soc.  Chem.  Ind.  1902,  1410) 
treats  the  commercial  mixture  with  anhydrous 
oxalic  acid  or  an  anhydrous  acid  oxalate.  By 
this  means,  the  oxalic  ester  of  ^J-cresol  alone 
is  formed  and  separates  out.  This  ester  is 
separated  and  decomposed  by  water  into 
^-cresol  and  oxalic  acid  ; the  m-cresol  is  obtained 
from  the  mother  liquors. 

Terrisse  (D.  R.  P.  281054)  sulphonates  the 
mixture  with  acid  of  60°  Be,  at  diminished 
pressure,  neutralises  with  sodium  carbonate 
and  drives  off  the  p-cresol  in  a current  of  steam. 
The  residual  sodium  salts  are  decomposed  by 
sulphuric  acid  and  the  m-sulphonic  acid  then 
heated  with  superheated  steam ; see  also 
Hoffmann  Laroche  and  Co.,  Fr.  Pat.  454534. 

Synthetical  preparation  of  ortho-  and  para- 
cresol. — Pure  ortho-  and  para-cresol  can  be 
obtained  by  fusing  the  potassium  salts  of  the 
corresponding  toluenesulphonic  acids  with  alkali 
(Engelhardt  and  Latschinow,  Zeitsch,  Chem. 
1869,  620),  or  by  diazotising  the  corresponding 
toluidines.  For  this  purpose  the  toluidine 
(15  parts)  is  dissolved  in  sulphuric  acid  of  sp.gr, 
P8  (15  parts)  diluted  with  500  parts  of  water, 
treated  with  an  aqueous  solution  of  potassium 
nitrite  (12  parts),  and  the  product  gradually 
heated  with  steam.  The  resulting  cresol  is  then 
distilled  with  steam,  the  distillate  treated  with 
soda  lye,  then  with  sulphuric  acid,  and  the 
liberated  cresol  extracted  with  ether  and  finally 
distilled  in  a current  of  carbon  dioxide  (Tiemann 
and  Schrotter  ; Ihle  {loc.  cit.)). 

Orthocresol  can  also  be  obtained  from  car- 
vacrol  by  treatment  with  phosphorus  pentoxide 
(Kekule,  Ber.  7,  1006).  It  is  crystalline,  sp.gr, 
1‘0512  at  15’5°,  melts  at  30°  (T.  and  S.  ; Ihle  ; I 
Behai  and  Choay,  Compt.  rend.  118,  1211)  ; 
boils  at  188*5°  (B.  and  C.),  188°  (T.  and  S.) 
at  191°  (corr.)  (Perkin,  Chem.  Soc.  Trans.  1896, 
1182  ; Fox  and  Barker  191*8°),  is  soluble  to  the 
extent  of  2*5  vols.  in  100  vols.  of  water,  and 
on  fusion  with  caustic  potash  is  converted  into 
salicylic  acid.  When  nitrated,  it  yields  dinitro- 
orthocresol  (m.p.  86°-87°)  (Nolting  and  Sails, 
Ber.  14,  987).  Refractive  index  at  40°  (/tp) 
1*53719. 

Metacresol  is  prepared  by  heating  thymol 
(100  parts)  with  half  its  weight  of  phosphorus 
pentoxide  for  10-12  hours  until  propylene  ceases 
to  be  evolved,  adding  the  product  to  115-120 
parts  of  fused  alkali,  and  further  heating  the 
fused  mixture  for  5-10  minutes  to  decompose  the 
cresyl  phosphate  formed.  The  fused  mass  is 
then  dissolved  in  water,  treated  with  ether  to 


remove  any  undecomposed  cresyl  phosphate  and 
other  impurities,  acidified  with  hydrochloric  acid, 
and  the  separated  metacresol  extracted  with 
ether,  and  finally  distilled  in  a current  of  carbon 
dioxide  (E.  and  L.  ; T.  and  S.), 

Metacresol  is  also  prepared  from  naphthalene 
1.3.3'-,  1,3,6-,  or  1.3.8-  trisulphonic  acids,  from 
analogous  hydroxy-  or  amino -naphthalene  mono- 
or  di-sulphonic  acids  or  from  trihydroxynaphtha- 
lene  ; e.gr.  1.3.3'-  naphthalene  trisulphonic  acid 
together  with  half  its  weight  of  caustic  soda  and 
three-quarters  of  water,  is  heated  for  5 hours  at 
280°.  The  product  is  poured  into  water,  acidified, 
boiled  to  expel  sulphurous  acid,  and  filtered  : 
w-cresol  separates  out  on  cooling  (Kalle  & Co. 
Eng.  Pat.  16559  ; D.  R,  P.  81484  ; J.  Soc,  Chem. 
Ind.  1895,  1800 ; Hoffmann  La  Roche  and  Co. 
H.  R.  P.  247272).  It  is  ordinarily  a liquid  of 
sp.gr.  1*0387  at  15*5°,  but  can  be  obtained  in 
crystals,  melting  at  2*4°  (Fox  and  Barker)  ; it 
boils  at  202°  (corr.)  (P.)  ; and  is  soluble  to  the 
extent  of  0*53  vol,  in  100  vols.  of  water.  Its 
aqueous  solution  is  coloured  blue  by  ferric 
chloride.  When  fused  with  caustic  potash,  it 
is  converted  into  metahydroxybenzoic  acid,  and 
on  nitration  it  yields  a trinitro-  derivative 
(m.p.  105°-106°)  (Nolting  and  Salis,  Ber.  14, 
987  ; 15,  1858).  Refractive  index  at  40°  (/ip) 
1*53322. 

Paracresol  crystallises  in  prisms,  melts  at  36° 
(Barth,  Annalen,  154,  358  [B.  and  C,]),  36°-37° 
(T.  and  S.),  and  boils  at  198°  (I.),  at  198°-199° 
(T.  and  S.,  B.  and  C.),  at  202°  (corr.)  (P.) ; and 
is  soluble  to  the  extent  of  1*8  vols.  in  100  vols.  of 
water.  Its  aqueous  solution  gives  a blue  colour 
with  ferric  chloride.  When  fused  with  caustic 
potash,  it  is  converted  into  parahydroxybenzoic 
acid,  and  on  nitration  it  yields  a dinitro-  deriva- 
tive (m.p.  85°)  (Richter,  Annalen,  230,  313  ; 
Nolting  and  Salis,  l.c). 

The  crude  cresol,  as  obtained  from  coal  tar, 
is  only  slightly  soluble  in  water,  but  its  solu- 
bility in  an  aqueous  solution  of  potassium 
cresol,  renders  its  employment  as  an  antiseptic 
possible.  This  solution  is  named  solveol  (Lacroix- 
Hunkiabeyendian,  J.  Pharm.  Chim.  28,  34),  The 
crude  cresol  is  also  frequently  mixed  with  soaps, 
and  is  used  in  that  form  for  disinfecting  purposes 
(Hammann,  D.  R,  P.  62129 ; Frdl.  ii.  538 ; 
Holmers,  I).  R.  P.  76133  and  80260 ; Frdl.  iv, 
1119  and  1120;  Raschig,  H.  R.  P.  87275; 
Frdl.  iv.  1121  ; Engler  and  Dieckhoff,  Arch, 
Pharm.  230,  561  ; 232,  351). 

Oxidation  with  peroxides  at  a high  tempera- 
ture converts  the  cresols  into  the  corresponding 
hydroxybenzoic  acids  (Friedlander  and  Low- 
Beer,  D.  R.  P.  170230 ; J.  Soc.  Chem.  Ind.  1907, 
434). 

A mixture  of  nitro-  derivatives,  obtained  by 
sulphonating  coal-tar  cresol  and  nitrating  the 
sodium  salt  of  the  resulting  cresolsulphonic 
acid  with  nitric  acid  of  sp.gr.  1*2,  has  been 
employed,  under  the  names  ‘ Victoria  yellow,’ 

‘ saffron  surrogate,’  as  a dye  for  wool  and 
silk ; and,  although  poisonous  (compare  Weyl, 
Ber.  20,  2835 ; 21,  512),  has  been  used  as 
a colouring  matter  for  butter,  cheese,  &c.  By 
heating  crude  cresol  with  sulphur  and  alkali 
sulphide,  or  with  alkalipoly sulphides,  or  with  a 
mixture  of  sulphur  and  alkalis,  at  a high  tempera- 
ture, brown  sulphur  compounds  are  obtained 
which  are  used  for  dyeing  cotton  (Farb.  vorm. 
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F.  Bayer  & Co.,  D.  R.  P.  102897  ; Chem.  Zentr. 
1899,  ii.  352). 

CRESOLIN.  A disinfectant  composed  of 
crude  phenol  and  rosin  soap. 

CRESOLINE  YELLOW  v.  Azo-  colouring 

MATTERS. 

CRESORCINOL  v.  Phenol  and  its  homo- 

LOGUES. 

CRESOSTERIL.  Acid-o-oxalic  ester  of  m- 
cresoL 

OH  CO,H 

CRESOTIC  ACID  A homo- 

logue  of  salicylic  acid  and  obtained  from 
o-cresol  by  similar  methods  to  those  employed 
in  preparing  salicylic  acid  from  phenol ; m.p. 
163°-164°. 

CRESYLIC  ACID.  The  non-crystallisable, 
higher  boiling  portion  of  the  phenols  obtained 
in  the  purification  of  phenol  (q.v.)  is,  after 
redistillation,  known  commercially  as  cresylic 
acid  or  liquid  carbolic  acid.  It  is  a colourless, 
oily,  refractive  liquid,  does  not  solidify  at  —80°, 
has  a sp.gr.  1*044,  and  consists  of  40  p.c.  meta- 
cresol,  35  p.c.  orthocresol,  and  25  p.c.  paracresol 
(Schulze,  Ber.  1887,  410).  It  is  much  less 
soluble  than  carbolic  acid  in  water,  ammonia, 
glycerol,  or  caustic  soda,  but  more  readily  so  in 
petroleum  spirit.  It  boils  at  a higher  tempera- 
ture (about  185°-203°),  gives  a mixture  of  m- 
tribromo  and  o-  and  p-dibromo  derivatives  with 
bromine.  It  is  even  more  readily  acted  upon  by 
concentrated  sulphuric  and  nitric  acids  than 
carbolic  acid  (Lunge,  Coal  Tar  and  Ammonia, 
ed.  1900,  182  ; v.  also  Allen,  J.  Soc.  Chem.  Ind. 
1890,  141).  Its  antiseptic  properties  are  more 
marked  than  those  of  carbolic  acid  or  of  either 
of  the  three  cresols.  Cf.  Cresol. 

For  a method  of  estimating  phenol  in  com- 
mercial cresylic  acid,  see  Fox  and  Barker  ( J.  Soc. 
Chem.  Ind.  1917,  842  ; 1918,  265  T. 

CRESYL  BLUE  v.  Oxaztne  colouring  mat- 
ters. 

CRETAFORM,  Oxymethyl  cresol  tannin. 

CRISTOBALITE.  A native  form  of  silica 
(SiOg)  crystallising  in  the  cubic  system  (pseudo- 
cubic).  It  was  first  recognised  by  G.  vom  Rath 
in  1886  as  regular  octahedra  up  to  2 mm. 
across,  associated  with  tridymite,  in  cavities  in 
andesite  from  the  Cerro  de  San  Cristobal,  near 
Pachuca  in  Mexico.  It  has  since  been  found  in 
volcanic  ropks  in  the  Rhenish  district.  Central 
France,  and  California,  and  in  certain  meteorites. 
The  milk-white,  translucent  crystals  are  twinned 
and  exhibit  optical  anomalies  ; these  disappear 
suddenly  at  a temperature  of  175°,  the  crystals 
being  then  truly  cubic  ; on  cooling,  the  bire- 
fringence reappears.  Sp.gr.  2*34,  hardness 
6-7,  refractive  index  1*49,  birefringence  0*0005. 

Quartz  when  heated  passes  into  ;8 -tridymite 
at  870°,  and  this  in  turn  passes  into  y8-cristobalite 
(or  metacristobalite,  the  cubic,  optically  isotropic 
modification)  at  1470°.  On  cooling,  the  latter 
passes  into  the  birefringent  a-cristobalite  at 
180°-270°.  The  refractive  index  of  this  artificial 
cristobalite  is  about  1*484,  being  slightly  higher 
than  that  of  tridymite  (1*477);  m.p.  1710°. 
Cubic  crystals  of  silica  have  also  been  obtained 
artificially  by  heating  an  aqueous  solution  of 
colloidal  silica  with  hydrofluoboric  acid  at  200° 
under  a pressure  of  26  atmospheres.  Cristobalite 
has  also  been  detected  in  silica  bricks.  L.  J.  S. 


CRITH,  The  weight  of  a litre  of  hydrogen 
at  0°  and  760  mm.  pressure — viz.  0*0896  gram. 

CROCEIN,  BRILLIANT,  ORANGE,  SCAR- 
LETS, V.  Azo-  COLOURING  MATTERS. 

CROCEINE  ACID,  2-Naphthol-8-sulphonic 
acid.  Used  in  making  croceine  scarlet  and  other 
dyes. 

CROCIDOLITE.  {Krokydoliih,  Ger.)  A 
mineral  of  the  soda-amphibole  group,  consisting 
of  sodium  and  iron  (ferric  and  ferrous)  silicate, 
NaFe'''(Si03)2*Fe''Si03.  It  is  known  only  in  a 
finely  fibrous  form,  its  name,  in  fact,  being  from 
KpoKvs,  KpoKvSos,  wool.  In  the  trade  it  is 
known  as  him  asbestos,  and  it  is  worked  for  the 
same  purposes  as  the  other  varieties  of  asbestos 
{q.v.).  It  is,  however,  more  readily  fusible  (to 
a black  magnetic  glass)  than  are  tremolite- 
asbestos  and  serpentine-asbestos.  The  mineral 
has  been  long  known  from  the  Asbestos  Moun- 
tains near  the  Orange  River  in  Griqualand  West, 
South  Africa,  where  it  occurs  abundantly  as 
veins,  I or  2 inches  in  thickness,  in  jasper- 
schists.  The  closely  aggregated  parallel  fibres 
are  arranged  perpendicularly  or  nearly  so  to  the 
walls  of  the  veins  ; and  the  material  is  extracted 
as  slabs.  It  is  now  extensively  mined  for 
commercial  purposes  (H.  F.  Olds,  Trans.  Inst. 
Mining  and  Metall.  1899,  vii.  122 ; G.  E.  B. 
Frood,  The  Cape  Asbestos  Industry,  Ann. 
Rep.  Govt.  Mining  Engineer,  Dept,  of  Mines, 
S.  Africa,  1915,  and  S.  African  Mining  Journal, 
1916). 

Being  an  alkali  silicate  with  ferrous  iron, 
crocidolite  is  especially  liable  to  decomposition 
when  exposed  to  weathering ; sodium  is  re- 
moved, and  the  iron  oxidised  and  hydrated  to 
form  limonite,  while  the  silica  is  set  free.  There 
then  results  a ferruginous  quartz  possessing  the 
finely  fibrous  structure  of  the  original  mineral ; 
or,  in  other  words,  a pseudomorph  of  quartz 
and  limonite  after  crocidolite.  This  material  is 
coloured  a rich  golden  yellow,  and  displays  a 
silky  lustre,  and  being  at  the  same  time  very 
hard,  it  is  well  adapted  for  ornamental  purposes. 
When  cut  and  polished  with  a convex  surface,  it 
displays  a cat’s -eye  effect,  and  it  is  extensively 
used  for  making  knobs,  umbrella  handles,  beads, 
&c.  Such  material  is  known  as  tiger-eye, 
though,  unfortunately,  in  the  trade  the  name 
crocidolite  is  very  frequently  misapplied  to  it. 
The  name  'pseudo-crocidolite  would  be  more 
appropriate.  In  some  stones  there  has  been 
silicification  without  oxidation,  and  the  indigo- 
blue  colour  of  the  original  crocidolite  has  been 
preserved  : material  of  this  kind  is  known  as 
Tiawlds-eye.  The  stones  have  sometimes  been 
coloured  artificially  by  the  same  processes  as 
adopted  in  the  staining  of  agate  {q.v.). 

L.  J.  S. 

CROCOITE  or  Crocoisite.  Lead  chromate, 
PbCr04,  crystallising  in  the  monoclinic  system. 
The  name  was  originally  given  in  the  French 
form  crocoise  by  F.  S.  Beudant  in  1832,  from 
KpoKos,  saffron ; this  was  later  changed  to 
crocoisite,  and  afterwards  to  the  more  correct 
form  crocoite.  This  mineral  is  the  only  chromate 
of  any  importance  found  in  nature,  and  in  it  the 
element  chromium  was  discovered.  It  is  found 
usually  as  crystals  which  are  bright  hyacinth- 
red  in  colour  with  a brilliant  lustre  ; the  streak 
is  orange-yellow.  On  exposure  to  light  the 
crystals  soon  deteriorate  in  transluceney  and 
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CROCOITE. 


brilliancy.  Sp.gr.  (rO,  H.  2^-3.  Crocoite  is  a 
mineral  of  secondary  origin  in  veins  of  lead  ore 
and  is  often  associated  with  gold.  It  is  found 
at  Beresovsk  in  the  Urals  (where  it  was  dis- 
covered in  1766),  Congonhas  do  Campo  near 
Ouro  Preto  in  Brazil,  Luzon  in  the  Philippines, 
Umtali  in  Rhodesia,  and  as  very  fine  crystals 
at  Dundas  in  Tasmania.  The  mineral  has  been 
used  as  a pigment,  being  identical  in  composition 
with  the  artificial  product  chrome-yellow. 

L J S 

CRONSTEDTITE  v.  Thtjringite. 

CROOKESITE.  A selenide  of  copper,  thal- 
lium (T1  16-18  p.c.),  and  silver  forming  compact 
masses  with  lead-grey  colour  and  metallic  lustre. 
Sp.gr.  6*9,  H.  2^-3.  It  occurs  embedded  in 
calcite  in  the  Skrikerum  mine,  Smaland,  Sweden. 
Although  a rare  mineral  it  is  of  interest  in  being 


one  of  the  few  minerals  containing  thallium  in 
considerable  quantity.  L.  J.  S. 

CROPS,  The  composition  of  crops  may  be 
regarded  from  two  points  of  view : (1)  the 

materials  they  contain,  which  render  them 
valuable  either  as  food  or  as  sources  of  some 
substance  of  commercial  value  ; (2)  the  materials 
they  remove  from  the  soil,  which  must  eventually 
be  replaced  if  the  fertility  of  the  land  is  to  be 
maintained. 

In  Table  I.,  the  composition  of  some  of  the 
principal  crops  grown  in  the  United  Kingdom 
is  set  out,  cereals  being  excluded  because  they 
are  dealt  with  separately.  The  composition  of 
each  of  these  materials  shows  considerable  varia- 
tions, and  the  analyses  given  are  either  typical 
or  the  means  of  a small  number  of  determina- 
tions. 


Table  I. — Proximate  Composition  op  Crops. 


Water 

Crude  fat 

Protein 

crude 

Carbo- 

hydi’ates 

Crude 

fibre 

Ash 

Leguminous  : 

Field  beans  .... 

13-49 

1-68 

25-31 

48-33 

8-06 

3-13 

,,  ,,  haulm  . 

18-40 

1-10 

8-10 

31-00 

36-00 

5-40 

Field  peas  .... 

13-92 

1-89 

23-13 

52-68 

5-68 

2-68 

„ „ haulm 

13-60 

1-60 

9-00 

33-70 

35-50 

6-60 

Clover  hay  .... 

16-50 

2-90 

13-50 

37-10 

24-00 

6-00 

Lucerne  hay  .... 

16-50 

2-60 

14-20 

29-20 

29-50 

8-00 

Vetches,  green 

82-50 

0-50 

3-20 

7-20 

5-10 

1-50 

Root  crops  : 

Potatoes 

74-98 

0-15 

2-08 

21-01 

0-69 

1-09 

Mangolds  .... 

87-50 

0-14 

1-34 

8-90 

0-98 

1-14 

Sugar  beet  .... 

75-00 

0-10 

1-30 

21-40 

1-50 

0-70 

Swede  turnips 

87-80 

0-21 

1-54 

8-22 

1-32 

0-91 

White  turnips 

90-78 

0-22 

1-18 

5-89 

1-13 

0-80 

Fosterton  hybrid  turnips  ^ 

91-30 

— 

0-79 

6-47 

0-94 

0-50 

Aberdeen  yellow  ^ . 

91-09 

— 

1-14 

6-08 

1-03 

0-66 

Carrots  ..... 

86-79 

0-30 

1-23 

9-17 

1-49 

1-02 

Meadow  hav  .... 

14-30 

2-50 

9-70 

41-40 

26-30 

6-20 

Seeds,  hay  .... 

14-30 

2-70 

10-20 

36-10 

30-20 

6-50 

Mustard,  green  .... 

85-10 

0-40 

2-90 

7-30 

2-90 

1-40 

Leguminous  crops.  The  leguminous  seeds 
are  distinguished  by  their  high  protein  content. 
The  proteins  of  the  bean  and  pea  and  similar 
seeds  have  been  studied  by  Ritthausen  (Eiweiss- 
korper  der  Getreidearten,  Bonn,  1872)  and 
Osborne  (J.  Amer.  Chem.  Soc.  1898,  20,  410 ; 
Amer.  J.  Physiol.  (1908,  23,  180,  &c.).  The  most 
abundant  of  these  is  the  so-called  legumin  {q.v.), 
which,  according  to  Osborne,  is  a globulin  con- 
taining lysine.  Lentils  contain  a conglutin 
which  has  been  hydrolysed,  also  some  edestin. 

The  leguminous  seeds  grown  in  this  country 
contain  but  a small  proportion  of  oil,  which  has 
not  received  any  special  examination ; the 
soya  bean,  however,  yields  oil  up  to  20  p.c.,  and 
is  extensively  imported  from  Manchuria  and 
pressed  for  oil  {v.  Soya  bean). 

The  only  carbohydrate  in  beans,  peas,  &c., 
that  has  received  any  attention,  is  the  starch, 
which  is  abundant  and  the  granules  of  which 
possess  characteristic  shapes.  The  ash  of 
leguminous  plants  is  distinguished  by  a large 
proportion  of  lime,  as  may  be  seen  from  analyses 
5-10  in  Table  II. 

1 Aitken,  Trans.  H.  & Ag.  Soc.  1884,  16. 

2 Wilson,  iUd.  1886,  18. 


Root  crops.  In  these  materials,  the  ether 
extract  contains  little,  if  any,  true  fat,  the 
nitrogen- containing  substances  are  also  very  far 
from  being  all  protein ; usually  one-half  or 
more  of  the  nitrogen  present  is  combined  in 
various  non-protein  forms. 

Potatoes.— 'Th.Q  characteristic  carbohydrate  is 
starch,  of  which  there  may  be  over  20  p.c.  ; but 
sugars  (both  sucrose  and  reducing  sugars)  may  be 
present  up  to  1 p.c.,  and  dextrins  or  amylans  are 
also  present  in  about  the  same  amount.  Amongst 
the  nitrogen  compounds  there  are  both  insolu- 
ble and  soluble  proteins,  part  of  the  latter 
being  coagulable  by  heat  or  acids,  and  a large 
range  of  amino-  bodies,  among  which  tyrosin 
has  been  identified.  The  non-protein  nitrogen 
may  amount  to  more  than  half  the  total  nitro- 
gen. The  darkening  of  the  juice  of  a fresh 
potato  is  due  to  the  black  substance  formed  by 
the  oxidation  of  the  tyrosine  under  the  action  of 
an  enzyme,  also  present  in  the  cells.  The 
darkening  of  boiled  potatoes  is  due  to  some 
other  cause  (Ashby,  J.  Agric.  Sci.  1905,  i.  348). 
About  two-thirds  of  the  ash  of  potatoes  consist 
of  phosphoric  acid  and  potash. 

Mangolds. — The  characteristic  carbohydrate 
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present  in  the  mangold  is  sucrose,  which  con- 
stitutes about  8 p.c.  of  the  weight  of  the  root, 
the  total  dry  matter  amounting  to  about  13  p.c. 
About  0*25  p.c.  of  reducing  sugar  is  also  present. 
The  variation  in  the  sugar  content  of  mangolds 
has  been  examined  by  Wood  (J,  Agric.  Sci,  1905, 
1,  176),  who  gives  the  following  table  : — 


Variety 

Yield  per 
acre — tons 

Dry  matter 

p.c; 

Sugar  p.c. 

N itrogen 

p.c. 

White-fleshed  globe 

29-9 

10*7 

J 

6*3 

0*165 

,,  ,,  intermediate 

27-4 

12*0 

7*1 

0*168 

Yellow-fleshed  tankard  . 

24*6 

13*1 

8-0 

0*186 

„ „ globe 

25-0 

13*4 

8*2 

0*191 

Long  red 

29-9 

13*1 

7*9 

0*157 

Of  the  nitrogen  in  mangolds,  only  30-50  p.c. 
is  in  the  protein  form,  20-40  p.c.  is  combined  as 
amide  or  amino-  acid  and  is  liberated  on  hydro- 
lysis as  ammonia,  while  10  p.c.  may  be  in  the 
nitric  form. 

On  storage,  the  mangold  loses  sugar  by 
respiration,  and  some  of  the  sucrose  becomes 
changed  into  reducing  sugar,  a process  which  is 
much  accelerated  as  soon  as  the  temperature 
rises  in  the  spring  {see  Miller,  J.  Roy.  Agric.  Soc, 
1900,  61  ; 1902,  63). 

Sugar  heel. — In  the  sugar  beet,  which  has 
been  derived  from  the  same  species  of  Beta  as 


the  mangold,  the  characteristic  carbohydrate  is 
likewise  sucrose,  which  may  be  present  to  the 
extent  of  20  p.c.  It  is  always  accompanied  by 
a certain  proportion  of  reducing  sugars  (glucose 
and  maltose),  which,  in  well-grown  roots,  should 
not  exceed  1 p.c.  of  the  sucrose. 

The  variations  in  the  amount  and  nature  of 
the  sugars  in  sugar  beet  have  been  subjected  to 
very  detailed  investigation,  for  accounts  of 
which  the  numerous  technical  works  dealing 
with  the  beet-sugar  industry,  should  be  con- 
sulted. F.  Sugar. 

The  nitrogenous  constituents  resemble  those 
of  the  mangold  {see  Lippmann,  Ber.  1896,  29, 
2645). 

Swedes  and  turnips. — In  these  closely  allied 
roots,  the  carbohydrates  consist  of  sugars 
(chiefly  reducing  sugars,  though  few  data  exist) 
and  pectic  bodies  yielding  a mucilage  on  boiling 
with  water.  In  Wilson’s  analyses,  already 
quoted,  the  sugars  averaged  4*72  p.c.  The 
nitrogen  compounds  are  also  largely  non-protein, 
only  from  30  to  50  p.c,  consists  of  protein.  It  is 
generally  considered  that  swedes  and  turnips 
grown  in  the  north  and  especially  in  the  east;  of 
Scotland,  possess  a higher  feeding  value  than  the 
roots  grown  in  the  south  ; analytical  data  to 
confirm  this  opinion  are,  however,  lacking, 
though  it  is  certain  that  much  larger  crops  are 
usually  grown  in  the  cooler  climate  of  the 
north,  where  the  crop  can  be  sown  earlier  with 
success. 

Ash  of  crops.  In  Table  II.  are  collected 
various  analj^ses  of  the  ash  of  the  crops  above 
mentioned. 


Table  II. — Composition  op  the  Ash  op  Farm  Crops. 


Ash  in 
dry 

matter 

N in 
dry 

matter 

CaO 

MgO 

K2O 

NagO 

P2O5 

SO3 

Cl 

CO2 

(M 

0 

1. 

Potatoes  . 

3*99 

0-88 

0-35 

1*53 

3*48 

58-27 

0-06 

12-86 

5*87 

7-27 

11-37 

0-58 

2. 

Mangolds  . 

6*70 

1*31 

0*44 

3*58 

2-13 

35-90 

19-34 

9-34 

3-25 

3-87 

21-43 

0-97 

3. 

Swedes 

5*58 

2-31 

0*61 

12-12 

3-02 

39-17 

5-24 

9-83 

13-49 

2-48 

12-43 

0-72 

4. 

Grass 

7*21 

1*65 

0-49 

12-48 

3-83 

29*76 

4*09 

7-04 

6*17 

8-78 

10-31 

18-32 

5. 

Clover 

8*15 

2-92 

1*03 

37-37 

5-10 

13-10 

0-58 

3-75 

1-82 

2-26 

34-96 

0-54 

6. 

Beans,  corn 

3*27 

4*32 

0-48 

5-60 

6-61 

40-58 

2-12 

30-69 

6-35 

2-43 

5-28 

0-41 

7. 

,,  straw 

5*80 

0*94 

1-54 

28-39 

3-12 

8-07 

14-57 

2-31 

3-30 

2-49 

33-68 

3-08 

8.  Peas,  corn 

2*53 

3-87 

0-07 

5-74 

8-97 

44-31 

0-39 

29-30 

10-42 

0-45 

- — - 

0-37 

9. 

,,  straw 

5-87 

• — 

1*03 

40-34 

8-30 

11-78 

9-90 

8-26 

6-76 

3-84 

- — 

10-66 

10. 

Lucerne  , 

8*71 

— 

2-68 

24-74 

6-27 

41-91 

1*22 

7-71 

5-63 

8-05 

• — 

3-16 

11. 

Flax,  seed 

3*82 

■ — 

1-54 

10-96 

11-47 

27-85 

4-15 

41-27 

2-01 

0-63 

■ — ■ 

1-47 

12. 

,,  stem 

3*70 

— 

6*62 

25-16 

4-99 

25-56 

10-16 

8-94 

4-02 

6-64 

— 

9-40 

13.  Hops,  cones 

11*25 

— 

1-80 

16*77 

5-66 

28-35 

1-99 

13*73 

5-01 

4-35 

— 

22*32 

14. 

„ leaves 

18-00 

— 

0*64 

40-17 

5-32 

13-65 

3-79 

7-82 

3-49 

4-02 

— 

22-21 

15. 

,,  stems 

4*70 

— 

1-07 

29*59 

8-34 

26*18 

5-06 

11-23 

3-41 

8-87 

— 

8*29 

16. 

Tobacco  . 

16*27 

— 

2*93 

42-34 

11-22 

17-48 

4-26 

3-22 

4-28 

4-87 

— — 

10-11 

Analyses  8-16  are  means  taken  from  Wolff’s 
Aschen-analysen,  and  have  been  recalculated  to 
exclude  the  carbon  dioxide  present  in  the  ash, 
as  obtained  after  burning.  Analyses  1-7  are 
selected  from  the  Rothamsted  records. 

Materials  removed  from  the  land  by  average 
crops.  Table  III.,  compiled  by  Warington 
from  Rothamsted  data,  shows  the  amount  of  the 
three  important  constituents — nitrogen,  phos- 
phoric acid,  and  potash,  which  would  be  con- 
tained in  an  average  crop  of  the  magnitude 
indicated,  and  therefore  have  been  removed 


from  the  soil  by  the  crop,  except  in  the  case  of 
the  nitrogen  contained  in  leguminous  crops. 

A comparison  of  these  figures  with  the 
amount  of  fertilising  material  usually  provided 
for  the  crops  in  question,  or  the  effects  of 
particular  manures  in  field  experiments,  serves 
to  show  that  the  data  contained  in  Table  III. 
afford  no  guidance  in  deciding  the  appropriate 
manure  for  each  crop. 

The  earliest  theory  of  plant  manuring,  that 
of  Liebig,  supposed  that  the  requirements  of 
the  plant  can  best  be  satisfied  by  applying  to 
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Tablb  ni. — Amount  op  Fertilising  Constituents  per  Acre  removed  bv  an  Average  Crop. 


Wheat,  30  bushels,  straw  28  cwts. 
Barley,  40  „ „ 22  „ 

Oats,  45  „ ,,  25  „ 

Maize,  30  „ „ 19  „ 

Meadow  hay,  1^  tons 
Red  clover  hay,  2 tons 
Beans,  30  bushels,  straw  20  cwts. 
Turnips,  17  tons,  leaf  5 tons  . 
Swedes,  14  „ „ 2 

Mangolds,  22  „ „ 8 „ 

Potatoes,  6 ,,  tubers 


the  land  exactly  the  constituents  taken  away 
by  a good  crop  of  that  particular  kind  ; but  the 
results  of  the  Rothamsted  experiments,  con- 
firmed by  general  farming  experience,  very  soon 
showed  that  this  view  was  incorrect,  because  it 
failed  to  take  into  account  the  enormous  amount 
of  plant  food  contained  in  the  soil,  more  or  less 
of  which  would  reach  the  plant  according  to  the 
method  of  cultivation  and  the  plant’s  habit  of 
growth.  Moreover,  in  practical  farming  the 
supply  of  manure  is  largely  determined  by  the 
place  the  crop  occupies  in  the  rotation  and 
the  treatment  which  has  been  given  to  the 
previous  crops.  To  take  an  example,  wheat 
and  barley  withdraw  almost  the  same  fertilising 
materials  from  the  soil,  yet  all  farming  ex- 
perience goes  to  show  that  the  yield  of  wheat 
is  chiefly  determined  by  the  supply  of  nitrogen. 
If  this  element  is  present  in  sufficient  quantity 
the  wheat  plant  with  its  long  period  of  growth 
is  usually  able  to  satisfy  its  requirements  for 
phosphoric  acid  and  potash  from  the  soil.  With 
barley,  nitrogen  is  still  a most  important  element 
in  nutrition,  but  phosphoric  acid  also  exerts  a 
striking  beneficial  action  and  is  a necessary 
element  in  the  fertiliser.  Neither  for  wheat  nor 
barley  need  potash  be  supplied  except  on  very 
light  soils.  A still  more  noteworthy  example  is 
provided  by  the  swede  turnip  erop.  The  table 
shows  that  an  average  crop  will  take  away  from 
the  soil  about  100  lbs.  of  nitrogen,  20  lbs.  of 
phosphoric  acid  and  80  lbs.  of  potash,  yet  the 
usual  fertilisers  applied  to  swedes  consist  almost 
wholly  of  phosphatic  compounds,  with  a com- 
paratively small  amount  of  nitrogen  and  no 
potash.  The  majority  of  the  swedes  grown  in 
this  country  receive  from  50  to  100  lbs.  of 
phosphoric  acid  (i.e.  about  5 cwt.  of  super- 
phosphate or  basic  slag),  and  the  small  quantity 
of  nitrogen  that  would  be  provided  by  a light 
dressing  of  farmyard  manure  or  half  a hundred- 
weight of  sulphate  of  ammonia.  The  fertiliser 
requirements  of  a crop  are  in  fact  conditioned 
by  its  specific  habit  and  by  the  soil  (q.v.)  rather 
than  by  its  composition.  Certain  broad  charac- 
ters may  be  distinguished.  Cereal  crops  possess 
eonsiderable  powers  of  obtaining  the  phosphoric 
acid  and  potash  reserves  in  the  soil  provided 
they  are  well  supplied  with  active  forms  of 
nitrogen.  Leguminous  crops  rarely  require  a 
nitrogenous  fertiliser,  but  respond  to  mineral 
fertilisers  and  particularly  to  potash,  the  soil 
also  should  be  neutral  and  well  supplied  with 
lime.  Cruciferous  crops  are  particularly  de- 


Weight of 
crop,  dry 

Nitrogen 

Potash 

Phosphoric 

acid 

lbs. 

lbs. 

lbs. 

lbs. 

4183 

50 

28-8 

21-1 

3827 

49 

35-7 

20-7 

3978 

52 

46-1 

19-4 

3377 

43 

36-3 

18-0 

2822 

49 

50-9 

12  3 

3763 

98  1 

83-4 

24-9 

3461 

107  1 

67-1 

29-1 

4657 

110 

148-8 

33-1 

4055 

98 

79-7 

21-7 

7568 

149 

300-7 

52-9 

3360 

46 

76-5 

21-5 

pendent  upon  an  abundant  supply  of  phosphoric 
acid.  Crops  elaborating  a considerable  amount 
of  carbohydrate,  e.g.  mangolds  and  potatoes, 
require  potash.  In  general  it  may  be  said  that 
nitrogen  promotes  leafy  development,  phosphoric 
acid  maturity,  and  potash  carbohydrate  forma- 
tion and  continued  growth.  A.  D.  H. 

CROTON  OIL  is  obtained  from  the  seeds  of 
Croton  Tiglium  (Linn.),  a tree  belonging  to  the 
Eu'phorhiacecB,  indigenous  to  the  Malabar 
coast,  and  cultivated  in  Southern  Asia  and 
China.  The  seeds  contain  53-56  p.c.  of  oil. 

The  oil  has  an  amber-yellow,  orange,  or 
brown  colour,  according  to  its  age ; it  has  a 
nauseous  odour,  a burning  taste,  and  acts  as  a 
very  powerful  purgative.  It  blisters  the  skin 
and  mucous  membrane. 

The  chemical  composition  of  croton  oil 
differs  so  widely  from  that  of  all  other  oils,  that 
its  recognition,  by  means  of  the  * quantitative 
reactions  ’ {see  Oils  and  Fats),  is  easy.  It 
contains  a considerable  amount  of  volatile 
acids  ; hence  its  Reichert-Meissl  value  is  about 
13  ; its  iodine  value  is  102-106.  Saponification 
value,  210-215 ; and  specific  gravity,  O' 940  to 
0’960.  Croton  oil  is  strongly  dextro-rotatory 
(-f  14-5°  to  16-4°). 

The  variations  in  the  recorded  values  are 
mainly  attributable  to  different  methods  of 
extraction.  Croton  oil  contains  the  glycerides 
of  tiglic  acid,  and  of  butyric,  caproic,  lauric, 
myristic  and  palmitic  acids,  and  probably  also 
oleic  acid.  The  vesicating  principle  is  a resinous 
substance,  Ci3Hij,04  (Dunstan  and  Boole,  Proc. 
Roy.  Soc.  1895,  58,  238). 

CROWBERRY  {Empetrum  nigrum).  The 
leaves  of  the  crowberry  contain  a wax  composed 
of  ceryl  cerotate,  benzoic  acid,  urson,  tannin, 
dextrose  and  probably  rutin.  The  anhydrous 
urson  CioHifiO  is  identical  with  that  obtained 
from  the  leaves  of  Uva  Ursi.  Empetrum  nigrum 
contains  no  alkaloids,  andromedextrins  or  glu- 
cosides  decomposed  by  emulsion  (Van  Itallie, 
Pharm.  Weekblad,  1918,  55,  709)  . 

CROWN  GLASS  i;.  Glass. 

CRUCIBLES.  A perfect  crucible  should 
withstand  the  highest  temperatures  without 
fusion,  should  bear  sudden  changes  of  tempera- 
ture without  fracture,  and  should  be  unacted 
upon  by  the  materials  which  are  to  be  heated  in 
it.  A semi-automatic  apparatus  for  moulding 
crucibles  has  been  patented  by  Sims  (Eng.  Pat. 
445,  1888). 

1 Wholly  or  in  part  derived  from  the  atmosphere. 
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Clay  crucibles  are  prepared  from  selected 
clay  ; of  the  Stourbridge  clay  worked,  only  about 
5 p,c.  is  avtailable  for  this  purpose.  Its  plasticity 
is  much  increased  by  exposure  for  some  months 
in  a moist  condition  to  the  air.  During  this 
process  of  ‘ weathering  ’ it  becomes  disintegrated, 
and  the  removal  of  foreign  matter  is  thereby 
facilitated.  The  presence  of  iron  pyrites  is  es- 
pecially injrrrious  ; furnace  gases  convert  it  into 
the  oxide  which  acts  as  a flux  and  forms  cavities 
in  the  crucible.  Lime  is  also  hurtful,  except 
when  in  very  small  quantities  and  uniformly 
distributed.  Potash  and  soda  are  invariably 
present  in  clay,  and  when  in  small  quantity 
increase  the  coherence  of  the  crucible  without 
appreciably  impairing  its  power  of  withstanding 
the  action  of  heat. 

In  order  to  reduce  the  tendency  to  crack,  and 
to  increase  its  refractory  character,  the  clay  is 
usually  mixed  with  sand,  ground  flints,  burnt 
clay  (old  broken  crucibles),  graphite  or  coke. 
These,  which  are  either  less  fusible  than  the  clay 
or  altogether  infusible,  form  a skeleton  which 
upholds  and  prevents  deformation  of  the 
crucibles  at  temperatures  at  which  the  clay 
would  tend  to  fuse.  The  most  refractory 
crucibles  contain  the  largest  proportion  of 
silica. 

The  clay,  which  should  be  of  the  greatest 
possible  fineness,  is  well  beaten  to  remove  air 
bubbles  and  mixed  with  the  proper  quantity  of 
the  refractory  material.  According  to  Berthier 
(Traite  des  Essais,  1,  66),  when  silica  is  used,  it 
should  not  be  too  fine,  as  the  tendency  to  com- 
bine with  the  clay  and  thus  increase  the  fusibility 
would  thereby  be  increased.  Crucibles  of  fine 
grain  are  also  more  liable  to  fracture. 

Small  crucibles  are  usually  baked  in  a kiln, 
but  the  large  casting  pots  of  Stourbridge  clay 
are  not  baked  until  immediately  before  use. 
When  the  temperature  of  the  baking  is  high, 
the  crucible  is  more  liable  to  fracture  on  re- 
heating. 

All  clay  crucibles  are  more  or  less  acted  upon 
by  litharge,  but  metals  and  most  ores  may  be 
heated  in  them  without  danger.  Berthier  re- 
commends a lining  of  such  material  as  silica. 


alumina,  or  magnesia  previously  moistened. 
A lining  of  chalk  renders  a crucible  less  per- 
meable to  litharge. 

Queneau  recommends  lining  clay  crucibles, 
before  drying,  with  some  substance  which  will 
resist  the  chemical  reactions  for  which  they  are 
designed  and  then  compressing  strongly,  drying, 
and  firing  (Er.  Pat.  354319 ; J.  Soc.  Chem.  Ind. 
1905,  1071). 

Crucibles  may  be  rendered  non-porous  by 
treating  with  ferrous  sulphate  solution  and  firing 
(Mitchell,  U.S.  Pat.  894845  ; J.  Soc.  Chem.  Ind. 
1908,  886)  or  by  the  addition  to  the  clay  of 
chromic  oxide,  chromites  or  chrome  iron  ore, 
which  also  renders  them  much  more  refractory 
(Bach,  Eng.  Pat.  24041,  1903  ; Klein,  U.S.  Pat. 
787770  ; Seigle,  Fr.  Pat.  383593  ; and  Placet, 
Eng.  Pat.  28728,  1896). 

The  fracture  of  crucibles  by  expansion  of 
solidifying  metal  can  be  prevented  by  lining 
with  friable  material  (Colby,  U.S.  Pat.  830208  ; 
J.  Soc.  Chem.  Ind.  1906,  934). 

Goldschmidt  recommends  that  crucibles  for 
the  ‘ Thermit  ’ process  should  be  lined  with  a 
mixture  of  magnesia  or  carborundum  and  soluble 
glass  (Fr.  Pat.  354597  ; J.  Soc.  Chem.  Ind.  1905, 
1114). 

Very  large  crucibles  may  be  built  up  from 
cvlinders  or  annular  rings  of  refractorv  material, 
provided  arrangements  are  made  for  tapping  the 
contents  without  moving  the  crucible  (Reynolds, 
Eng.  Pat.  1004,  1901  ; Rousseau,  Eng.  Pat. 
7451,  1902). 

Stourbridge  clay  crucibles  are  made  from  a 
mixture  of  raw  ground  clay  with  about  one-half 
its  weight  of  powdered,  sifted,  old  glass  pots, 
from  which  all  adherent  glass  has  been  re- 
moved, the  mixture  being  made  in  a disc  mill, 
and  kneaded  to  the  proper  consistency.  Percy 
gives  the  composition  of  the  Stourbridge  clay 
used  for  the  best  crucibles  as  silica,  79 '25 ; 
alumina,  13‘57  ; iron  oxide,  1'38;  lime,  0'08  ; 
magnesia,  0*42  ; water,  5'IL 

The  following  analyses  show  the  composition 
of  certain  varieties  of  crucibles.  Nos.  1-7  are 
by  Berthier,  No.  8 by  Dick,  Nos.  9-12  by  Brand, 
and  Nos.  13-15  by  Mene  : — 


Silica 

Alu- 

miaa 

Iron 

oxide 

Mag- 

nesia 

Lime 

Potash 

Sul- 

phur 

1 

Carbon 

Water 

1.  French,  made  by  Beaufay 
at  Paris 

64*6 

34-4 

1-0 

2.  French,  made  by  Deyeux 
at  Savignies 

72-3 

19-5 

3-9 

■ 

1-8 

3.  Hessian 

70-9 

24-8 

3-8 

trace 

— 

■ — 

— 

— 

4.  English  steel 

71-0 

23-0 

4-0 

0 

— 

— 

— 

— 

5.  St.  Etienne  steel  . 

65-2 

25-0 

7-2 

trace 

— 

— 

— 

— 

— 

6.  Glass  pots,  Nemours 

67-4 

32-0 

0-8 

trace 

. — 

- — 

— 

— 

— 

7.  „ ,,  Bohemia 

68-0 

29-0 

2-2 

0-50 

— 

— 

— 

— 

— 

8.  Cornish,  made  by  Juleff 

72-39 

25-32 

1-07 

trace 

0-38 

1-14 

■ — 

— 

— 

9.  Steel  crucible  ; clay 

53-92 

40-57 

— 

— 

. — 

. — • 

0-230 

- — 

— 

10.  „ ,,  coke  clay 

42-78 

34-71 

— 

— 

— 

0-490 

18-60 

- — 

11.  ,,  ,,  graphite  . 

24-63 

27-89 

— 

— 

- — 

— 

0-270 

40-43 

— 

12.  Magnesia 

4-80 

2-49 

— 

92-62  ; 

- — 

— 

0-099 

— 

— 

13.  English  blacklead  . 

51-4 

22-0 

3-5 

j 

0-2 

— 

— 

20-0 

1-8 

14.  Ditto  .... 

45-1 

16-65 

0-95 

j 

— 

— 

— 

34-5 

2-5 

15.  Ditto 

50-0 

20-0 

1-5 

j 

0-5 

■■ 

25-5 

3-0 

Hessian  crucibles  are  composed  of  equal 
weights  of  Almerode  clay  and  sand.  They  are 


usually  triangular,  of  coarse  texture,  porous, 
rapidly  destroyed  by  litharge,  and  liable  to 


426 


CRUCIBLES. 


fracture  on  sudden  change  of  temperature,  but 
will  withstand  a very  higli  degree  of  heat. 

French  crucibles  are  made  from  a mixture  of 
1 part  raw  Ardennes  clay  and  2 parts  of  the 
same  which  has  been  burnt.  They  are  refractory 
and  of  fine  texture. 

Cornish  crucibles  are  largely  used  for  copper 
assaying.  They  are  round,  of  coarse  grain,  and 
of  a mottled  greyish-white  colour.  They  are 
kiln- burnt,  and  withstand  sudden  changes  of 
temperature,  but  cannot  be  heated  to  whiteness. 
Cornish  crucibles  are  now  made  by  the  Morgan 
Crucible  Company  at  Battersea. 

London  crucibles  are  of  reddish-brown  colour 
and  close  texture.  They  will  not  stand  sudden 
change  of  temperature,  but  withstand  the  action 
of  litharge  fairly  well. 

Silica  crucibles  may  be  made  of  powdered 
silica,  mixed  with  a highly  absorbent  substance, 
e.g.  kieselguhr,  saturatecT  with  water  (Sankey, 
Eng.  Pat.  3353,  1906  ; J.  Soc.  Chem.  Ind.  1907, 
96).  Sand,  mixed  with  a small  proportion  of 
cement  and  water,  moulded,  dried,  and  heated 
to  the  fusing-point  of  the  sand,  forms  a very 
refractory  material  (Reppey,  U.S.  Pat.  905295  ; 
J.  Soc.  Chem.  Ind.  1909,  24).  A mixture  of 
sand  with  a little  lime  may  be  used  (Berglund, 
Fr.  Pat.  366830  ; J.  Soc.  Chem.  Ind.  1906,  1081). 

White  fluxing  pots  are  made  by  the  Mor- 
gan Company  from  a highly  refractory  fire- 
clay from  Rouen.  Crucibles  containing  carbon 
are  now  largely  used.  For  very  high  tem- 
peratures, crucibles  cut  from  a block  of  gas 
carbon  or  similar  material  may  be  employed. 
Clay  crucibles  may  also  be  filled  with  a moist 
mixture  of  charcoal  with  starch,  treacle,  gum- 
water,  or  oil,  or,  for  large  crucibles,  gas  tar. 
The  mass  is  forced  with  considerable  pressure 
into  the  crucible  and  is  then  cut  out,  leaving  a 
coating  of  about  | inch  in  thickness,  or  the  coat- 
ing is  put  into  the  crucible  and  smoothed  with 
a glass  rod.  The  crucible  is  then  filled  with 
powdered  charcoal  and  heated  to  redness. 

Graphite  crucibles.  For  the  fusion  of  metals, 
plumbago  or  coke  crucibles  are  of  great  value,  but 
they  are  not  largely  used  for  assaying.  At  the 
Battersea  works,  the  following  process  of  manu- 
facture is  employed  : hand-picked  Ceylon  plum- 
bago is  ground,  sifted,  digested  with  dilute 
sulphuric  acid  to  remove  the  greater  part  of  the 
iron,  and  mixed  and  kneaded  to  a stiff  paste, 
with  about  an  equal  weight  of  fine  fireclay.  The 
mixture  is  passed  through  a pug-mill,  and  is  cut 
into  blocks.  When  required  for  use,  the  blocks 
are  again  passed  through  the  mill,  and  made  by 
hand  on  a wheel  or  moulded  by  machinery.  They 
are  then  dried  and  baked  in  saggars.  These  cru- 
cibles may  be  protected  from  oxidation  by  lining 
them  with  clay  ( Woolf ord,  Eng.  Pat.  24479, 1898; 
J.  Soc.  Chem.  Ind.  1900,  52  ; McDonald,  U.S. 
Pat.  828954;  J.  Soc.  Chem.  Ind.  1906,  911). 

They  are  of  fine  grain,  and  will  withstand 
the  highest  temperatures  and  repeated  sudden 
changes.  The  graphite  is  slowly  oxidised  by 
metallic  oxides  or  by  the  furnace  gases.  To 
minimise  this,  the  crucible  may  be  coated  by 
dipping  in  a paste  of  clay  and  solution  of  borax. 
Any  iron  which  is  present  in  the  graphite  is 
liable  to  become  introduced  into  the  melt,  and 
the  carbon  itself  combines  with  iron  or  steel 
{v.  Brand,  Chem.  Zentr.  15,  407 ; and  Dingl. 
poly.  J.  256,  227). 


Tar,  rosin,  &c.,  may  be  used  to  bind  the  clay 
and  graphite  in  manufacturing  these  crucibles 
(Putz,  D.  R.  P.  181979 ; J.  Soc.  Chem.  Ind. 
1907,  1030).  Digby  recommends  (Eng.  Pat. 
3661,  1893)  the  following  composition  : — 

Plumbago,  17-mesh  granules  . 17  parts 
Plumbago,  80-  ,, 

Russian  clay 
China-stone . 

Gas  carbon  . 

The  last  three  ingredients  are  ground  and 
mixed  with  water  and  then  the  plumbago  is 
added  and  the  crucibles  formed,  dried  at  65° 
and  baked. 

Salamander  crucibles,  made  by  the  Morgan 
Company,  contain  a much  smaller  proportion  of 
carbon.  They  withstand  sudden  changes  of 
temperature  perfectly. 

Lime  crucibles  are  cut  from  blocks  of  well- 
burnt  (preferably  slightly  hydraulic)  lime. 

Magnesia  was  introduced  by  Caron  as  a 
refractory  basic  material  for  making  crucibles 
or  for  lining  reverberatory  furnaces  for  melt- 
ing and  dephosphorising  steel.  Magnesia  con- 
tracts considerably  when  heated ; it  is  there- 
fore necessary,  before  making  it  into  bricks  or 
crucibles,  to  expose  it  to  a higher  temperature 
than  that  to  which  it  will  be  heated.  The 
strongly  calcined  magnesia  is  made  into  a paste 
with  15-30  p.c.  of  raw  (slightly  calcined)  mag- 
nesia, and  10-15  p.c.  of  water,  and  is  moulded, 
dried,  and  baked  at  a red  heat.  The  highly 
heated  magnesia  would  not  cohere  without 
admixture  with  the  raw  material.  Magnesia 
crucibles  are  not  injured  by  exposure  to  the 
atmosphere.  Gaudin  makes  crucibles  from  a 
mixture  of  1 part  magnesia  and  1 part  bauxite. 
They  may  also  be  formed  from  a mixture  of 
calcined  magnesite  with  from  2 p.c.  to  12  p.c.  of 
a boron  compound  (according  to  the  amount  of 
calcium  present),  moistened,  moulded,  dried  and 
fired  at  a high  temperature  (Rawson  and  Little- 
field, Eng.  Pat.  16004,  1900 ; J.  Soc.  Chem.  Ind. 
1901,  992,  and  ibid.  1902,  52).  The  product  is 
said  to  resist  molten  litharge.  Porous  crucibles 
for  metal  refining,  are  made  from  a similar 
mixture  with  the  addition  of  sawdust  (Dobell, 
Eng.  Pat.  10715,  1897). 

Alumina  crucibles  withstand  sudden  changes 
of  temperature,  and  are  not  affected  by  the 
materials  fused,  even  sodium  being  without 
action.  According  to  Deville’s  process  (Ann. 
Chim.  Phys.  [3]  46,  195),  alumina  precipitated  at 
low  temperature  from  ammonia  alum  solution  is 
mixed  with  an  equal  weight  of  powdered  marble, 
and  is  exposed  to  the  highest  temperature  of  a 
wind  furnace.  The  mixture  so  produced,  which 
may  be  considered  as  consisting  of  calcium 
aluminate,  is  mixed  with  its  own  weight  of 
moist,  precipitated  alumina,  and  is  made  into  a 
crucible,  dried  and  baked  {see  also  Caspar, 
U.S.  Pat.  886111  ; J.  Soc.  Chem.  Ind.  1908, 
568).  When  the  crucible  is  required  to  with- 
stand higher  temperatures,  the  amount  of  the 
calcium  aluminate  may  be  reduced,  but  the  f)ro- 
portion  of  lime  should  not  fall  below  10  to 
20  p.c. 

Bauxite  has  been  used  to  replace  alumina. 
It  is  extremely  refractory  {v.  Bauxite,  art. 
Aluminium). 

Carborundum  crucibles  are  infusible  and 


Angostura  Bitters.  It  is  believed  that  Angostura  Bark  does  not  form  a 
constituent.  See  article  on  Liqueurs  and  Cordials  in  Vol.  3. 


CRYOLITE. 


427 


resistant  to  chemical  action  and  have  great 
solidity.  They  may  be  made  from  a mixture  of 
commercial  carborundum  with  sufficient  clay  to 
render  it  plastic  (Velter,  Fr,  Pat.  376179 ; J. 
Soc.  Chem.  Ind.  1907,  1010 ; Engels,  Eng.  Pat. 
14567,  1901). 

A mixture  of  powdered  silica  rock  or  ganister 
with  carborundum  or  amorphous  silicon  carbide, 
may  be  used.  It  is  mixed  with . water-glass 
solution  or  glue,  &c.,  compressed  to  shape  and 
heated  to  the  temperature  of  the  electric  furnace 
(Imray  and  Carborundum  Co.  Eng.  Pat.  19493, 
1902  ; 3308,  1903)  {see  also  Cauborundum). 

{See  further,  Kerl,  Handb.  Thonvaaren  Ind. 
1879,  528-534 ; and  Percy,  Metallurgy  (Fuel, 
&c.),  1875,  110-141). 

CRUMPSALL  YELLOW  v.  Azo-  colouring 

MATTERS. 

CRURIN.  Trade  name  for  quinoline  bis- 
muth thiocyanate,  used  as  an  antigonorrhoic. 

CRYOGENIN.  m - Benzaminsemicarbazide 

H^N— CO— NH-NH-CO-NH^.  Used  as 
an  antipyretic. 

CRYOLITE, — {Kryolith,  Ger.)  A native  fluor- 
ide of  aluminium  and  sodium,  found  almost 
exclusively  in  Greenland,  whence  it  has  been 
sometimes  called  ‘ Greenland  spar.’  The  name 
cryolite,  or  ‘ ice-spar  ’ {Eisstein)  refers  to  the 
general  resemblance  of  the  mineral  to  ice  {Kpvos) 
and  to  its  ready  fusibility  in  a candle-flame. 
The  mineral  was  discovered  by  the  Danes  in 
1794,  and  described  in  the  following  year  by 
Schumacher.  Nearly  all  the  cryolite  of  com- 
merce is  obtained  from  a single  locality  at 
Ivigtut  (or  Evigtok),  on  Arsuk-fjord  in  south- 
west Greenland.  This  locality  was  visited  by 
Giesecke,  and  later  by  J.  W.  Tayler  (Quart. 
Jour.  Geol.  Soc.  12,  140).  The  cryolite  occurs 
as  a large  deposit  in  gneiss,  and  contains 
(especially  near  its  junction  with  the  enclosing 
rock)  a number  of  metallic  minerals,  such  as 
galena,  pyrites,  and  chalybite  {v.  P.  John- 
strup,  N.  Jahrb.  f.  Min.  1886,  1,  Ref.  28 ; 
R.  Baldauf,  Zeitsch.  prakt.  Geol.  1910,  xviii. 
432 ; 0.  B.  B0ggild,  Mineralogia  Groelaaidica, 
Kjbbenhavn,  1905  ; 0.  B.  B0ggild,  Meddelelser 
om  Gr0nland,  1912,  1.  107,  and  Zeitsch.  Kryst. 
Min.,  1913,  li.  591.  G.  P.  Bernard,  The  Cryolite 
Mine  at  Ivigtut,  Greenland,  Mining  Magazine, 
1916,  xiv.  202). 

Cryolite  is  usually  found  in  cleavable  trans- 
lucent masses,  of  snow-white  colour,  with  a 
peculiar  moist-looking  vitreous  lustre  which 
renders  the  mineral  easy  of  recognition.  H.  2'5  ; 
sp.gr.  2 '9-3.  Crystals  are  rare,  and  their  rela- 
tions have  been  the  subject  of  much  discussion  ; 
they  are  cube-like  in  habit,  and  belong  to  the 
monoclinic  system.  There  are  three  perfect 
cleavages  approximately  at  right  angles  to  one 
another.  Although  cryolite  is  usually  white, 
it  is  sometimes  coloured  brown  or  reddish,  and 
is  said  to  pass  downwards,  in  the  Greenland 
deposit,  into  a black  mass.  The  black  variety 
loses  its  colour  when  heated.  Before  the  blow- 
pipe cryolite  fuses  to  a white  enamel. 

The  composition  of  cryolite  may  be  repre- 
sented by  the  formula  3NaF-AlF3  or  NagAlFg. 
This  corresponds  to  12 ‘8  p.c.  Al,  32 '8  Na,  and 
54*4  F.  An  analysis  of  the  Greenland  cryolite 


by  Chodnev  yielded  13 ‘23  p.c.  Al,  and  32 ’71  Na, 
with  0‘83  of  MngOs  and  MgO  ( Verh.  Petersb.  Min. 
Ges.  1845-6,  209).  Durnev  found  in  the  cryolite 
of  Miask  in  the  Urals,  13'41  p.c.  Al,  32’31  Na, 
0'55  FcgOg  and  Mn203,  and  0'35  CaO  (Pogg.  Ann. 
83,  587).  Deville  found  in  the  Greenland  cryo- 
lite 0‘018  p.c.  of  vanadic  acid  and  a small  pro- 
portion of  phosphoric  acid.  An  analysis  of 
cryolite  from  near  Pike’s  Peak,  Colorado,  by 
Cross  and  Hillebrand  yielded  Al  12 '9,  Na  32*4, 
F 53'55,  Fe203  0'4,  Ca  0’28,  HgO  0‘3  (Amer.  J, 
Sci.  1883,  xxvi.  271). 

Cryolite  was  formerly  a rare  mineral,  but 
about  1855  it  was  introduced  into  Europe  com- 
mercially, and  at  once  found  numerous  applica- 
tions in  the  arts.  About  10,000  tons  are 
exported  annually  from  Greenland.  By  heating 
finely  powdered  cryolite  with  sodium  or  with 
magnesium,  J.  Percy  and  A.  Dick  obtained 
metallie  aluminium  (Phil.  Mag.  10,  1855,  364). 
Deville  found  that  fused  cryolite  is  decomposed 
by  the  passage  of  an  electric  current,  with 
elimination  of  free  aluminium.  At  the  present 
time,  aluminium  is  prepared  by  the  electrolysis 
of  bauxite,  but  the  addition  of  some  cryolite  is 
necessary  to  start  the  process  and  to  keep  it  in 
continuous  operation  {v.  Aluminium). 

A wide  range  of  applications  was  suggested 
when  Julius  Thomsen  showed  in  1850  that 
cryolite  is  readily  decomposed  by  heating  with 
calcium  carbonate,  and  that  sodium  aluminate 
may  be  thus  obtained  : 

Al^FfiffiNaF+OCaCOg 

=3Na20'Al203-f6NaF2+6C02 

If  heated  with  quicklime,  a similar  decomposi- 
tion is  effected,  of  course  without  evolution  of 
COg.  The  sodium  aluminate  has  been  used  in 
the  manufacture  of  alum,  and  in  the  preparation 
of  caustic  soda  for  soap  making.  By  lixiviation, 
the  aluminate  is  easily  dissolved  out ; and  by 
the  passage  of  COg  through  the  solution,  Na2C03 
is  obtained,  while  alumina  separates  in  a gela- 
tinous form.  The  decomposition  of  cryolite 
may  also  be  effected  by  boiling  the  finely  pul- 
verised mineral  with  milk  of  lime.  By  adding 
an  excess  of  powdered  cryolite  to  the  resulting 
solution,  the  aluminate  is  decomposed,  the  alu- 
mina being  precipitated,  while  sodium  fluoride 
remains  in  solution  : 

3Na20-Al203+Al2F6-6NaF=2Al203-f  12NaF 

Cryolite  can  be  readily  decomposed  by  the 
action  of  sulphuric  acid,  with  formation  of 
sodium  sulphate,  which  can  be  easily  converted 
into  carbonate  ; but  the  process,  after  trial  at 
Copenhagen,  has  been  abandoned  in  conse- 
quence of  the  inconvenience  arising  from  the 
evolution  of  hydrofluoric  acid  : 

Al2F6-6NaF+6H2S04 

=Al2(S04)3+3Na2S04  + 12HF 

The  manufacture  of  soda  from  cryolite  is 
carried  on  at  Oersund  in  Denmark,  and  at 
Natrona,  near  Pittsburg  in  Pennyslvania.  The 
mineral  is  also  employed  in  the  preparation  of 
enamels  on  iron  and  for  the  manufacture  of  an 
opaline  glass,  somewhat  resembling  porcelain. 
This  glass  may  be  formed  by  fusing  together 
100  parts  of  silica,  35  or  36  of  cryolite,  and  13 
or  14  of  oxide  of  zinc.  C.  Weinreb  has  in- 
vestigated the  cause  of  the  milkiness  of  cryolite 
glass,  and  believes  that  it  is  due  to  the  presence 
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of  aluminium  fluoride,  which  on  the  cooling 
of  the  fused  mass,  separates  in  a highly  com- 
minuted condition,  and  being  distributed 
through  the  glass  renders  it  more  or  less  opaque 
(Dingl.  poly.  J.  256,  361).  L.  J.  S. 

CRYOLITHIONITE.  Fluoride  of  lithium, 
sodium,  and  aluminium,  Li3Na3Al2Fi2>  remark- 
able in  containing  a higher  percentage  of 
lithium  (5 ’35  p.c.)  than  any  other  mineral.  It 
occurs  as  large,  colourless,  rhombic-dodecahedra 
embedded  in  the  cryolite  deposit  at  Ivigtut  in 
Greenland.  Sp.gr.  2‘77 ; H.  2^-3;  1’3395; 

m.p.  710°.  The  mineral  dissolves  in  1360  parts 
of  water  at  18°,  and  from  this  solution  crystallises 
as  cubes.  L.  J.  S. 

CRYOSCOPY.  So  long  ago  as  1788  Blagden 
proved  that  the  extent  to  which  the  freezing 
point  of  an  aqueous  solution  lies  below  that  of 
water — the  depression  of  the  freezing  point,  as  it 
is  called — is  proportional  to  the  concentration  of 
the  dissolved  substance.  Nearly  a century  later, 
the  researches  of  de  Coppet  and  Raoult  showed 
that  when  equimolecular  proportions  of  different 
substances  are  dissolved  in  equal  quantities  of  a 
given  solvent,  the  solutions  so  obtained  have,  in 
general,  the  same  freezing  point.  It  is  on  these 
facts  that  the  use  of  the  cryoscopic  method  of 
determining  the  molecular  weights  of  dissolved 
substances  is  based. 

In  comparing  the  effects  of  different  sub- 
stances on  the  freezing  point  of  a given  solvent, 
it  is  obviously  convenient,  in  view  of  de  Coppet’s 
and  Raoult’s  results,  to  refer  these  effects  to 
1 gram  molecule  of  solute  and  to  some  deflnite 
quantity  of  the  solvent ; in  practice,  100  grams 
of  the  latter  are  taken  as  the  standard  amount. 
The  depression  of  the  freezing  point  for  such  a 
concentrated  solution  as  one  containing  1 gram, 
molecule  of  solute  in  100  grams  of  solvent 
cannot  be  determined  directly  : it  is  calculated 
from  the  depression  observed  for  a dilute  solu- 
tion, on  the  basis  of  the  proportionality  between 
depression  and  concentration.  An  example 
may  be  taken  to  illustrate  this  point.  A solu- 
tion containing  0'609  gram  of  ethyl  alcohol  in 
100  grams  of  water  freezes  0‘243°  below  the 
freezing  point  of  water ; from  these  data  it 
follows,  if  proportionality  between  depression 
and  concentration  is  assumed,  that  the  de- 
pression for  a solution  containing  1 gram 
molecule  of  alcohol  in  100  grams  of  water  would 

be  Again,  a solution  of 

4’276  grams  of  sucrose  in  100  grams  of  water, 
freezes  0'237°  below  the  freezing  point  of  water ; 
from  these  data  it  follows,  as  above,  that  the 
depression  for  a solution  containing  1 gram 
molecule  of  sucrose  in  100  grams  of  water  would 

be  ^ ~ If  depressions  pro- 

duced by  1 gram  molecule  of  other  non-electro- 
lytes in  100  grams  of  water  are  similarly  calcu- 
lated from  experimental  data,  values  are  ob- 
tained which  are  very  close  to  the  figures  already 
quoted.  The  depression,  therefore,  for  a solu- 
tion eontaining  1 gram  molecule  of  non-electro- 
lyte in  100  grams  of  water  is  a constant, 
independent  of  the  particular  solute ; the 
average  value  of  the  constant  for  water,  de- 
duced in  the  empirical  way  just  described,  is 
18-5°. 

For  each  solvent,  a eharacteristic  constant 


(k)  can  be  similarly  deduced  from  experimental 
data.  The  evaluation  of  this  constant — the 
‘ molecular  depression  of  the  freezing  point  ’ — 
is  effected,  as  illustrated  above,  by  the  formula 

where  Ai  is  the  depression  of  freezing 

point  observed  for  a solution  eontaining  g grams 
of  solute  in  100  grams  of  solvent,  and  M is  the 
molecular  weight  of  the  solute. 

It  has  been  shown  by  van’t  Hoff  that,  on 
thermodynamical  grounds,  the  molecular  de- 
pression of  the  freezing  point  for  any  solvent  is 
quantitatively  related  to  the  temperature  of 
freezing  and  to  the  latent  heat  of  fusion.  The 
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relationship  in  question  is  k— , where 

T is  the  freezing  point  of  the  solvent  on  the 
absolute  scale,  and  w is  the  latent  heat  of  fusion 
per  gram  of  the  solvent.  The  following  table 
shows  how  far  the  values  of  the  molecular  de- 
pression, calculated  for  various  solvents  by 
van’t  Hoff’s  formula,  are  in  agreement  with 
those  deduced  empirically  : — 


k 

k 

Solvent 

Empirical 

Calculated 

Water 

. 18-5° 

18-6° 

Formic  acid 

. 28° 

27-5° 

Acetic  acid 

. 39° 

38-5° 

Benzene  . 

. 60° 

52° 

Naphthalene 

. 68-5° 

69° 

^•Toluidine 

. 63° 

51° 

Phenol 

. 75° 

74° 

The  formula 

^^_0019^  is  based  on  the 

W 


assumption  that,  when  a solution  freezes,  it  is 
the  pure  solid  solvent  which  crystallises  out.  It 
is  not  surprising,  therefore,  that  in  cases  where 
the  crystals  separating  from  the  solution  contain 
some  of  the  dissolved  substance,  e.g.  solutions  of 
thiophene  in  benzene,  the  empirical  value  for 
the  molecular  depression,  deduced  in  the  usual 
way,  differs  eonsiderably  from  the  normal  value. 
In  such  cases  the  depression  observed  is  smaller 
than  it  would  be  if  the  pure  solid  solvent 
separated  out. 

When  the  value  of  ^ for  any  solvent  has  been 
ascertained,  either  empirically  by  experiments 
with  normal  substances  of  known  molecular 
weight,  or  indirectly  by  van’t  Hoff’s  formula, 
it  may  be  utilised  in  determining  the  molecular 
weights  of  new  substances.  For  this  purpose, 

the  formula  ^=^Ai  is  employed,  but  now  k is 

taken  as  known,  and  M is  the  quantity  to  be 
evaluated  : in  view  of  this,  the  equation  may  be 

written  M= 

At 

It  is  evident  that  a determination  of  the 
molecular  weight  of  a dissolved  substance  by 
the  eryoscopic  method  depends,  not  on  the 
absolute  freezing  temperature  of  the  solution, 
but  on  the  difference  between  the  freezing  point 
of  the  solvent  and  that  of  the  solution.  This 
difference  can  be  determined  with  greater , 
accuracy  than  can  the  freezing  temperatures 
themselves.  A thermometer  with  a very  open 
scale,  eovering  only  5°-6°,  is  employed,  and  it  is 
convenient,  as  suggested  by  Beckmann,  to  have 
a reservoir  attached  to  the  upper  end  of  the 
thermometer  tube,  so  that  the  quantity  of 
mercury  in  the  bulb  and  stem  may  be  varied 
according  to  requirements.  This  device  permits 


CRYOSCOPY. 


429 


tlie  use  of  one  and  the  same  thermometer  at 
different  temperatures,  and  therefore  with 
various  solvents.  In  Beckmann’s  thermometer, 
which  is  the  one  usually  employed  in  cryoscopic 
investigations,  the  scale  degree  is  about  4 cm. 
in  length  and  is  divided  in  hundredths  : with 
the  aid  of  a lens,  preferably  adapted  for  sliding 
up  and  down  the  stem,  it  is  possible  to  estimate 
0'001°.  The  form  of  the  reservoir  attached 
to  the  upper  end  of  the  ordinary  Beckmann 
thermometer  is  shown  in  the  accompanying 
sketch.  When  it  is  desired  to  adjust  the 
thermometer  for  experiments  with  any  given 
solvent,  the  bulb  is  immersed  in  water  of  the 
same  temperature  as  the  freezing  point  of 
the  solvent.  If  the  top  of  the  mercury  thread 
should  reach  a steady  position  on 
the  upper  half  of  the  scale,  no 
further  adjustment  is  needed. 
Should  the  mercury,  after  suffi- 
cient time  has  been  allowed,  ex- 
tend beyond  the  scale  and  into 
the  reservoir,  it  is  necessary  to 
detach  a portion.  This  is  effected 
by  putting  the  bulb  in  water 
2°-3°  higher  than  the  required 
temperature,  and  then  gently 
tapping  the  upper  end  of  the 
thermometer  until  the  mercury 
hanging  at  the  top  of  the  reservoir 
is  separated  from  the  thread.  On 
cooling  down  again  to  the  freezing- 
temperature  of  the  solvent,  the 
top  of  the  thread  should  now  come 
to  rest  somewhere  on  the  upper 
half  of  the  scale.  If  the  quantity 
of  mercury  in  the  bulb  and  stem 
is  too  small,  so  that  when  the 
Fig.  1.  thermometer  is  immersed  in  water 
of  the  same  temperature  as  the 
freezing  point  of  the  solvent,  the  thread  does 
not  reach  the  scale  or  appears  only  on  the  lowest 
part  of  it,  the  bulb  is  warmed  until  the  mercury 
appears  at  the  top  of  the  reservoir.  By  a 
throwing  movement,  some  of  the  mercury  at 
the  bottom  of  the  reservoir  is  jerked  up  to 
the  top,  where  it  joins  the  end  of  the  thread. 
The  bulb  is  then  immersed  in  water  2°-3° 
above  the  temperature  required,  and  the  final 
adjustment  is  carried  out  in  the  way  already 
described. 

The  cryoscopic  apparatus  commonly  em* 
ployed  for  the  determination  of  the  molecular 
weight  of  dissolved  substances  is  that  known  as 
Beckmann’s.  The  accuracy  of  this  method,  as 
ordinarily  applied,  is  not  great,  the  error  being 
of  the  order  ±5  p.c.  For  most  laboratory 
purposes,  however,  this  is  sufficient,  and  it  is 
only  when  extreme  accuracy  is  required,  as  in 
the  investigation  of  very  dilute  aqueous  solu- 
tions, that  special  forms  of  apparatus  have  to 
be  employed. 

The  essential  parts  of  Beckmann’s  apparatus 
are  seen  in  the  subjoined  diagram.  A stout  glass 
jar,  holding  about  litres,  is  provided  with  a 
metal  top,  at  the  side  of  which  is  a hole  for  a 
stirrer,  and  in  the  middle  of  which  is  another  hole 
capable  of  holding  a large  stout  test-tube, 
3-4  cm.  in  diameter.  The  lid  and  the  tube  are 
held  in  position  by  springs,  as  will  be  evident 
from  the  diagram.  By  means  of  a cork,  there 
is  fitted  in  the  tube  another,  narrower  one,  to 
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hold  the  liquid  under  investigation.  This  tube 
should  preferably  have  a flat  bottom,  while 
the  part  of  it  which  projects  beyond  the  outer 
jacket  is  provided  with  an  auxiliary  side  tube, 
and  is  itself  widened  out 
at  the  upper  extremity. 

The  cork  with  which  this 
inner  tube — the  freezing 
tube,  as  it  may  be  called 
— is  fitted  carries  the 
thermometer,  and  allows 
also  free  passage  to  a 
stirrer.  The  latter  is  best 
made  of  stout  platinum 
wire,  but  silver  or  nickel 
may  be  used,  provided 
that  the  possibility  of 
chemical  action  is  ex- 
cluded. The  thermome- 
ter must  be  fitted  in  an 
accurately  central  posi- 
tion, so  that  the  stirrer 
may  be  moved  up  and 
down  without  grating. 

When  a determination 
of  molecular  weight  is  to 
be  made,  the  freezing 
tube  is  charged  with  a 
weighed  quantity  of  the 
solvent,  usually  10-20 
grams,  and  the  jar  is 
filled  -with  water  or  a 
mixture  of  ice  and  salt 
kept  at  a temperature 

4°-5°  below  the  freezing  point  of  the  solvent 
under  examination.  The  freezing  tube,  with 
thermometer  and  stirrer,  is  immersed  directly 
in  the  jar,  until  the  temperature  has  fallen 
almost  to  the  freezing  point.  It  is  then  set  in 
the  jacket  tube  and  the  contents  are  stirred 
regularly,  while  the  mercury  in  the  thermometer 
falls  slowly.  The  fall  continues  until  the  solvent 
is  more  or  less  supercooled.  In  the  majority  of 
cases,  freezing  sets  in  spontaneously  before  the 
supercooling  exceeds  0‘5°,  and  the  liberation  of 
heat  results  in  a rise  of  the  mercury  in  the 
thermometer  up  to  a steady  maximum  position. 
This  is  the  freezing  point  of  the  solvent — the 
temperature  at  which  liquid  and  solid  solvent 
are  in  equilibrium  with  each  other.  It  is  ad- 
visable, when  the  thread  is  rising  towards  its 
steady  position,  to  tap  the  thermometer  before 
taking  a reading,  and  so  avoid  the  possibility  of 
the  mercury  sticking  in  the  capillary.  Should 
the  supercooling  exceed  0‘5°,  crystallisation 
ought  to  be  initiated,  either  by  stirring  very 
vigorously  for  a few  moments  or  by  introducing 
a tiny  crystal  of  the  solid  solvent.  Whenever 
freezing  has  begun,  the  solvent  must  then  be 
stirred  with  uniform  regularity  until  the  con- 
stant temperature  has  been  reached. 

The  freezing  point  of  the  solvent  having  been 
determined  two  or  three  times  in  the  manner 
just  described,  a weighed  quantity  of  the  solute, 
enough  to  give  a depression  of  not  less  than  0'2°, 
is  introduced,  and  the  freezing  point  of  the 
solution  is  then  ascertained  in  the  same  way  as 
that  of  the  solvent.  Subsequent  additions  of 
solute  are  made  and  the  resulting  depressions 
determined  as  before.  One  addition,  it  is  true, 
yields  sufficient  data  for  the  calculation  of  the 
molecular  weight  of  the  solute,  but  it  is  desirable 
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to  ascertain  also  whether  the  eoncentration  of 
the  solute  has  any  definite  and  notable  influence 
on  the  value  obtained  for  its  molecular  weight. 
It  is  advisable,  further,  to  redetermine  the 
freezing  point  of  the  solvent  at  the  end  of  such 
a series  of  experiments,  and  so  obtain  a guaran- 
tee that  the  zero  of  the  thermometer  has  not 
changed  appreciably  during  the  course  of  the 
work. 

Various  suggestions  have  been  made  from 
time  to  time  with  the  object  of  rendering  the 
simple  Beckmann  apparatus  a more  accurate 
instrument.  Thus  it  has  been  proposed  to  stir 
the  contents  of  the  freezing  tube  mechanically 
instead  of  by  hand.  The  access  of  atmospheric 
moisture  to  a hygroscopic  solvent  may  be  pre- 
vented by  passing  a current  of  dry  air  into  the 
freezing  tube  during  an  experiment,  or  by  using 
as  stirrer  an  iron  ring  which  is  enveloped  in 
platinum  foil  and  is  operated  electromagne- 
tically.  In  this  latter  case,  obviously,  com- 
munication between  the  contents  of  the  freezing 
tube  and  the  outside  air  can  be  completely  cut 
off.  The  same  end  is  attained  by  employing  an 
ordinary  stirrer  with  a mercury  valve.  (For  a 
detailed  description  of  these  modifications  and 
additions,  see  Beckmann,  Zeitsch.  physikal. 
Chem.  1891,  7,  323  ; 1896,  21,  239  ; 1897,  22, 
616  ; 1903,  44,  169  ; also  Ostwald  and  Luther’s 
Physiko-chemische  Messungen.) 

For  the  determination  of  the  freezing  point 
of  liquids  which  are  obtainable  only  in  small 
quantities — physiological  fluids,  for  example — 
Beckmann’s  apparatus,  in  its  ordinary  form,  is 
too  large.  Modifications  of  this  apparatus, 
suitable  for  the  investigation  of  blood,  urine, 
&c.,  have  been  suggested  by  various  authors 
(Guye  and  Bogdan,  J.  Chim.  Phys.  1903,  1, 
.379  ; Burian  and  Drucker,  Zentr.  Physiol.  1910, 
23,  772).  In  these  instruments,  only  1-2  cub.cm. 
of  liquid  is  required,  and  it  is  claimed  that  the 
accuracy  is  of  the  same  order  as  that  attainable 
with  the  ordinary  Beckmann  apparatus.  In 
this 'connection,  mention  ought  to  be  made  also 
of  Eykman’s  apparatus  (Zeitsch.  physikal. 
Chem.  1888,  2,  964 ; 1889,  4,  497).  This  con- 
sists of  a small  flask,  holding  about  10  cub.  cm., 
into  the  neck  of  which  is  ground  a thermometer, 
graduated  in  tenths  or  hundredths  of  a degree. 
There  is  no  separate  jacketing  vessel,  but  the 
procedure  is  similar  to  that  followed  in  the  case 
of  the  Beckmann  apparatus. 

As  regards  the  preparation  of  the  cooling 
bath  required  in  the  cryoscopic  investigation  of 
aqueous  solutions,  the  usual  mixture  of  ice  and 
common  salt  solution  may  be  replaced  in  some 
cases  by  a mixture  of  ice  and  a solid  salt,  which 
gives  a steady  eutectic  temperature.  Salts 
suitable  for  this  purpose,  with  the  eutectic 
temperatures  obtained  when  they  are  mixed 
with  ice,  are  alum,  — 0'47'^ ; sodium  sulphate, 
—0*7°;  potassium  dichromate,  —1-0°;  potas- 
sium sulphate,  — F5°;  copper  sulphate,  — 2‘0°  ; 
potassium  nitrate,  — 3'0° ; zinc  sulphate, 
— 5'0°  ; barium  chloride,  — 7‘0°.  Another  kind 
of  cooling  bath  was  used  by  Raoult,  who  sur- 
rounded the  jacketed  freezing  tube  with  ether, 
and  passed  through  the  latter  a current  of  dry 
air  (Compt.  rend.  1896,  123,  476 ; Zeitsch. 
physikal.  Chem.  1898,  27,  617).  By  careful 
regulation  of  the  rate  at  which  the  air  is  forced 
through  the  ether,  the  bath  can  be  adjusted  to 


any  point  between  room  temperature  and 
-15°. 

When  it  is  desired  to  find  the  molecular 
weight  of  a new  substance,  the  question  of  the 
most  suitable  solvent  arises.  The  choice  is 
frequently  limited  by  the  solubility  of  the  sub- 
stance ; it  may  be  appreciably  soluble  in  only 
one  or  two  of  the  more  common  solvents. 
Apart  from  this,  however,  there  are  other  con- 
siderations which  must  be  taken  into  account. 
Extensive  investigation  has  proved  that  with 
certain  combinations  of  solvent  and  solute,  the 
cryoscopic  method  gives  abnormal  values  for 
the  molecular  weight  of  the  dissolved  substance. 
Pre-eminently  is  this  the  case  when  the  solvent 
is  water  and  the  solute  is  an  acid,  a base,  or  a 
salt,  in  short,  an  electrolyte ; under  these 
circumstances,  the  value  found  for  the  mole- 
cular weight  of  the  solute  is  abnormally  low. 
On  the  other  hand,  the  influence  of  substances 
containing  the  hydroxyl  group  (alcohols,  acids, 
phenols,  oximes)  on  the  freezing  point  of  hydro- 
carbons (benzene)  and  allied  indifferent  solvents, 
is  such  as  to  lead  to  abnormally  high  values  for 
the  molecular  weight.  The  cryoscopic  investiga- 
tion of  solutions  of  acetic  acid  in  benzene 
indicates  that  the  formula  of  the  acid  is  more, 
correctly  represented  by  (CH3‘COOH)2  than  by 
CHj’COOH.  Again,  while  the  molecular  weight 
of  alcohol  in  benzene  is  nearly  normal  in  dilute 
solution,  the  value  increases  rapidly  as  the  con- 
centration of  the  alcohol  rises.  The  combina- 
tions of  solvent  and  solute  which  lead  to 
abnormally  high  values  of  the  molecular  weight 
have  been  studied  in  detail  by  various  workers 
(Auwers,  Zeitsch.  physikal.  Chem.  1893,  12,  689  ; 
1894,  15,  33;  1895,  18,  595;  1896,  21,  337; 
1897,  23,  449  ; 1899,  30,  300 ; 1903,  42,  513, 
629 ; Biltz,  ibid.  1899,  29,  249 ; Robertson, 
Chem.  Soc.  Trans.  1903,  83,  1425;  1904,  85, 
1617;  1905,  87,  1574;  1906,  89,  567).  It 

should  be  noted  that  in  cases  also  where  the 
dissolved  substance  crystallises  out  along  with 
the  solvent,  the  depression  of  the  freezing  point 
is  abnormally  small,  and  the  value  of  the  mole- 
cular weight  calculated  therefrom  is  corre- 
spondingly high. 

’ll?  For  the  cryoscopic  determination  of  the 
molecular  weights  of  dissolved  substances  a 
method  of  moderate  accuracy  is  sufficient,  and 
an  experiment  may  be  carried  out  with  a com- 
paratively small  quantity  of  liquid.  The  case  is 
different  with  the  problem  of  finding  the  exact 
depression  of  the  freezing  point  for  very  dilute 
aqueous  solutions — a problem  to  which  much 
attention  has  been  devoted  because  of  its 
bearing  on  the  theory  of  solution.  It  was  early 
evident  that  the  cryoscopic  investigation  of  very 
dilute  solutions  involves  special  difficulties,  for 
the  discrepancies  between  the  results  obtained 
by  different  workers  were  very  considerable. 
Thus  the  molecular  depression  for  water,  based 
on  experiments  with  sucrose  in  which  the 
actually  observed  depressions  amounted  only  to 
about  0'05°,  was  found  by  Arrhenius  to  be  20 '2°, 
by  Raoult,  20*7°;  by  Jones,  21 '8°;  and  by 
Loomis,  18‘1°,  instead  of  the  theoretical  value, 
18 '6°.  Subsequent  investigations  (Nernst  and 
Abegg,  Zeitsch.  physikal.  Chem.  1894,  15,  681  ; 
Abegg,  ibid.  1896,  20,"  207;  Wildermann,  Phil. 
Mag.  1895,  40,  119  ; Proc.  Roy.  Soc.  1896,  251  ; 
Raoult,  Zeitsch.  physikal.  Chem.  1898,  27,  617) 
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haw  made  it  clear  what  conditions  must  be 
fulmled  if  the  freezing  point  depression  for  a 
dilute  aqueous  solution  is  to  be  determined  with 
certainty  to  0*001°.  It  will  be  sufficient  here  to 
indicate  these  conditions  briefly. 

As  regards  the  thermometer,  it  is  essential 
that  a telescope  be  used  for  reading  the  position 
of  the  mercury,  and  that  the  bulb  of  the  instru- 
ment be  kept  at  about  0°  during  the  whole  of  a 
series  of  experiments.  The  influence  of  altera- 
tions in  the  atmospheric  pressure  cannot  be 
neglected,  for  it  appears  that  a difference  of 
1 mm.  mercury  has  about  the  same  effect  on  a 
Beckmann  thermometer  as  a temperature 
change  of  0*0002°.  On  similar  grounds,  the 
thermometer  must  be  immersed  always  to  the 
same  depth  in  solvent  and  solutions.  It  should 
be  mentioned  here  that  platinum  resistance 
thermometers  have  been  used  in  accurate 
cryoscopic  work  instead  of  the  Beckmann  in- 
struments {see  Chrustchoff,  Compt.  rend.  1900, 
131,  883  ; 1901,  133,  955  ; Bedford,  Proc.  Roy. 
'Soc.  A,  1910,  83,  454).  The  difference  between 
the  freezing  points  of  solvent  and  solution  has 
also  been  determined  thermoelectrically  (Haus- 
rath,  Ann,  Physik.  1902,  [iv.]  9,  522;  Jahn 
Zeitsch.  physikal.  Chem.  1907,  59,  31  ; Fliigel, 
ibid.  1912,  79,  577  ; Adams,  J.  Amer.  Chom. 
Soc.  1915,  37,  481). 

The  temperature  of  the  cooling  bath  is  a 
matter  which  has  to  be  carefully  considered,  if 
the  freezing  point  depression  for  a dilute  solution 
is  to  be  correctly  determined.  Suppose  that  in 
an  experiment  with  the  ordinary  Beckmann 
apparatus  the  aqueous  solution  in  the  inner 
tube  cools  without  freezing,  it  is  obvious  that 
the  lowest  temperature  to  which  the  solution 
can  fall  must  be  higher  than  that  of  the  cooling 
bath,  because  of  the  heat  conducted  from  the 
air  to  the  solution  through  the  thermometer, 
stirrer,  and  tube,  and  because  of  the  heat 
generated  by  the  stirring.  This  lowest  tempera- 
ture, which  the  contents  of  the  freezing  tube 
tend  to  assume  when  no  freezing  takes  place,  is 
known  as  the  convergence  temperature.  The 
difference  between  the  convergence  temperature 
and  the  temperature  of  the  cooling  bath  varies, 
of  course,  with  each  apparatus  ; it  decreases  as 
the  facility  for  heat  exchange  between  the 
solution  and  the  external  air  is  lessened,  and  as 
the  rate  of  stirring  is  diminished.  Suppose  now 
that  the  solution  under  examination  has  become 
supercooled,  and  that  it  has  reached  the  con- 
vergence temperature.  The  introduction  of  a 
crystal  of  the  solid  solvent  at  this  stage  initiates 
the  freezing  process  ; heat  is  liberated  and  the 
temperature  of  the  solution  rises.  Inasmuch, 
however,  as  the  solution  is  no  longer  at  the  con- 
vergence temperature,  there  is  an  influence  at 
work  tending  to  lower  the  temperature  of  the 
solution,  so  that  the  latter  never  reaches  its 
true  freezing  point : the  maximum  position 
reached  by  the  mercury  is  only  what  may  be 
called  the  apparent  freezing  point  of  the  solution. 
Similarly,  when  the  freezing  point  of  the  solution 
lies  below  the  convergence  temperature,  an 
apparent  freezing  point  is  observed  which  is 
somewhat  higher  than  the  true  freezing  point. 
In  both  cases,  the  apparent  freezing  point  lies 
between  the  true  freezing  point  and  the  con- 
vergence temperature.  In  view  of  these  con- 
siderations, it  is  necessary,  in  cryoscopic  work 


of  the  most  accurate  land,  either  to  adjust  the 
cooling  bath  so  that  the  convergence  tempera- 
ture and  the  freezing  point  are  practically  the 
same,  or  to  apply  a correction  to  the  apparent 
freezing  point  {see  Raoult,  l.c.  ; Nernst  and 
Abegg,  l.c.).  ^ 

The  freezing  point  of  a solution  is  the 
temperature  at  which  the  solution  and  the  solid 
solvent  are  in  equilibrium,  and  in  order  that  this 
equilibrium,  and  therefore  the  freezing  point, 
may  be  well  defined,  it  is  essential  that  a con- 
siderable quantity  of  solid  should  be  in  contact 
with  the  solution.  In  the  case  of  aqueous  solu- 
tions, this  has  generally  been  effected  by  super- 
cooling to  the  extent  of  0*5°  or  1*0°,  and  then 
introducing  a crystal  of  ice.  If  this  method  is 
adopted,  then  a correction  must  be  made  for  the 
charge  of  concentration  resulting  from  the 
separation  of  ice.  Some  workers,  however, 
determine  the  freezing  point  by  adding  the 
cooled  solution  to  a fairly  large  quantity  of 
finely  divided  ice,  and  then  observing  the  steady 
temperature  shown  by  a thermometer  immersed 
in  the  mixture  {see  Walker  and  Robertson,  Proc. 
Roy.  Soc.  Edin.  1903,  24,  363  ; Richards,  J. 
Amer.  Chem.  Soc.  1903,  25,  291  ; Jahn,  Zeitsch. 
physikal.  Chem.  1904,  50,  129  ; Roth,  ibid.  1912, 
79,  601  ; Adams,  J.  Amer.  Chem.  Soc.  1915, 
37,  481  ; compare  also  Prytz,  Ann.  Physik. 
1902,  [iv.]  7,  882).  In  this  method  of  procedure, 
equilibrium  between  the  two  phases  is  very 
rapidly  established  and  the  concentration  of  the 
liquid  is  ascertained  by  an  analysis  made  subse- 
quently to  the  determination  of  the  freezing 
point. 

It  has  already  been  pointed  out  that  the 
freezing  point  depression  is  proportional  to  the 
number  of  dissolved  units.  The  cryoscopic 
method  may  therefore  be  employed,  not  o^y 
in  the  determination  of  the  molecular  weights  of 
dissolved  substances,  but  also  in  the  study  of  the 
question  whether  in  a particular  case  a change  in 
the  number  of  dissolved  units  takes  place.  It 
is  found,  for  instance,  that  the  freezing  points  of 
potassium  iodide  solutions  are  not  appreciably 
affected  by  the  addition  of  iodine,  which  shows 
that  the  iodine  must  combine  with  the  units 
already  present  in  the  solution  {see  Le  Blanc  and 
Noyes,  Zeitsch.  physikal.  Chem.  1890,  6,  385  ; 
Paterno  and  Peratoner,  Cazz.  chim.  ital.  1890, 
21,  110).  The  cryoscopic  method  may  similarly 
be  employed  in  following  the  course  of  a reaction 
between  dissolved  substances  which  involves  a 
change  in  the  number  of  units,  as  for  instance, 
the  inversion  of  sucrose  (see  Kahlenberg,  Eavis, 
and  Fowler,  J.  Amer.  Chem.  Soc.  1899,  21,  1 ). 

J C P 

CRYPTOPINE  V.  Opium. 

CRYSOBERYL  or  CHRISOBERYL  v.  Gluci- 

NUM. 

CRYSTAL  PONCEAU  v.  Azo-  colouring 

MATTERS. 

CRYSTAL  VARNISH  or  PAPER  VARNISH 

V.  Varnish. 

CRYSTAL  VIOLET  v.  Triphenylmbthane 

COLOURING  MATTERS. 

CRYSTALLIN  v.  Proteins. 

C RYST ALLIS ATION.  Crystals  are  often  pro- 
duced during  the  concentration  of  liquors  in 
evaporating  pans.  Hand  or  mechanical  scrapers 
are  used  for  removing  these  crystals  con- 
tinuously. Such  crystals  are  generally  too 
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impure  for  sale  and  are  redissolved  in  sufficient 
hot  water  to  produce  a solution,  which,  after 
clarification  by  subsidence  or  filtration,  will 
yield,  in  the,  crystallising  pan,  bright  and  market- 
able crystals.  The  temperature  and  concen- 
tration of  the  solution,  to  yield  the  best  result, 
have  to  be  determined  for  every  substance.  The 
mother  liquor  is  run  off  and  the  crystals  trans- 
ferred to  drainers  or  centrifugal  machines  to  be 
dried  before  packing.  In  some  instances, 
several  repetitions  of  this  treatment  are  made, 
and  the  crystals  are  washed  with  water  or  liquor 
after  each  treatment.  The  crystallising  pans 
are  made  of  materials  which  give  the  best 
economic  result ; either  they  resist  the  mother 
liquors  or,  if  attacked,  do  not  spoil  the  product 
by  discolouration  or  too  much  impurity.  Cast- 
iron  tanks  about  2 feet  deep  with  bottoms 
sloping  to  the  outlet  and  rounded  corners,  are 
common.  Wooden  tanks  unlined  or  lined  with 
sheet  lead,  zinc,  tin,  or  other  metal,  are  used 
largely.  Some  manufacturers  suspend  rough- 
ened strips  of  metal  in  the  pans,  to  which  the 
crystals  adhere.  For  rapid  production,  crystal- 
lisation by  repose  is  now  giving  place  in  many 
industries  to  crystallisation  in  motion.  The 
crystallising  vessels  are  provided  with  circu- 
lating blades  or  with  compressed  air  jets,  so 
that  the  crystals  as  they  form  are  prevented  from 
adhering  to  the  sides  of  the  vessel,  but  remain 
suspended  in  the  liquor,  which,  on  complete 
cooling,  flows  directly  to  the  centrifugal  machines 
for  the  separation  of  the  mother  liquor.  These 
crystals  are  purer  and  more  convenient  to 
handle  than  those  obtained  by  repose  methods. 
In  the  case  of  deliquescent  substances  and  also 
in  those  instances  where  the  mother  liquor  is 
sufficiently  pure  to  make  it  unnecessary  to 
purify  by  crystallisation,  the  liquor  is  concen- 
trated in  film  evaporators  so  that  only  sufficient 
water  remains  in  it  to  form  the  crystal.  The 
liquor  produced  is  run  into  drums,  and  forms  on 
cooling,  a solid  block  of  crystals.  In  some 
works,  the  liquor  is  run  into  a jacketed  worm 
conveyor  so  that  the  crystals  which  form,  leave 
the  apparatus  in  a loose  state. 

The  capacity  of  crystallising  plant  can  be 
determined  from  a knowledge  of  the  physical 
data  involved.  When  crystallising  by  repose 
methods  the  rate  of  evaporation  of  the  solution 
is  given  very  closely  by  the  utility  formula  : 


where  W is  the  weight  of  water  in  kilograms 
evaporated  per  hour  per  square  metre  of  surface 
of  the  liquid,  pg  is  the  vapour  pressure  of  the 
solution  in  mm.  of  mercury  at  the  temperature 
under  consideration,  and  is  the  pressure  of 
the  aqueous  vapour  in  the  atmosphere  of  the 
factory.  If  a draught  with  a velocity  exceeding 
(say)  1 metre  per  second  is  produced  in  the 
crystallising  room,  the  figure  given  by  the  above 
formula  will  be  low,  and  should  be  multiplied 
by  a factor  which  is  approximately  the  square 
root  of  the  velocity  in  metres  per  second. 

If  the  mother  liquor  is  run  into  the  crystal- 
lising vessels  hot,  then  the  time  of  cooling  and 
evaporation  can  be  determined  by  a graphical 
integration  of  the  rates  of  cooling  from  the 
surface  of  the  vessel  and  cooling  from  evapora- 


tion from  the  surface  of  the  liquid  at  a series  of 
temperatures. 

Many  solutions  will  not  produce  bright 
crystals  at  temperatures  above  20°  C.  ; in  such 
cases,  propeller  fans  are  most  useful  in  keeping 
down  the  temperature  and  increasing  the  output. 

Substances  which  form  hard  cemented  masses 
on  the  cool  surfaces  of  the  crystallising  vessels 
may  be  most  satisfactorily  treated  in  vacuum 
evaporators,  where  the  crystals  form  on  the 
surface  and  then  drop  to  the  bottom  of  the 
vessel,  unless  a stirrer  be  provided  to  keep  them 
in  suspension.  This  method  is  most  useful 
when  crystallising  from  volatile  solvents. 

Crystals  of  uniform  size  are  also  most  effici- 
ently produced  in  this  way,  since  the  rate  of 
evaporation  and  the  temperature  can  be  perfectly 
regulated.  A mother  liquor  of  suitable  strength 
is  produced  in  the  pan  and  allowed  to  cool  to 
saturation  temperature.  The  solution  is  then 
‘ sown  ’ with  a suitable  quantity  of  finely 
powdered  substance,  and  the  heating  coils  and 
vacuum  pump  set  to  work  at  such  a rate  as  to' 
maintain  the  temperature  and  produce  the 
required  amount  of  evaporation,  the  liquid  being 
stirred  continuously  As  soon  as  the  crystals 
are  known  to  have  reached  the  required  size, 
the  mass  is  discharged  through  strainers  and 
the  mother  liquor  returned  to  form  a portion 
of  the  next  charge.  J .W.  H. 

CUBA  BLACK  v.  Azo-  colouring  matters. 

CUBEBS.  CubehcB  fructus,  B.P.  The  dried 
full-grown  unripe  fruits  of  Piper  Cubeba  (Linn, 
fib). 

CUBEBS  CAMPHOR  Camphors. 

CUBEBS,  OIL  OF,  v.  Oils,  Essential. 

CUCUMBER.  The  fruit  (really  a berry)  of 
Cucumis  safivw  (Linn.).  Konig  gives  as  the 
average  composition  : 

Other  carbo- 

Sugar  hydrates  Fibre  Ash 
1*12  1-09  0-78  0-45 

According  to  Wittmann  (1901),  cucumbers  con- 
tain about  0'2  p.c.  of  pentosans. 

Heinze  (Zeitsch.  Nahr.  Genussm.  1903,  6, 
529)  observed  that  large  cucumbers  contain  a 
higher  proportion  of  sugar  than  small  ones,  but 
less  nitrogenous  matter.  He  gives  as  the  mean 
composition  : 

Other 

Pro-  Glu-  Cane  carbohy- 

Water  tein  Fat  cose  sugar  drates  Fibre  Ash 
Small  96*6  0-81  0*09  OUO  O'lO  L44  0-58  0-34 
Large  95*8  0-67  0-09  0-66  0-09  I'fiO  1-65  0*42 

The  ash  of  cucumbers  contains  ; 


Nitrogenous 
Water  matter  Fat 

95-36  1-09  0-11 


EoO  NaoO  CaO  MgO  FegOg  P2O5 
51-7  4-2  7-0  4-5  0-8  13-1 


SO3  SiOo  Cl 
5-7  4-3  9-2 


H.  1. 

CUDBEAR  V.  Archil. 

CULLEN  EARTH  or  COLOGNE  EARTH  v. 

Pigments. 

CULLET  V.  Glass. 

CULM  V.  Anthracite,  art.  Fuel. 

CUMENES,  Cumols.  The  name  cumene, 
originally  applied  to  ^’.sopropylbenzene 

CeH,-CH(CH3)2 

to  indicate  its  connection  with  cumic  acid,  from 
which  it  was  obtained  by  distillation  with  lime, 
is  frequently  employed  as  a generic  term  to 
denote  any  of  the  isomeric  benzene  hydro- 
carbons of  the  formula  CgHia*  Theory  predicts 


CUMENES. 


the  existence  of  eight  of  these,  all  of  which  have 
been  found  in  coal-tar  oil. 

Propylbenzenes. 

1.  Normal  'pro'pylbenzene  (n-  cumene) 

C6H5-CH2-CH2'GH3 

Present  in  coal  tar  oil  in  fraction  boiling  at 
153°-157°  (Schultz  and  Perl,  Ber.  1909,  3602). 
By  the  action  of  sodium  on  a mixture  of  bromo- 
benzene  and  propyl  bromide  in  ethereal  solution 
(Fittig,  Schaffer  and  Konig,  Annalen,  149,  324), 
By  the  action  of  aluminium  chloride  on  tri- 
methylene bromide,  propylbenzene  and  di- 
phenylpropane  (sym.)  are  formed,  the  latter  of 
which,  on  further  treatment,  yields  propylben- 
zene and  cumene  (Bodroux,  Compt.  rend.  132, 
155).  From  benzene,  aluminium  chloride  and 
propyl  bromide,  when  kept  at  0°  (Heise,  Ber. 
1891,  768  ; Genvresse,  Bull.  Soc,  chim.  9,  [3] 
219).  From  benzyl  chloride,  CgHg'CHaCl  and 
zinc-ethyl  (Paterno  and  Spiza,  Ber.  10,  294). 
Liquid  boiling  at  159°  (corr.),  sp.gr.  0’867  at 
15°/15°  (Perkin,  Chem.  Soc.  Trans.  1900,  274). 
Yields  benzoic  acid  on  oxidation  with  chromic 
acid. 

Cumene,  together  with  toluene,  may  be 
obtained  from  cymene  by  demethylation  by  the 
action  of  aluminium  chloride  in  presence  of 
benzene  : 

CgH/CgH.-CHg-fCeHe 

=C«Hg-CH3+C3H/CeHg 
(Bsedlker  and  Halse,  Bull.  Soc.  chim.  1916, 
19,  444). 

2.  Isopropylbenzene  {Cumene) 

CeHg-CH(CH3), 

Present  in  American  petroleum  (Maberry  and 
Dunn,  Amer.  Chem.  J.  18,  215).  By  distilling 
cumic  acid  C6H4[CH(CH3)2]C02H(1,  4)  with 
lime  or  baryta  (Gerhardt  and  Cahours,  Ann. 
Chim.  Phys.  [3]  1,  87).  From  benzal  chloride 
C6H5’CHCl2  and  zinc-methyl  (Liebermann,  Ber. 
13,  46).  Phenyl  magnesium  bromide  reacts 
with  acetone  to  give  methylethenylbenzene, 
which,  on  hydrogenation,  yields  cumene  (Tif- 
feneau,  Compt.  rend.  134,  845).  From  benzefeie 
and  either  wopropyl  bromide  or  normal  propyl 
bromide  in  presence  of  aluminium  bromide 
(Gustavson,  Ber.  11,  1251).  Liquid  boiling  at 
152-5°-153°  (corr.);  sp.gr.  0-8727,  7-974°  (Perkin, 
Chem.  Soc.  Trans.  1900,  275).  Yields  benzoic 
acid  on  oxidation  with  chromic  acid. 

Methylethylbenzenes  {Ethyltoluenes).  The 
three  methylethylbenzenes  are  obtained  by  the 
action  of  sodium  on  a mixture  of  ethyl  bro- 
mide or  iodide  with  the  corresponding  bromo- 
toluenes  (ortho-,  meta-,  or  para-). 

1.  o-Meihyleihylbenzene 

CBH4(CH3)(C2Hg)(l,  2) 

Liquid  boiling  at  158°-159°  ; sp.^.  0-8731  at 
16°.  Dilute  nitric  acid  oxidises  it  to  o-toluic 
acid  C6H4(CH3)C02H(1,  2). 

2.  m-Methyleihylhenzene 

CeH4(CH3)(C2Hg)(l,  3) 

Liquid  boiling  at  158°-159° ; sp.gr.  0-869  at 
20°.  Chromic  acid  oxidises  it  to  ^,sophthalic  acid 
CeH4(C02H)2(l,  3). 

3.  p-Meihylethylhenzene 

CeH4(CH3)(C2Hg)(l,  4) 

Liquid  boiling  at  161° -162°;  sp.gr.  at  0-8652  at 
VoL.  IT.— 
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21°.  Yields  on  oxidation  p-toluic  and  tereph- 
thalic  acids. 

Trimethylbenzenes. 

1.  Consecutive  trimethylhenzene  {Hemelliie7ie  ; 
Hemimdlithene)  C6H3(CH3)3(1,  2,  3).  By  heat- 
ing the  calcium  salt  of  a-fsoduric  acid 

CeH2(CH3)3C02H 

with  lime.  Liquid  boiling  at  175°  (Jacobsen, 
Ber.  15,  1857  ; 19,  2517). 

2.  Unsymmetrical  trimethylhenzene  {pseudo- 
cumene)  C6H3(CH3)3(1,  2,  4),  occurs  together 
with  mesitylene  in  coal-tar  (Beilstein  and  Kogler, 
Annalen,  137,  317),  and  is  present  in  many 
petroleums  (Poni,  Chem.  Zentr.  1906,  i.  459). 
By  the  action  of  sodium  on  a mixture  of  either 
bromo-paraxylene  or  bromometaxylene  with 
methyl  iodide.  In  order  to  isolate  it  from  coal 
tar,  Armstrong  recommends  (Chem.  News,  38, 
5;  Ber.  11,  1697)  that  the  mixture  of  pseudo- 
cumene and  mesitylene  {v.  infra)  boiling  between 
160°  and  170°,  obtained  from  coal  tar  by 
fractional  distillation,  should  be  converted  by 
treatment  with  an  equal  volume  of  concen 
trated  sulphuric  acid  into  sulphonic  acids.  The 
mixture  of  sulphonic  acids,  which  separates  as 
an  oily  layer  on  carefully  adding  water  to  the 
sulphuric  acid  solution,  is  heated  with  concen- 
trated hydrochloric  acid  in  a sealed  tube  for  1 
hour  at  100°.  In  this  way,  the  mesitylene  sul- 
phonic acid  is  decomposed,  regenerating  mesity- 
lene, whilst  the  pseudocumenesulphonio  acid  is 
not  attacked.  After  separating  the  mesitylene 
the  pseudocumenesulphonic  acid  is  precipitated 
from  the  hydrochloric  acid  solution  by  sulphuric 
acid,  purified  by  recrystallisation  from  dilute 
sulphuric  acid  and  finally  decomposed  by  heating 
with  hydrochloric  acid  at  140° -150°,  when  it 
breaks  up  into  pseudocumene  and  sulphuric  acid. 
Jacobsen  (Ber.  9,  256)  treats  the  mixture  of 
sulphonic  acids  with  barium  or  calcium  car- 
bonate, which  removes  the  excess  of  sulphuric 
acid  and  converts  the  sulphonic  acids  into 
barium  or  calcium  salts  ; transforms  these  by 
double  decomposition  with  sodium  carbonate 
into  sodium  salts  ; heats  the  latter  with  phos- 
phorus pentachloride,  with  which  they  yield 
the  sulphonic  chlorides  CgHij-SOaCl ; converts 
the  chlorides  into  the  sulphonamides 

CgHii-SOa-NH^ 

by  the  action  of  ammonia ; and  separates  the 
two  isomeric  sulphonamides  by  recrystallisation 
from  alcohol,  in  which  mesitylene  sulphonamide 
is  readily,  pseudocumene  sulphonamide  only 
sparingly,  soluble.  The  sulphonamides  are  then 
hydrolysed  by  heating  with  concentrated 
hydrochloric  acid  at  175°. 

Another  method  proposed  by  Jacobsen 
(Annalen,  184,  199)  is  to  separate  the  two  sul- 
phonic acids  by  fractional  crystallisation ; 
pseudocumenesulphonic  acid  is  soluble  with 
difficulty  in  sulphuric  acid  and  crystallises  out. 
On  heating  to  its  melting-point  (110°)  and  passing 
in  steam  at  a temperature  of  250°,  pure  pseudo- 
cumene is  obtained  {see  also  Schultz  and  Herz- 
feld,  Ber.  1909,  3602).  Pseudocumene  boils  at 
168'2°,  and  has  sp.gr.  0-877  at  18°  (Schultz  and 
Herzfeld,  l.c.).  On  oxidation  with  nitric  acid, 
it  yields  two  isomeric  acids  of  the  formula 
C6H3(CH3)2C02H — xylic  acid  and  ^^-xylic  acid 
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— and  a small  quantity  of  the  isomeric  methyl- 
^sophthalic  and  methylterephtlialic  acids 

C6H3(CH3)(C0,H), 

(Bentley  and  Perkin,  Chem,  Soc.  Trans.  1897, 
165). 

3,  Symmetrical  trimethylhenzene  {Mesitylene) 
03113(0113)3(1,  3,  5).  In  coal-tar  oil,  in  fraction 
boiling  at  157°-162°  (Fittig  and  Wackenroder, 
Annalen,  151,  292  ; Schultz  and  Perl,  Ber.  1909, 
3602),  and  in  American  petroleum  (Maberry  and 
Dunn,  Amer.  Chem.  J.  18,  215).  By  distilling 
acetone  with  sulphuric  acid 

3C0(CH3)3=CeH3(CH3)3+3H,0 
(Kiister  and  Stollberg,  Annalen,  278,  207  ; 
Meyer  and  Molz,  Ber.  1896,  2831),  or  by  dissolving 
allylene  CHgCiCH  in  sulphuric  acid  and  dis- 
tilling with  water  SCHa'C  • 0H=C6H3(CH3)3 
(Fittig  and  Schrohe,  Ber.  8,  17).  (On  the  isola- 
tion of  mesitylene  from  coal  tar  and  the  method 
of  separating  it  from  pseudocumene,  v.  preceding 
paragraph.)  Liquid  boiling  at  164 '5° ; sp.gr. 
0'8768  at  474°  (Perkin,  Chem.  Soc.  Trans.  189^6, 
1193).  Dilute  nitric  acid  oxidises  it  to  mesityl- 
enic  acid  C6H3(CH3)2C02H  and  uvitic  acid 
C6H3(CH3)(C02H)2  ; with  potassium  perman- 
ganate it  yields  uvitic  acid  and  trimesic  acid 
CeH3(C02H)23(l,  3,  6). 

CUMIDINES  C9H13N.  Of  the  sixteen  iso- 
meric cumidines  which  have  hitherto  been  ob- 
tained, pseudo-  or  ;{/-cumidine  and  mesidine  are 
perhaps  the  most  important.  These  bases  are 
derivatives  of  pseudocumene  and  mesitylene 
respectively,  the  first  of  which  is  theoretically 
capable  of  yielding  three  isomeric  i//- cumidines, 
and  the  latter  one  cumidine  only. 

Pseudocumidine,  sym.-'^-cumidine 

(0113)30  6H2-NH2[CH3  : CH3 : CH3 : NH2  = 1 : 2:4:5] 

can  be  obtained  by  nitrating  pseudocumene  with 
fuming  nitric  acid  in  the  cold,  and  reducing  the 
nitro-  compound  (m.p.  71°)  with  tin  and  hydro- 
chloric acid  (Schaper,  Zeitsch.  chem.  [2]  23,  1). 
The  base  is  prepared  technically  by  digesting 
xylidine  hydrochloride  with  methyl  alcohol  in 
an  autoclave  at  280°-300°,  converting  the  crude 
product  into  the  nitrate,  separating  the  sparingly 
soluble  nitrates  by  means  of  a centrifugal 
machine,  washing  the  product  with  water  and 
finally  treating  with  an  alkali.  The  mixture  of 
bases  consisting  of  cumidines  and  xylidines  is 
then  fractionated,  and  the  portion  distilling 
between  225°-245°  is  allowed  to  crystallise, 
and  finally  freed  from  non-crystallisable  bases 
by  pressure  (Aktiengesellschaft  fiir  Anilin- 
fabrikation,  D.  R.  P.  22265).  The  cumidine  so 
obtained  contains  mesidine  and  other  impurities 
(Hofmann,  Ber.  17,  1912 ; Engel,  ibid.  18, 
2229),  but  consists  chiefly  of  Schaper’s  pseudo- 
cumidine (c/.  Hofmann,  ibid.  15,  2895)  which 
can  be  prepared  in  the  pure  state  by  digesting 
o-4-xyhdine  [NH2  : CH3  : CH3  = 1 : 3 : 4]  or  para- 
xylidine  with  methyl  alcohol  under  similar 
conditions  (Nolting  and  Forel,  ibid.  18,  2680). 

Properties. — Pseudocumidine  crystallises  in 
large,  lustrous  prisms,  melts  at  63°  (Hofmann), 
at  68°  (Auwers,  Ber.  18,  2661),  and  boils  at  234°. 
It  is  insoluble  in  water,  but  readily  soluble  in 
alcohol.  The  nitrate  is  characterised  by  being 
very  sparingly  soluble  in  water.  Its  acetyl 
derivative  crystalfises  in  compact  white  needles, 
melts  at  161°  (Edler,  ibid.  18,  629  ; Nolting  and 


Baumann),  at  164°  (Auwers)  and  boils  above 
360°.  Pseudocumidine  is  used  as  a source  of 
azo-  dyes  (D.  R.  PP.  3229,  1878  ; 22265,  1882). 

a5-;|/-cumidine  [CH3:CH3:CH3:NH2=  1 : 2 : 4 : 6] 
has  been  prepared  by  Edler  {l.c.).  It  melts 
at  36°. 

;|/-cumidine  [CH3:CH3:CH3:NH2  = 1 : 2 : 4 : 3]  is 
obtained  by  digesting  o - 3 - xylidine  hydro  - 
chloride  [NH2:CH3:CH3=  1:2:3]  with  methyl  al- 
cohol in  an  autoclave  at  300°  (Nolting  and 
Forel ; cf.  Mayer,  Ber.  20,  972).  It  boils  at 
240°  (Nolting  and  Forel),  236°  and  does  not 
solidify  at  —15°  (Mayer).  Its  acetyl  derivative 
melts  at  186°. 

Mesidine  [CH3:CH3:CH3:NH2  = 1:3:5:2]  is  ob- 
tained by  treating  mesitylene  with  nitric  acid 
(sp.gr.  P38)  and  reducing  the  nitro-  derivative 
with  tin  and  hydrochloric  acid  (Fittig  and  Storer, 
Annalen,  147,  3).  It  can  also  be  prepared  by 
digesting  a-metaxylidine  [NH2:CH3:CH3  = 1:2:4] 
(Hofmann,  Ber.  5,  715  ; 8,  61)  or  /3-metaxylidine 
[NH2:CH3:CH3=  1:2:6]  hydrochloride  (Nolting 
and  Forel)  with  methyl  alcohol  at  300°. 

Properties. — Mesidine  is  a colourless  liquid, 
which  boils  at  229°,  and  has  a sp.gr.  0'9663. 
The  acetyl  derivative  melts  at  216°  and  crystal- 
lises in  prisms. 

/socumidine  [CH3:CH3:CH3:NH2=  1 : 2 : 3 : 5], 
prepared  by  digesting  the  hydrochloride  of 
7-metaxylidine 

[NH3:CH3:CH3=1:3:5] 

with  methyl  alcohol,  at  300°  (Nolting  and 
Forel ; Limpach,  Ber.  1888,  644),  melts  at  67°- 
68°,  boils  at  245°,  and  yields  an  acetyl  deriva- 
tive melting  at  163°- 164°. 

Para-aminopropylbenzene,  formed  by  heating 
aniline,  propyl  alcohol,  and  zinc  chloride  at  280° 
for  8 hours  (Louis,  Ber.  16,  105  ; Francksen,  ibid. 
17,  1221),  boils  at  224°-226°.  The  acetyl 
derivative  melts  at  87°. 

Orthoaminowopropylbenzene,  - o - cumidine, 
formed  by  heating  aminocumic  acid  with  baryta 
(Filetti,  Gazz.  chim.  ital.  13,  379;  cf.  Constam 
and  Goldschmidt,  Ber.  1888,  1158),  boils  at 
213'5°-214'5°  at  732  mm.  The  acetyl  derivative 
melts  at  72°. 

Para-amino  wopropylbenzene,  cumidine,  formed 
by  heating  wopropyl  alcohol,  aniline,  and  zinc 
chloride  at  260°-280°  (Louis,  Ber.  16,  111  ; cf. 
Nicholson,  Annalen,  65,  58),  boils  at  216°-218°. 
The  acetyl  derivative  melts  at  102°-102'5°,  By 
oxidation  with  sodium  chlorate  and  potassium 
ferrocyanide  in  hydrochloric  acid  solution, 
cumidine  yields  a dyestuff  of  the  aniline  black 
series  (Kirptischnikow,  Chem.  Zentr.  1906,  i. 
829).  By  treatment  with  cyanogen  chloride  in 
pyridine  solution,  condensation  is  effected  and 
a dyestuff  is  produced  (Konig,  D.  R.  P.  155782  ; 
Chem.  Zentr.  1904,  ii.  1557).  c 

Ethylortfciotoluidine,  prepared  by  treating 
orthotoluidine  in  ethyl  alcohol  with  zinc  chloride 
at  270°  (Benz,  Ber.  15,  1650),  boils  at  229°-230°. 
The  acetyl  derivative  melts  at  105°-105'5°,  and 
boils  at  313°-315°. 

CUMIDINE  RED  v.  Azo-  COLOUEING  MAT- 
TERS. 

CUMIN,  OIL  OF,  V.  Oils,  Essential. 

CUPFERRON  V.  Hydboxylamine. 

CUPRATION.  Copper  albuminate. 

CUPREINE  V.  Cinchona  Alkaloids. 

CUPRENE  (C7H6)2.  a yellow  substance 


CURARA. 


435 


obtained  by  passing  acetylene  over  reduced 
copper  heated  above  180°,  and  treating  the  brown 
solid  so  formed  repeatedly  with  acetylene  until 
no  further  change  occurs. 

CUPRI-ADEPTOL.  Copper  m-phenol  sul- 
phonate. 

CUPRISIN.  Trade  name  for  a preparation 
of  cupric  cyanide  and  potassium  cyanide,  used 
for  the  treatment  of  trachoma, 

CUPRITE.  Native  cuprous  oxide,  CujO, 
crystallising  in  the  cubic  system.  Brilliant, 
transparent  crystals  of  a ruby-red  colour  (hence 
the  name  ruby-copper-ore)  are  not  uncommon ; 
sp.gr.  6'0.  In  the  variety  called  chalcotrichite, 
the  crystals  are  capillary  in  form,  being  enor- 
mously elongated  in  the  direction  of  one  of  the 
cubic  edges,  and  are  loosely  matted  together  in 
plush-like  masses.  Another  variety,  known  as 
tile-ore  (Ger.  Ziegelerz),  is  earthy  or  compact 
and  of  a brick-red  or  brownish  colour ; it  con- 
sists of  an  intimate  mixture  of  cuprite  and 
limonite,  and  has  resulted  from  the  alteration  of 
copper-pyrites.  Cuprite  is  sometimes  of  im- 
portance as  an  ore  in  the  upper  oxidised  portions 
of  copper  veins.  L.  J.  S. 

CUPROCITROL.  Trade  name  for  copper 
citrate, 

CUPROL.  A compound  of  nucleinic  acid 
and  copper. 

CUPRONICKEL  Nickel. 

CUPROSILICON,  Cuprous  silicide  (v.  Copper) 

CURARA.  Curare,  JJrari,  Woorari,  Woorali, 
Woorara.  Curara  is  the  arrow  poison  of  those 
tribes  of  South  American  Indians  which  inhabit 
the  districts  lying  between  the  Amazon  and  the 
Orinoco.  It  was  first  brought  to  Europe  by  Sir 
Walter  Raleigh,  in  1595,  and  from  that  time  to 
this  its  origin  and  preparation  have  been  much 
cUscussed  by  travellers  and  botanists.  A sum- 
mary of  the  earlier  observations  of  La  Con- 
damine,  A.  v.  Humboldt  and  Bonpland,  Water- 
ton,  Schomburgk,  Castelnau,  Weddell,  Thirion, 
Jobert,  Crevaux,  and  others  is  given  by  Planchon 
(Pharm.  J.  [3]  11,  469,  491,  529,  589,  693,  and 
754).  It  is  shown  that  curara  is  an  aqueous 
extract  of  a mixture  of  many  plants,  one  of 
which  is  always  a species  of  Strychnos,  and  gives 
to  it  the  chief  toxic  power,  whilst  the  remainder 
contribute  those  other  qualities  which  render 
the  extract  suitable  for  the  tipping  of  arrow 
heads.  The  method  of  preparation  adopted  by 
one  tribe  of  Indians  is  described  by  Schomburgk 
{ibid.  [3]  10,  646).  The  product  differs  some- 
what with  the  locality  in  which  it  is  prepared. 
Planchon  distinguishes  four  varieties  : the 
curara  of  the  Orinoco,  of  the  Upper  Amazon, 
of  French  Guiana,  and  of  British  Guiana.  The 
chief  active  ingredient  in  the  preparation  of  the 
first  is  a Strychnos  plant,  closely  allied  to 
Schomburgk’s  S.  toxifera  (J.  Pharm.  Chim.  [5] 
5,  20),  of  the  second,  S.  Castelncei  (Weddell),  of 
the  third,  8.  Crevauxiana  (Baill.),  and  of  the 
fourth,  8.  toxifera  (Schomb.). 

As  seen  in  Europe,  curara  is  a brown  to  black, 
nearly  solid,  or  even  brittle,  extract.  It  has  a 
bitter  taste,  and  in  its  poisonous  action  it  is 
related,  though  opposed,  to  strychnine.  In 
medicine,  it  has  been  occasionally  employed  in 
the  treatment  of  tetanus  and  hydrophobia,  but 
it  is  not  included  in  any  pharmacopoeia.  Great 
care  is  necessary  in  its  administration,  and  the 
solution  should  first  be  tested  on  animals. 


For  the  earlier  chemical  investigations  of 
curara,  see  Fliickiger  (Arch.  Pharm.  1890,  228, 
78).  Our  present  knowledge  is  mainly  due  to 
Boehm  (Chem.  Zentr.  1895,  ii.  1084  ; 1897,  ii. 
1078 ; Arch.  Pharm.  1898,  235,  660),  who 
showed  that  the  alkaloids  of  curara  can  be 
divided  into  two  classes  : (1)  compounds  similar 
to  curine,  partly  crystalline  and  partly  amor- 
phous, soluble  in  water  with  difficulty  and  pre- 
cipitated from  solution  by  ammonia,  in  which 
the  characteristic  toxic  effect  of  curara  is  shown 
very  slightly  or  not  at  all ; (2)  amorphous  yellow- 
ish-red substances  easily  soluble  in  water  as 
curarine,  not  precipitated  by  ammonia,  and 
showing  the  most  marked  toxic  action.  Of 
most  specimens  of  curara,  about  70-90  p.c.  is 
soluble  in  tepid  water ; sometimes,  however, 
scarcely  more  than  half  is  soluble.  Para  curara, 
which  is  imported  in  bamboo  tubes  and  is  the 
variety  now  usually  met  with  in  commerce, 
contains  about  11-14  p.c.  water,  12  p.c.  ash, 
12-15  p.c.  curine  CigHigOgN,  which  is  isolated 
by  extracting  the  raw  material  with  water, 
precipitating  by  aqueous  ammonia  and  ex- 
tracting with  alcohol.  It  melts  at  212°,  and  is 
obtained  in  crystals  from  benzene  or  alcohol 
with  one  molecule  of  the  solvent  or  from  methyl 
alcohol  without  alcohol  of  crystallisation.  Tuho- 
curarine  {paracurarine)  C19H21O4N  was  obtained 
as  a reddish-yellow  substance  which  forms  about 
9-11  p.c.  of  raw  curara.  It  is  not  identical 
with  the  previously  known  curarine,  isolated 
from  calabash  curara.  The  latter  kind,  which 
was  sent  over  from  the  Orinoco  via  Venezuela 
in  small  gourds,  used  to  be  the  common  variety, 
but  is  now  seldom  met  with  ; it  is  much  superior 
to  tube  curare,  and  seems  to  be  derived  from 
Strychnos  toxifera.  Earlier  investigations,  as 
a rule,  refer  to  this.  The  active  principle, 
curarine  CigHgeONa  (?),  consists  of  hard  glisten- 
ing garnet-red  laminae,  decomposing  and  giving 
off  a smell  of  trimethylamine  when  heated  to 
150°.  A minute  quantity  of  a second  alkaloid 
was  found  to  be  present. 

A third  variety  of  curara,  from  the  Upper 
Amazon,  occurs  in  the  market  in  small  jars  of 
unburnt  clay.  This  differs  widely  in  respect  to 
active  principles  from  the  other  varieties.  The 
following  substances  have  been  extracted  from 
it  : protocurine  C20H23O3N,  colourless  needles, 
which  turn  brown  at  160°  and  melt,  with  de- 
composition, at  306°  ; protocuridine  C19H21O3N, 
colourless  prismatic  crystals,  m.p.  274°-276° ; 
and  protocurarine  C19H23O2N  (?),  an  amorphous 
red  powder,  more  poisonous  than  the  other 
curarines. 

The  inert,  or  slightly  active,  curines  appear 
to  be  tertiary  bases,  the  curarines  are  quaternary 
ammonium  bases,  and  in  this  connection  it  is 
noteworthy  that,  according  to  Crum  Brown 
and  Fraser  (Proc.  Roy.  Soc.  Edinburgh,  1869, 
560),  nearly  all  ammonium  bases  paralyse  motor 
nerve  endings  and  have  a curare-like  effect.  In 
the  case  of  curine  and  tubo-curarine,  at  least, 
there  seems  to  be  a close  chemical  relationship  ; 
both  appear  to  be  derivatives  of  methoxylated 
quinoline.  Curine  methiodide  produces  the 
typical  curare  effect  and  resembles  tubo- 
curarine.  The  colour  reactions  of  curarine 
indicate  a relationship  to  strychnine.  Pure 
curarine  is  extremely  active ; mg. 

injected  will  paralyse  a frog ; given  by  the 
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mouth  it  is  inactive.  It  paralyses  the  motor 
nerve  endings,  but,  even  in  large  doses,  leaves 
other  tissues  unaffected.  Hence  it  is  much 
employed  in  physiological  research  (c/.  e.g. 

‘Edmunds  and  Roth,  Amer.  J.  Physiol.  1908,  23, 
28,  46).  G.  B. 

CURCAS  OIL,  purging  nut  oil,  physic  nut 
oil  {Oleum  infernale),  is  obtained  from  the  seeds 
of  Jatropha  curcas  (Linn.),  (' purging  nut’),  by 
hot  expression.  The  seeds  consist  of  66  p.c.  of 
kernels  and  34  p.c.  of  husks.  From  the  former 
there  is  obtained  by  extraction  with  ether 
52  p.c.  of  oil  of  a pale  colour,  becoming  yellow, 
with  a reddish  tint,  on  exposure  to  the  air. 
Characteristic  of  the  oil  is  its  unpleasant  odour, 
which  assists  in  distinguishing  curcas  oil  from 
other  oils.  Most  prominent  are  the  strong 
purgative  properties  of  the  oil,  which  are  much 
more  pronounced  than  those  of  castor  oil.  It 
may  be  distinguished  from  castor  oil  by  its 
sparing  solubility  in  alcohol,  and  ready  solubility 
in  petroleum  spirit.  The  oil  belongs  to  the  semi- 
drying  oils  ; its  liquid  fatty  acids  consist  of 
about  equal  proportions  of  oleic  and  linolic 
acids,  as  ascertained  by  the  relative  quantities 
of  their  oxidation  products  (viz.  dihydroxy- 
stearic  and  tetrahydroxystearic  acids).  This 
oil  is  stated  by  Bouis  to  contain  j'socetic  acid, 
but  the  existence  of  this  acid  is  doubtful. 

The  recorded  values  show  considerable 
variations,  but  genuine  expressed  oil  has  sp.gr. 
0'9204-0'9205  at  15‘5°;  saponification  value, 
192-193;  iodine  value,  98-100;  and  acetyl 
value,  7 '5- 10. 

In  addition  to  its  use  as  a medicine,  curcas 
oil  is  also  used  in  the  manufacture  of  soap,  and 
to  a limited  extent  for  burning. 

Nearly  related  to  the  above-described  oil 
are  the  oils  obtained  from  the  seeds  of  J atropha 
oUgandra  (Mull.)  andJ.  midtifida  (Linn.). 

J.  L. 

CURCUMEINE  v.  Azo-  coLouEma  matters. 

CURCUMIN  V.  Turmeric. 

CURCUMINES  V.  Azo-  COLOURESTG  MATTERS. 

CURCUPHENINEv.Azo  -COLOURING  MATTERS 

C URINE  V.  CURARA. 

CUSCOHYGRINE  Cocaine  and  the  Coca 

ALKALOIDS. 

CUSPARIA  BARK.  Angostura  hark ; Ca- 
ro7iy  hark.  {Ecorce  d' Angusture,  Fr.  ; Angos- 
tura-Rinde,  Ger.)  The  bark  of  the  Cusparia 
febrifuga  (Hiemb.)  or  Galipea  cusparia  (St. 
Hilaire),  a tree  inhabiting  the  mountain  dis- 
tricts drained  by  the  Orinoco  (c/.  Bentl.  a.  Trim. 
43).  Confusion  has  sometimes  occurred  between 
cusparia  and  nux  vomica  bark.  The  two  barks 
may,  however,  be  readily  distinguished  by  treat- 
ment with  a drop  of  nitric  acid,  which  either 
deepens  the  colour  of  the  cusparia  or  gives  it  a 
bluish  shade,  while  nux  vomica,  similarly 
treated,  exhibits  a blood-red  colour.  Several 
other  barks  hafve,  from  time  to  time,  been  sub- 
stituted for  true  angostura.  (For  these,  and  the 
mode  of  detecting  them,  v.  Pereira  (Mat.  Med. 
3rd  ed.  2,  1915)  ; Maisch  (Amer.  J.  Pharm. 
1874,  50)  ; Cazeneuve  (Rep.  de  Pharm.  1874, 
261)  ; Oberlin  and  Schlagdenhauffen  (Pharm. 
jfieit.  1878,  853).)  For  the  bark  of  Esenbeckia 
febrifuga,  which  enters  commerce  under  the 
name  of  angostura  bark,  see  Hartwich  and 
Gamper  (Arch.  Pharm.  238,  568),  Cusparia 


bark  contains  about  four  alkaloids,  a little 
ethereal  oil,  a bitter  principle,  and  a glucoside. 
Of  total  alkaloids  there  is  1 '8  p.c.  free  and  0'6  p.c, 
in  a combined  state.  By  far  the  most  abundant 
alkaloids  are  cusparine  and  galipine,  discovered 
by  Korner  and  Bohringer  (Gazz.  chim.  ital. 
1883,  13,  363).  They  are  removed  from  the 
ethereal  percolate  of  the  bark  by  shaking  with 
20  p.c.  acetic  acid,  which  leaves  small  quantities 
of  other  bases  behind.  The  separation  of  cuspa- 
rine from  galipine  is  effected  by  fractional 
crystallisation  of  the  free  bases,  from  ligroin, 
but  principally  by  conversion  into  the  oxalates  ; 
cusparine  oxalate  is  very  little  soluble  in  water, 
while  galipine  oxalate  remains  in  solution 
(Troger  and  Kroseberg,  Arch.  Pharm.  1912,  250, 
494). 

Galipine  CgoHaiOgN  forms  colourless  needles, 
m.p.  115°;  when  pure  the  salts  are  colourless. 
Oxidation  with  permanganate  yields  veratric 
and  methoxyquinoline  carboxylic  acids,  whence 
Troger  and  Kroseberg  have  suggested  the 
following  constitution  : 


CHg-CHa 


N OMe 


Cusparine  has,  according  to  Troger  and 
Beck  (Arch.  Pharm.  1913,  251,  246),  the  com- 
position Ci9Hi703N,  and  not  C20II19O3N,  as 
previously  supposed.  It  is  probably  trimor- 
phous,  and  may  melt  at  90°-91°,  or  at  110°-122°. 
Its  salts,  and  particularly  the  oxalate,  are 
sparingly  soluble,  and  hence  it  is  the  easiest  of 
the  angostura  alkaloids  to  isolate.  Sulphuric 
acid  gives  a dull-red,  rapidly  changing  to  cherry- 
red,  Frohde’s  reagent  a deep-blue,  colouration. 
On  melting  its  salts  with  organic  acids,  it 
changes  to  pyrocusparine  CigHijOgN,  m.p, 
255°,  which  base  gives  well- crystallised  salts. 
Like  galipine,  cusparine  seems  to  be  a quinohne 
derivative  (Troger  and  Beck).  It  is  a tertiary 
base,  and  contains  one  methoxyl  group.  As 
protocatechuic  acid  is  obtained  by  potash 
fusion,  it  is  conceivable  that  it  contains  a 
methylenedioxy  group  instead  of  the  two 
methoxy  groups  of  galipine,  which  would  be  in 
accordance  with  the  empirical  formula.  Cus- 
pareine  CigHigOaN,  according  to  Troger  and 
Runne  (Arch.  Pharm.  1911,  249,  174),  is  ex- 
tracted by  light  petroleum  from  the  amorphous 
bases  left  after  crystallisation  of  cusparine  and 
galipine.  It  melts  at  56°,  distils  almost  without 
decomposition,  contains  two  methoxy  groups, 
and  yields  quinoline  on  zinc -dust  distillation. 
Troger  and  Runne  also  describe  galipoidine 
C19H15O4N,  m.p.  233°,  and  Troger  and  Beck 
{l.c.)  yet  another  alkaloid  CigHigOgM  (?),  m.p, 
186°.  Cusparidine  and  galipidine  of  Beckurts 
and  Nehring  are,  according  to  Troger  and 
Kroseberg,  merely  mixtures  of  cusparine  and 
galipine.  Other  papers  on  angostura  alkaloids 
are  by  Troger  and  Muller  (Arch,  Pharm.  1910, 
248,  1 ; 1914,  252,  459),  by  Beckurts  and 

Nehring  (Arch.  Pharm.  1891,  229,  591),  and  by 
Beckurts  and  Frerichs  (Arch.  Pharm.  1905, 
243,  470). 

The  essential  oil  (from  Cusparia  trifoliata, 
Engl.)  is  described  in  Schimmel  and  Co.’s  Semi- 
Annual  Report,  April,  1913.  The  yield  was 
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DOS  p.c.  of  the  bark  ; D^5  0’9285  ; a^^~7'32°  ; 

1 ‘50744  ; colour,  pale  brown  ; acid  number, 

D8  ; ester  number,  5 ‘5  ; acetyl  number,  35*7  ; 
the  oil  is  not  completely  soluble  even  in  9 volumes 
of  90  p.c,  alcohol. 

Angosturin  C9H12O5,  m.p.  58'^,  is  a crystal- 
line bitter  principle,  readily  soluble  in  water 
and  in  alcohm,  but  not  in  ether  (Beckurts  and 
Nehring), 

Angostura  bark  is  a constituent  of  ‘ Ango- 
stura bitters,’  and  is  used  in  medicine  as  a tonic 
in  derangements  of  the  alimentary  canal,  but 
it  is  not  included  in  the  B.P.  nor  in  the  U.S.P. 

G.  B. 

CUSSO,  KOUSSO,  V.  Kosin,  art.  Besests. 

CUSYLOL.  Trade  name  for  soluble  copper 
citrate. 

CUTCH.  Considerable  quantities  of  cutch 
are  now  prepared  in  Burma.  It  is  obtained 
from  the  Acacia  Catechu,  the  trees  being  felled 
while  green,  the  bark  taken  off,  and  the  timber 
chopped  up  and  boiled  in  large  cauldrons. 
The  resultant  liquid  is  drained  off,  and  solidifies 
as  it  cools.  In  the  better  qualities  of  cutch 
only  the  heart-wood  of  the  tree  is  utilised.  Cutch 
is  brought  to  the  market  in  several  forms,  the 
three  principal  ones  being  : (1)  tablets — small 
rectangular  blocks  weighing  from  1 to  2 lbs.  ; 
(2)  blocks — more  or  less  square  blocks  weighing 
from  28  to  56  lbs,  ; (3)  baskets — a soft  cutch 
of  a thick  consistency.  Tablet  cutch  is  the  best 
quality,  and  basket  cutch  the  lowest.  Block 
and  basket  cutch  usually  contain  more  impurities 
than  tablet  cutch.  On  arrival  in  Rangoon  the 
cutch  is  packed  in  wooden  cases  (usually  con- 
taining 1 cwt.  net),  and  is  then  ready  for  export. 

Cutch  trees  are  found  throughout  the  whole 
of  Burma,  but  the  principal  producing  districts 
are  Prome,  Thayetmo,  Myingyan,  Minbu,  Pegu, 
Yamethin,  and  Pyinmana. 

Cutch  is  used  largely  as  a dye,  and  for 
tanning,  and  as  a preservative,  especially  for 
preserving  fishing  nets  and  sails.  See  also 
Oate  chtt 

CYANACETIC  ACID  v.  Malonic  acid. 

CYANELLAGIC  ACID.  Cyanellagic  acid 
Ci4HgOio  is  prepared  by  heating  ellagic  or 
flaveliagic  acid  with  100  p.c.  sulphuric  acid  at 
185°-230°  (Perkin,  Chem.  Soc.  Proc.  22,  114), 
or  with  arsenic  and  sulphuric  acids  at  130°.  It 
crystallises  from  pyridine  in  small  yellow  pris- 
matic needles,  and  is  soluble  in  strong  alkaline 
solutions  with  a green-yellow  tint,  changing  to 
deep  blue  on  dilution.  The  hexa-acetyl  deriva- 
tive C440io(C2H30g),  forms  colourless  needles, 
melts  at  330°-332°,  and  the  hexabenzoyl  com- 
pound, colourless  needles,  m.p.  343°-345°.  Cyan- 
ellagic acid  is  most  probably  dihydroxyellagic 
acid,  and  in  this  case  possesses  the  following 
constitution  : — 


OH! 

OH  OH 

It  dyes  mordanted  fabrics  more  readily  than 
ellagic  acid.  A.  G.  P. 

CYANIDES.  Compounds  of  the  radical 
cyanogen  CN,  The  history  of  the  cyanid 


-0— CO 
iCO— ol 


■^^OH 


OH 


industry  begins  with  the  discovery  of  Prussian 
blue  by  Diesbach  in  1704  (H.  Kopp,  Geschichte 
der  Chemie,  4,  369).  While  attempting  to 
make  Florentine  lake  by  precipitating  a mixture 
of  cochineal  infusion,  alum,  and  ferrous  sul- 
phate with  an  alkali,  he  obtained  a blue  colour. 
The  alkali  used  was  potash,  over  which  Dippel 
had  distilled  his  animal  oil,  and  Dippel  recog- 
nised in  this  the  source  of  the  blue  colouring 
matter.  The  new  blue  very  quickly  came  into 
use  in  place  of  ultramarine,  and  in  1710  it 
was  sold  at  one-tenth  the  price  of  the  latter. 
The  method  of  manufacture  was  a secret  until 
1724,  when  Woodward  showed  that  the  blue 
could  be  prepared  by  calcining  blood  with 
potassium  carbonate  and  then  treating  the 
aqueous  extract  ^ with  ferrous  sulphate  and  alum, 
the  greenish  precipitate  so  obtained  yielding 
Prussian  blue  when  treated  with  hydrochloric  acid. 

This,  in  its  essential  features,  was  the 
method  of  manufacture  which  supplied  the 
world’s  requirements  of  cyanogen  compounds 
for  nearly  150  years. 

Macquer,  in  1752,  showed  that  alum  is  not 
required,  and  that  Prussian  blue,  when  boiled 
with  an  alkali,  yields  ferric  hydroxide  and  a 
soluble  salt  from  which  the  blue  can  be  re- 
generated, This  salt,  potassium  ferrocyanide, 
was  first  obtained  in  the  crystalline  form  by 
Sage  in  1772. 

The  brilliant  researches  of  Scheele,  1782-3 
(Chemical  Essays,  London,  1786),  Berthollet, 
1790  (Ann.  Chim,  Phys.  1790,  1,  30),  and  of 
Gay  Lussac,  1815  {ibid.  1815,  95,  156),  in  the 
course  of  which  the  relationships  of  the  ferro- 
cyanides,  hydrocyanic  acid,  cyanogen,  and 
many  of  their  derivatives  were  discovered,  laid 
a firm  scientific  foundation  for  the  industry. 

Prussian  blue  was  manufactured  in  Great 
Britain  in  1770  by  Bramwell  & Co,  of  Newcastle  ; 
it  sold  then  at  2 guineas  per  lb.  ; the  price  had 
fallen  in  1815  to  10s.  6d.,  in  1820  to  2s.  6d.,  and 
in  1850  to  Is.  9d.  Crystallised  potassium  ferro- 
cyanide was  first  known  in  commerce  about 
1825,  the  price  being  5s,  per  lb.,  although  a 
solution  had  been  sold  previously  (Graham, 
Reports  of  Juries,  Exhib.  of  1851,  1,  95). 

The  conversion  of  potassium  ferrocyanide 
into  potassium  cyanide  by  fusion  with  potassium 
carbonate,  was  first  described  by  F.  and  E. 
Rodgers  in  1834  (Phil.  Mag,  1834  [3]  4,  91),  but 
the  simple  cyanides  were  not  used  in  any  con- 
siderable quantity  until  the  process  of  electro- 
plating with  gold  and  silver,  from  a cyanide 
solution,  was  discovered  by  J.  R.  and  H.  Elking- 
ton  in  1840  (Eng.  Pat.  8447,  of  1840). 

An  interesting  application  of  potassium 
ferricyanide  was  discovered  by  Sir  J.  Herschel 
in  1842  (Phil.  Trans.  1842).  Paper,  treated 
with  a solution  containing  ferric  ammonium 
citrate  and  potassium  ferricyanide,  becomes  blue 
when  exposed  to  light,  owing  to  the  reduction  of 
the  ferric  salt  and  consequent  formation  of 
Prussian  blue.  Paper  sensitised  in  this  way  is 
used  for  the  reproduction  of  engineering 
drawings. 

A very  remarkable  attempt  was  made  by 
Possoz  and  Boissiere  in  the  year  1843,  to  manu- 
facture cyanides  from  atmospheric  nitrogen  ; 

’ Lixivium  sanguinis  or  blood-lye,  whence  the 
German  name  of  potassium  ferrocyanide,  ‘ hlutlauqcM- 
srclz,’ 
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this  is  described  under  the  heading  Potassium 
CYANIDE. 

The  year  1860  witnessed  three  important 
developments  in  the  cyanide  industry.  Gautier- 
Bouchard  (A.  W.  Hofmann,  Reports  by  the 
Juries,  Inter.  Exhib.  of  1862,  59-63)  began  to 
produce  prussiate  from  the  spent  oxide  of  the 
Paris  gas  works.  A.  Gelis  (Eng.  Pat.  1816.  of 
1860)  synthesised  it  from  carbon  disulphide 
and  ammonia ; and  Margueritte  and  de  Sour- 
deval  (Eng.  Pat.  1171,  of  1860)  attacked  the 
problem  of  the  fixation  of  atmospheric  nitrogen 
by  means  of  barium  oxide  and  carbon. 

The  existence  of  cyanogen  compounds  in 
coal  gas  was  known  in  1843,  and  possibly  still 
earlier.  E.  Jacquem3ms  (Annalen,  1843,  46, 
236),  whose  attention  was  drawn  to  them  by 
H.  Rose,  says  that  he  found  none  in  gas  lime,  but 
obtained  0'75  gram  of  Prussian  blue  per  litre 
from  ammonia  liquor.  The  purification  of  coal 
gas  by  means  of  iron  oxide  was  introduced  in 
1847.  Owing  to  the  repeated  use  of  the  same 
quantity  of  oxide,  the  cyanogen  compounds 
accumulate  in  it  in  a relatively  concentrated 
form,  and  it  was  therefore  naturally  the  first 
gas  works  product  to  be  used  in  their  manu- 
facture. Prussian  blue,  made  from  spent  oxide, 
was  exhibited  by  Gauthier-Bouchard  at  the 
London  Exhibition  of  1862. 

Both  the  process  of  Gelis  and  that  of  Mar- 
gueritte and  de  Sourdeval  were  soon  abandoned 
by  their  inventors  ; the  recovery  of  cyanides 
from  spent  oxide,  on  the  other  hand,  developed 
fairly  rapidly,  and,  according  to  Dupre  (Journ. 
fiir  Gasbeleuchtung,  1884,  885),  there  were,  in 
1884,  10  works  making  prussiate  by  this 

means. 

The  competition  of  the  gas  works  ferrocy- 
anide,  the  increasing  cost  of  nitrogenous  organic 
matters  (which  were  being  more  and  more  used 
as  fertilisers),  and  the  diminished  use  of  Prussian 
blue  due  to  the  competition  of  blue  colouring 
matters  derived  from  coal  tar,  led  to  the  dis- 
appearance of  the  old  process  in  Europe  about 
this  time. 

In  the  United  States  of  America,  it  appears 
to  have  held  its  own  somewhat  longer ; the 
returns  of  the  U.S.  Census  for  1900  (Bulletin 
No.  210,  31,  1902)  show  18  works  engaged  in 
the  manufacture  of  cyanides  with  a joint 
annual  production  of  2752  tons  of  yellow 
prussiate,  almost  entirely  made  from  hoofs, 
horns,  and  scrap  leather,  only  1200  tons  of  spent 
oxide  having  been  used. 

Between  1875  and  1885,  the  sulphocyanides, 
especially  the  tin  and  aluminium  salts,  appear  to 
have  been  used  in  calico  printing  instead  of  the 
acetates  (Bertelsmann,  Die  Technologie  der 
Cyanverbindungen,  303),  and  Gelis’  synthesis 
was  taken  up  and  improved  by  Giinzburg  and 
Tcherniac  (Eng.  Pat.  1148,  of  1878;  1359,  of 
1879 ; 1261,  of  1881),  but  without  financial 

success. 

In  1887,  J.  S.  Mac  Arthur,  R.  W.  and  W. 
Forrest  (Eng.  Pat.  14174,  Oct.  19,  1887  ; 10223, 
of  1888)  patented  their  process  for  the  extraction 
of  gold  and  silver  from  their  ores  by  means  of  a 
dilute  solution  of  a cyanide.  The  process  was 
carried  out  by  allowing  a solution  containing 
0’25  p.c.  or  less  of  potassium  cyanide  to  perco- 
late through  the  ore,  which  was  usually  ground 
to  pass  a sieve  with  40  or  60  holes  to  the  linear 


inch.  The  gold  is  dissolved  in  the  form  of 
potassium  aurocyanide,  and  is  recovered  froin 
the  solution  by  passing  it  through  a mass  of  zinc 
shavings.  The  process  was  first  put  into 
practice  at  Karangahake,  New  Zealand,  in  1889, 
and  near  Johannesburg,  Transvaal,  in  1890. 
The  success  of  these  installations  led  to  a very 
rapid  adoption  of  the  process  in  all  the  gold- 
producing  countries  of  the  world.  • 

Prior  to  the  introduction  of  this  process,  the 
cyanide  industry  was  quite  a small  one.  The 
world’s  consumption  of  potassium  cyanide 
(produced  exclusively  from  ferrocyanide  by  the 
Rodgers  process)  (F.  Roessler,  V.  Internationaler 
Kongress  fiir  Angewandte  Chemie,  Berlin,  1903, 
1,  638)  did  not  exceed  50-70  tons  per  annum 
(G.  Beilby,  J.  Soc.  Chem.  Ind.  1898,  134)  and 
that  of  yellow  prussiate  was  probably  under 
rather  than  over  5000  tons  (worth  together  about 
325,000/.). 

Ten  years  later,  just  before  the  Transvaal 
War,  the  European  production  of  potassium 
cyanide  was  estimated  by  Beilby  (V.  Inter. 
Kongress  Angew.  Chem.  Berlin,  1903,  1,  630)  as 
5500  tons,  adding  the  American  production  of 
about  1000  tons  (U.S.  Census  Bulletin,  No.  210, 
31,  1902),  we  arrive  at  a total  production  of 
6500  tons. 

The  increased  quantities  of  potassium 
cyanide  required  by  the  gold-mines  were  at  first 
supplied  by  fusing  potassium  ferrocyanide  with 
potassium  carbonate,  and  very  soon  afterwards 
by  E.  Erlenmeyer’s  process  (Ber.  1876,  1840), 
in  which  dry  prussiate  and  metallic  sodium  are 
used  : K4Fe(CN)6+2Na=2NaCN+4KCN+Fe. 
Synthetic  processes  producing  cyanide  direct 
without  the  intervention  of  prussiate,  were  also 
proposed  in  great  numbers.  The  approximate 
numbers  of  patents  connected  with  cyanide 
manufacture  applied  for  were  : 1889-1898, 

104;  1899-1908,  129;  1909-1917,  106.  The 
principal  processes  which  have  been  worked 
with  some  measure  of  success,  are  : — 


Began  pro- 

Process.  Where  worked.  ductioii  in 

Siepermann.  Stassfurt,  Germany.  1892 

Beilby.  Glasgow,  Scotland  1892 

British  Cyanides  Oldbury,  England.  1895 


Co. 

Raschen. 

Readman. 

Castner. 


Runcorn,  England.  1898 

Leven,  Scotland.  1899 

Germany,  Scotland,  1899-1900 


U.S.A. 


Bueb  Dessau,  Germany.  1902 

(‘  Schlempe  ’). 


These,  and  others,  are  described  fully  below. 

The  recovery  of  cyanides  from  the  products 
of  distillation  of  coal  was  also  improved  by  the 
introduction  of  special  cyanide  scrubbers  during 
the  decade  1890-1900  ; whereas  the  iron  oxide 
purifiers  had  yielded  but  little  more  than  one-half 
of  the  cyanogen  in  a useful  form,  the  newer 
processes  give  an  almost  quantitative  recovery. 

About  the  year  1900  the  fruit  trees  of  Cali- 
fornia and  the  Southern  States  of  America  were 
threatened  with  extermination  by  a parasitic 
scale.  The  investigations  of  the  Experiment 
Stations  of  the  U.S.  Department  of  Agriculture 
showed  that  this  could  be  killed  without  injury 
to  the  trees  by  fumigation  with  hydrocyanic 
acid.  The  method,  which  was  introduced 


CYANIDES. 


439 


about  1903,  is  now  very  widely  used,  both  in  the 
United  States  of  America  and  in  other  countries. 
It  has  also  been  extended  in  other  directions, 
such  as  killing  insects  in  hot-houses,  and  freeing 
railway  carriages  and  houses  from  vermin  (in 
South  Africa).  Details  will  be  found  under  the 
heading  Hydrocyanic  acid.  Statistics  collected 
by  George  P.  Gray  show  that  the  consumption 
of  sodium  cyanide  for  fumigating  citrus  trees 
during  1916  in  the  State  of  California  alone 
exceeded  1300  tons  (J.  Ind.  Eng.  Chem.  10, 
301,  1918). 

Another  application  which  may  be  mentioned 
is  in  case-hardening  iron  ; immersion  in  fused 
cyanide  produces  a very  hard  skin  on  mild 
steel,  and  both  cyanides  and  ferrocyanides 
have  long  been  used  for  this  purpose  in  ordinary 
workshop  practice.  According  to  J.  E.  Bucher 
(J.  Ind.  Eng.  Chem.  9,  236,  1917),  the  reversible 
reaction  2NaCN^2Na+2C+N2  takes  place 
in  presence  of  iron ; if  pure  iron  is  heated  with 
sodium  cyanide  the  latter  is  decomposed  and 
the  carbon  combines  with  the  iron  ; if,  on  the 
other  hand,  carbonised  iron  is  heated  with 
sodium  and  nitrogen,  the  carbon  is  removed 
from  it,  and  cyanide  formed. 

Potassium  cyanide,  as  used  in  electro- 
plating, was  a material  having  the  appearance 
of  unglazed  porcelain,  and  containing  from  30 
to  70  p.c.  of  KCN,  together  with  large  quanti- 
ties of  carbonate  and  cyanate.  The  material 
supplied  to  the  gold-mines  in  the  early  days  of 
the  gold-extracting  process  was  a black  mass 
containing  some  75  p.c.  of  KCN,  and  all  the  iron 
and  carbon  liberated  by  the  decomposition  of 
the  ferrocyanide.  This  was  replaced  by  the 
pure  white  crystalline  product  of  the  Erlen- 
meyer  process,  which  contained  about  2 mole- 
cules of  KCN  to  1 molecule  of  NaCN,  the  cyano- 
gen content  being  about  40  p.c.,  equivalent 
to  98-100  p.c.  of  KCN.  The  earlier  produce  of 
the  Beilby  process  was  in  the  form  of  cakes, 
which  were  coloured  black  by  a small  per- 
centage of  charcoal.  Later,  by  filtration  of  the 
molten  cyanide,  the  charcoal  was  removed, 
and  the  product  was  white  or  pale  grey,  and 
free  from  insoluble  impurities.  Shortly  after 
the  introduction  of  the  Castner  process,  in  1 900, 
solid  cakes  of  pure  white  crystalline  sodium 
cyanide,  containing  97  p.c.  to  98  p.c.  of  NaCN 
(equivalent  to  129-130  p.c.  of  KCN),  became  an 
article  of  commerce,  and  this  is  at  present  the 
form  in  which  the  greater  part  of  the  cyanide 
employed  in  gold-extracting  is  used.  Sodium 
cyanide,  obtained  by  the  evaporation  of  aqueous 
solutions,  as  in  the  Beadman  and  ‘ Schlempe  ’ 
processes,  is  compressed  into  briquettes,  which 
contain  about  90  p.c.  of  NaCN. 

Potassium  ferrocyanide  has  also  been  re- 
placed to  a very  large  extent  by  the  sodium  salt 
which  is  quite  easily  prepared  by  the  more 
recent  methods  of  extracting  the  hydrocyanic 
acid  from  coal  gas  by  special  cyanogen 
washers. 

The  rapid  rate  of  increase  in  the  world’s 
consumption  of  cyanide  which  followed  the 
introduction  of  the  gold- extracting  process  has 
not  been  maintained.  Since  1909  the  annual 
value  of  the  world’s  gold  output  has  been  almost 
stationary  at  a little  more  than  90,000,000/., 
and  improvements  in  the  process  of  extraction 
have  everywhere  tended  to  diminish  the  quantity 


of  cyanide  needed  to  produce  this.  On  the  Band, 
where  this  tendency  seems  to  have  almost  reached 
a limit,  the  average  consumption  of  cyanide  is 
0'4  lb.  KCN  per  ton  of  ore  treated  (H.  A.  White, 
J.  Chem.  Met.  and  Min.  Soc.  S.  Africa,  1915, 
16,  24).  Increased  use  in  the  treatment  of 
silver  ores  (much  delayed,  however,  by  political 
troubles  in  Mexico)  and  in  agriculture  have  kept 
the  world’s  consumption  from  1910  to  1920 
approximately  constant  at,  in  round  figures, 
20,000  tons  per  annum.  In  1912  and  1913 
Germany  exported  6700  tons  per  annum  (The 
Mineral  Industry,  1917,  25,  882).  The  deficit 
caused  by  the  cessation  of  these  exports  on 
the  outbreak  of  war  in  1914  has  been  covered 
by  increased  production  in  Great  Britain ; a 
temporary  shortage  in  the  United  States  was 
soon  overtaken  by  the  American  makers. 

Manufacture  of  Potassium  and  Sodium 
Ferrocyanides. — (1)  From  nitrogenous  organic 
matter. 

The  method  of  manufacture  from  nitro- 
genous organic  matter  is  now  only  of  historical 
interest. 

The  sources  of  nitrogen  were  horn,  dried 
blood,  hair,  waste  wool,  and  feathers  (15-17  p.c. 
N),  woollen  rags  (10-16  p.c.  N),  pigs’  bristles 
(9-10  p.c.  N),  and  old  leather  (4’5-7  p.c.  N). 
These  materials  were  sometimes  charred  before 
use,  about  80  p.c.  of  the  nitrogen  being  driven 
off  in  the  form  of  ammonia,  hydrocyanic  acid, 
and  a complicated  mixture  of  nitriles  and 
organic  bases. 

The  process  was  carried  out  at  first  in  pear- 
shaped,  cast-iron  muffles,  which  were  replaced 
later  by  reverberatory  furnaces,  the  beds  of 
which  were  formed  of  cast-iron  pans,  5 feet  long, 

3 feet  wide,  4 inches  deep,  and  about  2 inches 
thick.  A charge  of  2 cwt.  of  potash  (usually 
made  up  of  2 parts  of  the  ‘ blue  salt  ’ recovered 
in  a later  stage  of  the  process,  and  1 part  of  fresh 
potash)  was  put  into  the  pan  and  fused  with 
18-20  lbs.  of  iron  turnings  ; 2 cwt.  of  the  dry 
nitrogenous  materials  were  then  stirred  in 
gradually  (2 '5  to  3 cwt.  of  charred  material 
could  be  added  without  making  the  mass  too 
pasty).  The  temperature  was  then  raised  in 
order  to  complete  the  reaction,  and  the  melt 
ladled  out  into  iron  moulds.  After  solidifica- 
tion, it  was  broken  up  and  digested  for  24  hours 
with  water  at  50°-60°,  and  finally  extracted 
completely  with  boiling  water.  The  solution 
obtained  contained  potassium  ferrocyanide, 
sulphocyanide,  carbonate  and  sulphide.  It 
was  evaporated  to  sp.gr.  1*28,  and  allowed  to 
crystallise.  Further  evaporation  yielded  a 
second  crop  of  impure  crystals,  the  mother 
liquor  of  which  was  evaporated  to  dryness, 
leaving  a mixture  of  potassium  carbonate  and 
sulphide,  known  as  ‘ blue  salt  ’ which  was  re- 
turned to  the  fusion  pan. 

The  black  insoluble  residue  left  from  the 
extraction  of  the  ‘ metal,’  as  the  product  of  the 
fusion  was  called,  contained  considerable 
quantities  of  potassium,  mainly  in  the  form  of 
potassium  ferrous  sulphide  and  of  double 
potassium,  calcium,  and  aluminium  silicates. 

The  quantity  of  ‘ metal  ’ produced  was  very 
little  greater  than  the  weight  of  potash  used,  and 

4 charges  were  put  through  in  24  hours,  but 
practice  varied  considerably : C.  Karmrodt 
(Wagner’s  Jahresber.  1857,  3,  139)  speaks  of 
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6 charges  of  500  lbs,  each  as  the  normal  output 
of  a pan  in  24  hours. 

The  yield  of  ferrocyanide  was  seldom  more 
than  20  p.c.  of  the  quantity  theoretically  ob- 
tainable from  the  nitrogen  in  the  materials  used 
when  they  were  not  previously  charred.  Using 
charred  materials,  as  much  as  57  p.c.  of  the 
remaining  nitrogen  was  converted  into  ferro- 
cyanide, corresponding  with  a yield  of  about 
12  p.c.  on  the  nitrogen  originally  present. 

The  quantity  and  composition  of  the  black 
residues  varied  greatly  with  the  kind  of  organic 
matter  used.  The  main  constituents  were  carbon 
(4-9  p.c.),  ferrous  sulphide,  iron,  and  in- 
organic substances  derived  from  the  ash  of  the 
animal  matters  and  adhering  dirt,  the  principal 
being  silica,  lime,  alumina,  and  phosphoric  acid. 
The  quantity  of  potassium  combined  with  these 
substances  in  an  insoluble  form  was  considerable. 
According  to  Karmrodt  (Wagner’s  Jahresber. 
1857,  3,  139),  100  parts  of  ‘metal’  made  (1) 
from  horn  gave  18’7  p.c.  of  dry  residue,  con- 
taining 12'2  p.c.  of  KgO  ; (2)  from  rags,  28'3  p.c. 
of  residues,  with  16 ’7  p.c.  KgO  ; (3)  from  leather, 
35'1  p.c.  of  residue,  with  10'2  p.c.  KoO.  These 
quantities  represent  about  4-|-,  9,  and  7 p.c. 
of  the  potassium  contained  in  the  original 
charge,  and  since  only  some  10  p.c.  of  this  is 
converted  into  ferrocyanide  at  each  operation 
(R,  Brunquell,  Wagner’s  Jahresber.  2,  102, 
1856),  the  loss  of  potash  in  the  residues  appears 
to  have  been  from  45  to  90  p.c.  of  that  usefully 
employed.  Potash  was  also  carried  away  with 
the  flue  gases.  The  iron  pans  survived  several 
hundred  operations. 

The  theory  of  the  process  was  first  given  by 
Liebig  (Annalen,  1841,  38,  20).  Scheele  (Chemi- 
cal Essays,  London,  1786  ; reprinted  1901)  had 
already  shown  that,  lixivium  sanguinis  is  essen- 
tially a solution  of  potassium  cyanide  and  that 
the  addition  of  a ferrous  compound  is  necessary 
to  convert  it  into  prussiate.  Liebig  confirmed 
this  by  extracting  the  ‘ metal  * with  alcohol, 
which  dissolves  out  potassium  cyanide,  leaving 
a residue  from  which  no  ferrocyanide  can  be 
obtained.  He  attributed  the  formation  of  the 
cyanide  partly  to  the  action  of  ammonia  (formed 
by  destructive  distillation  of  the  organic  matter) 
on  carbon,  C+NH3=HCN+Il2,  and  partly  to 
the  action  of  potassium  on  the  nitrogenous 
residue  of  carbon.  It  may  be  remarked  that 
the  temperature  of  the  fusion’  could  not  have 
exceeded  1000°,  since  cast  iron  melts  about 
1 100°,  and  the  pans  withstood  some  hundreds  of 
fusions.  The  temperature,  too,  was  lowered  by 
the  addition  of  the  organic  matter,  occasionally 
sufficiently  to  cause  the  charge  to  solidify,  so 
that  the  reaction  between  ammonia  and  carbon, 
which  requires  a temperature  of  about  1000°, 
could  not  have  occurred  to  any  great  extent. 
The  direct  action  of  ammonia  on  potassium 
carbonate  would,  however,  take  place,  although, 
the  ammonia  being  evolved  on  the  surface 
of  the  mass,  the  conditions  were  not  favour- 
able to  it.  As  to  the  second  of  Liebig’s 
reactions,  the  writer  has  found  that  potassium 
is  not  formed  in  appreciable  quantity  from  a 
mixture  of  charcoal  and  potassium  carbonate 
below  about  1200°,  certainly  not  at  1000°,  so 
that  the  greater  part  of  the  cyanide  must  have 
been  formed  by  the  action  of  potassium  carbonate 
itself  on  the  unknown  carbon-nitrogen  com- 


pounds contained  in  the  charred  organic  matter. 
That  cyanide  may  be  formed  in  this  way  is 
indicated  by  the  fact  that  carbazol,  when  heated 
to  redness  with  caustic  potash,  yields  consider- 
able quantities  of  it  (G.  Kraemer,  Eng.  Pat. 
16529,  of  1894).  The  role  of  sulphur  in  the 
process  was  explained  by  Liebig  thus  : potassium 
sulphate,  which  is  always  present  in  the  potash, 
is  reduced  by  carbon  to  sulphide,  carbonate, 
and  polysulphide.  The  latter  dissolves  iron, 
forming  a double  sulphide  of  iron  and  potassium 
which,  when  the  product  is  lixiviated,  dissolves 
in  the  potassium  cyanide  solution  thus  : 

6KCN + FeS = K4pe(CN)  e + K^S 

If  insufficient  iron  is  present  in  the  fusion, 
the  polysulphide  is  not  entirely  decomposed, 
and  potassium  sulphocyanide  is  also  formed. 
R.  Hoffmann  (Annalen,  1860,  113,  81)  in- 
vestigated the  behaviour  of  the  sulphur  com- 
pounds in  the  process  in*  some  detail,  and 
found  that  the  sulphur  of  potassium  sulphide 
is  rapidly  and  completely  removed  by  iron  alone 
in  the  fusion  process,  and  that  the  same  is  true 
of  potassium  sulphate  in  presence  of  carbon. 
When  organic  matters  are  added  to  the  sulphur- 
free  melt,  however,  sulphocyanide  is  produced 
in  proportion  to  the  quantity  added.  Hoff- 
mann, therefore,  attributes  its  formation  to  the 
organic  sulphur. 

The  behaviour  of  potassium  sulphocyanide 
in  the  fusion  is  not  clearly  understood.  Hoff- 
mann found  that  it  is  completely  decomposed  by 
fusion  with  excess  of  potassium  carbonate, 
yielding  cyanate  and  sulphide ; ^ but  if  the 
mixture  is  again  heated  with  carbon,  the  sul- 
phocyanide is  regenerated.  It  appears,  there- 
fore, that,  under  the  conditions  of  the  process, 
sulphocyanide  is  not  decomposed.  The  reac- 
tion between  iron  and  sulphocyanide  is  described 
below. 

A part  of  the  sulphide  of  iron  formed  is 
present  in  the  form  of  a potassium  ferrous 
sulphide,  FeS'a:K2S,  which  dissolves  in  hot 
water  to  a dark-green,  colloidal  solution  which 
is  coagulated  by  cooling  or  by  adding  excess  of 
potassium  carbonate.  Another  part  is  pro- 
bably present  in  the  form  of  the  crystalline 
potassium  ferric  sulphide  KgS’FegSg,  obtained 
by  K.  Preis  (J.  pr.  Chem.  1869,  107,  10),  by 
fusing  together  finely  divided  iron,  potassium 
carbonate,  and  sulphur.  He  found  that  the 
crystalline  sulphide  was  formed  at  very  high 
temperatures,  and  the  amorphous  one,  yielding 
the  green  solution,  at  lower  temperatures. 

The  reaction  between  potassium  cyanide 
and  ferric  sulphide 

13KCN+re2S3=2K4Fe(CN)  6+KSCN+2K2S 

would  give  a ratio  of  cyanogen  in  the  form  of 
sulphocyanide  to  cyanogen  in  the  form  of  ferro- 
cyanide of  1:12,  whilst  Hoffmann,  in  10  experi- 
ments, found  ratios  Varying  from  1 : 5 to  1 ; 18. 

The  improvements  in  the  process  which  were 
proposed  aimed  at  saving  the  ammonia  evolved 
in  the  early  stages  by  distilling  the  organic 
matters  separately  and  passing  the  ammonia 

• I can  confirm  the  accuracy  of  this  observation. 
Equal  molecules  of  potassium  carbonate  and  sulpho- 
cyanide were,  fused  together  in  a closed  aluminium 
crucible  at  .q00°-r)80°  for  1|  hours,  a little  more  than 
half  of  the  materials  had  reacted  in  accordance  with  the 
equation  KSCN-f-KaCOg^KCNOd-KaS  + COa— T.  E. 
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through  a red-hot  mixture  of  potash  and  char- 
coal (Brunquell,  Wagner’s  Jahresber.  1856,  2, 
102),  or  a similar  mixture  with  iron  added 
(Karmrodt,  ibid.  1857,  3,  139),  or  over  red-hot 
charcoal  forming  hydrocyanic  acid  which  was 
to  be  absorbed,  together  with  the  unchanged 
ammonia,  in  a solution  of  ferrous  sulphate 
(Brunquell).  These  proposals,  unfruitful  at  the 
time,  are  interesting  as  foreshadowing  processes 
which  came  into  successful  operation  nearly  half 
a century  later. 

The  belief,  which  prevailed  until  about  the 
end  of  the  nineteenth  century,  that  cyanogen 
compounds  are  more  easily  produced  from  potash 
than  from  soda,  is  not  entirely  in  accordance  with 
the  older  experimental  evidence.  The  truth 
appears  to  be  that  equally  good  results  can  be 
obtained  with  sodium  carbonate  under  suitable 
conditions,  but  the  conditions  are  not  so  easily 
realised. 

L,  Possoz  (Compt,  rend.  1858,  47,  209)  ob- 
tained, under  manufacturing  conditions,  5 parts 
of  sodium  prussiate,  instead  of  25  parts  of  the 
potassium  salt,  from  100  parts  of  horn,  R. 
Hoffmann  (Annalen,  1860,  113,  81),  using  a very 
high  temperature  and  sodium  carbonate,  got 
the  equivalent  of  11  parts  of  potassium  ferro- 
cyanide  from  100  parts  of  woollen  rags,  against 
10  to  14  parts  with  potash,  and  S.  Tanatar 
(Dingl.  poly.  J.  1880,  237,  234)  obtained  the 
results  tabulated  below,  as  the  means  of  3 to  5 
experiments  : — 


Blood 

charcoal  KoCOo 

NaaCOg  NaCI 

Prussiate 
CaCOg  obtained 

10  25 

— — 

— 2T5 

10  — 

25  — 

— 0-2 

10  — 

5 

25 

— 2T7 

10  — 

5 

25 

3 2-3 

Manufacture  of  Potassium  and  Sodium 
Ferrocyanides. — (2)  From  the  'products  of  distilla- 
tion of  coal.  The  coal  used  in  the  manufacture 
of  illuminating  gas  may  be  taken  to  contain 
from  1 to  1'9  p.c.  of  nitrogen  (Drehschmidt, 
Journ.  fiir  Gasbeleuchtung,  1904,  677 ; J. 
McLeod,  J.  Soc,  Chem.  Ind.  1907,  26,  137). 
When  the  coal  is  distilled,  a part  of  this  nitrogen 
passes  into  the  gas  in  the  form  of  ammonia, 
hydrocyanic  acid  and  free  nitrogen,  a small 
part  is  found  in  the  tar,  and  the  remainder  in 
the  coke.  The  distribution  of  the  nitrogen 
between  these  products  varies  considerably, 
being  influenced  by  the  nature  of  the  coal,  the 
amount  of  moisture  in  it,  the  temperature  of 
distillation,  and  the  kind  of  retort  used.  The 
following  table  indicates  the  magnitude  of  the 
quantities  involved  when  the  coal  is  distilled 
dry  : 


No. 

Kind  of  coal 

P.c.  of  the  total  N of  the  coal  in 

Coke 

NHg 

HCN 

Tar 

Gas 

1 

Durham  . 

48-7 

14-5 

1-6 

35-2 

2 

Westphalia 

50 

12-14 

1-8 

1-5 

30-0 

3 

— 

48 

15 

2 

— 

35 

4 

Scottish  . 

58-3 

171 

1-5 

3-9 

19-5 

1.  Foster,  J.  Gas  Lighting,  1882,  1081. 

2.  Knublauch,  J.  Soc,  Chem.  Ind.  1896,  15, 
106. 


3.  Chief  Inspector  of  Alkali  Works,  43rd 
Report,  1906,  58. 

4.  J.  McLeod,  J.  Soc.  Chem.  Ind.  1907,  26, 
137  ; and  Alkali  Works,  44th  Report,  1907,  215. 

The  effect  of  temperature  on  the  distribution 
of  the  nitrogen  has  been  investigated  by  0. 
Simmersbach  (J.  Soc.  Chem,  Ind.  1915,  34,  895), 
using  a Silesian  coal  containing  1'396  p.c.  of  N. 
The  following  table  contains  some  of  his  results  : 


Temp. 

P.c.  of  the  total  nitrogen 

as  NHg 

as  HCN 

in  tar 

asNa  in  gas 

in  coke 

600 

7-81 

0-25 

2-12 

18-13 

71-69 

800 

21-28 

0-87 

3-47 

10-73 

63-65 

1000 

23-15 

1-23 

4-11 

21-53 

49-98 

1200 

22-84 

1-42 

4-21 

45-10 

26-43 

Even  the  ammonia  liquor  from  low  tempera- 
ture carbonisation  retorts  working  at  427°-455° 
contains  traces  of  cyanogen  compounds  (Alkali 
Works,  45th  Report,  1908,  52). 

Hydrocyanic  acid  is  converted  into  ammonia 
by  water  vapour  at  the  temperature  of  distilla- 
tion used  in  gas  works  and  coke  ovens 

HCN+H^O^NHa+CO 

(Carpenter  and  Linder,  J.  Soc.  Chem.  Ind. 
1905,  24,  63).  The  gas  from  coke  ovens  dis- 
tilling coal  with  some  12  p.c.  of  moisture  there- 
fore contains  about  two-thirds  of  the  quantity 
of  hydrocyanic  acid  found  in  the  gas  made  from 
almost  dry  coal  in  gas  works. 

The  gas  leaving  the  retorts  contains  the 
whole  of  its  cyanogen  in  the  form  of  hydro- 
cyanic acid  (Alkali  Works,  43rd  Rep.  1906, 
33),  the  fate  of  this  depends  on  the  process  of 
purification  adopted.  In  common  practice 
about  one-third  of  it  is  condensed  along  with 
the  ammonia  in  the  virgin  liquor  and  ammonia 
scrubbers  in  English  works  (Alkali  Works, 
43rd  Rep.  1906,  61),  but  less  in  many  German 
works,  where  less  water  is  used  in  the  scrubbers 
(Bertelsmann,  Technologie  der  Cyanverbin- 
dungen,  171).  The  greater  part  of  this  is  converted 
into  sulphocyanide,  and  escapes  finally  in  the 
effluent  from  the  ammonia  stills.  From  50  to  70 
p.c.  is  caught  in  the  iron  oxide  purifiers,  the 
remainder  passing  away  with  the  gas,  where  it 
is  a source  of  damage  to  meters  and  gas-holders. 

A more  complete  recovery  is  obtainable  when 
one  of  the  cyanide  washers  described  below  is 
placed  before  the  ammonia  scrubbers.  Up  to 
1908  attempts  to  recover  cyanogen  compounds 
from  coke-oven  gases  had  been  unsuccessful 
(Alkali  Works,  44th  Rep,  1907,  40). 

The  total  quantity  of  cyanogen  compounds 
formed  during  the  destructive  distillation  of  coal 
is  very  considerable.  In  1912  the  world’s  pro- 
duction of  ammonium  sulphate  was  1,144,000 
tons.  In  Great  Britain  over  70  p.c.  of  the  pro- 
duction came  from  gas  works  and  coke  ovens 
in  which  roughly  one  molecule  of  hydrocyanic 
acid  accompanies  ten  molecules  of  ammonia. 
Assuming  the  same  conditions  in  other  countries, 
it  appears  probable  that  hydrocyanic  acid 
equivalent  to  80,000  tons  of  KCN  is  formed* 
annually ; only  a small  part  of  this  is  actually 
recovered. 

Formation  o/HCN/row  Ammonia  and  Carbon. 
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— The  earliest  synthesis  of  hydrocyanic  acid 
was  effected  by  Clouet  (Ann.  de  Chim.  1791, 
11,  30),  by  passing  dry  ammonia  over  wood 
charcoal  heated  to  bright  redness  in  a porcelain 
tube.  This  reaction  has  been  studied  quanti- 
tatively by  E.  Bergmann  (Journ.  fiir  Gasbel. 
1896,  39,  117),  D.  Lance  (Compt.  rend.  1897, 
124,  819),  G.  A.  Voerkelius  (Dissertation, 

Hannover,  1909),  and  Carpenter  and  Linder 
(Alkali  Works,  45th  Rep.  1908,  26  ; 46th  Rep, 
1909,  21).  The  formation  of  hydrocyanic 

acid  begins  at  about  700°,  and  the  best  yields, 
calculated  on  the  ammonia  used,  are  obtained 
at  temperatures  between  1000°  and  1100°. 
The  reaction  NHg-kC  ^ HCN+Hg  is  reversible, 
and  should  lead  to  an  equilibrium  between 
ammonia,  hydrocyanic  acid,  and  hydrogen ; 
the  equilibrium,  however,  cannot  be  realised, 
because  both  ammonia  and  hydrocyanic  acid 
are  unstable  at  the  temperatures  required. 
The  final  result  depends,  therefore,  on  the  rates 
of  decomposition  of  ammonia  and  hydrocyanic 
acid  and  on  the  rate  of  reaction  between 
ammonia  and  charcoal.  Even  at  1000°,  the 
rate  of  decomposition  of  hydrocyanic  acid  in 
presence  of  charcoal  is  small,  but  in  presence 
of  other  substances  it  may  be  large.  Voerkelius, 
for  example,  passed  a mixture  of  hydrocyanic 
acid  and  hydrogen  through  an  unglazed  porcelain 
tube  at  1000°,  and  found  that  over  70  p.c.  of 
it  was  decomposed,  but  after  a layer  of  carbon 
had  been  deposited  on  the  tube  the  decomposi- 
tion fell  to  19  p.c.  The  rate  of  decomposition 
of  the  ammonia  is  even  more  variable ; for 
example,  at  720°,  28  p.c.  of  the  ammonia 
survived  6 minutes’  contact  with  fresh  finely 
ground  wood  charcoal,  whilst  82  p.c.  were 
unchanged  when  the  charcoal  was  in  the  form 
of  lumps  which  had  been  already  used.  The 
rate  of  decomposition  of  the  ammonia  is  dimi- 
nished by  diluting  it  with  an  indifferent  gas. 

In  the  66  experiments  recorded  by  Voerke- 
lius, the  ammonia  (diluted  with  hydrogen)  was 
in  contact  with  the  charcoal  for  from  16  to  360 
seconds  ; within  these  limits,  the  ratio  between 
the  numbers  of  molecules  of  ammonia  and  of 
hydrocyanic  acid  in  the  product  is  roughly 
independent  of  tj;ie  time  of  reaction,  but  the 
quantity  of  ammonia  decomposed  into  its 
elements  increases  with  the  time  of  contact. 
The  following  table  is  calculated  from  the  figures 
given  by  Voerkelius.  The  figures  show  the 
infiuence  of  the  quality  of  the  charcoal  on  the 
result  : — 

Mols.  KHo 


Tempera-  P.c.  NHg  Mols.  HCJsT 

tore  in  gas  used  in  product 

720°  charcoal  A 50  6 ‘7-13 ‘4  mean  9 '80 

„ B 50  29-45  „ 37-7 

sugar  charcoal  50  71  >,71 

1020°  charcoal  0 13-15  0-64-0-92  „ 0-76 

„ D 13-15  0*90-1 -80  „ 1*40 

„ C 43-47  0*50-0*90  „ 0*61 

1120°  „ D 13*4  0*44-0*48  „ 0*46 

Nernst’s  thermodynamic  theorem  (Applica- 
tions of  Thermodynamics  to  Chemistry,  London) 
1907,  and  Theoretische  Chemie,  5th  and  6th  ed.- 
has  been  applied  to  this  reaction  by  v.  Warten- 
berg  (Zeitsch.  anorg.  Chem.  1907,  52,  299). 
(Since  the  reaction  NH3-t-C=HCN+H2  absorbs 
39,500  cals,  per  molecule,  the  equilibrium  must 


lead  to  the  formation  of  more  hydrocyanic  acid 
at  higher  temperatures,  the  calculation  indicates 
that  the  ratio  of  the  partial  pressures  (in  atmo- 
spheres) of  the  gases  in  equilibrium  should  have 


the  following  values 


Temperature 

500° 

800° 

1100° 

1400° 


632 

0*27 

0*003 

0*0002 


In  the  experiments  tabulated  above,  the  final 
mixture  of  gases  usually  contained  nearly  95  p.c. 
of  hydrogen,  the  partial  pressure  of  which  was 
therefore  almost  1 atmosphere.  The  molecular 
ratio  of  ammonia  to  hydrocyanic  acid  is,  there- 
fore, almost  the  same  as  the  ratio  of  the  partial 
pressures.  A comparison  of  the  experimental 
values  with  those  calculated  shows  that  equili- 
brium is  never  even  approximately  attained. 
They  agree  in  indicating  700°  as  the  lowest 
temperature  at  which  appreciable  quantities  of 
hydrocyanic  acid  can  be  formed. 

Carpenter  and  Linder’s  independent  investi- 
gation yielded  results  in  close  agreement  with 
those  obtained  by  Voerkelius.  It  seems  fairly 
certain  that  the  greater  part  of  the  hydrocyanic 
acid  found  in  the  products  of  destructive  dis- 
tillation of  coal  is  formed  by  the  reaction  which 
has  just  been  discussed.  The  presence  of  small 
quantities  of  HCN  in  the  products  formed  at 
temperatures  below  600°  indicates,  however, 
that  it  may  be,  in  part,  a primary  product  of 
the  decomposition. 

Spent  oxide.  The  hydrated  oxide  of  iron 
first  used  in  gas  purification  was  made  by  mixing 
ferrous  sulphate  and  slaked  lime,  sawdust  being 
added  to  increase  the  porosity  (Laming,  Eng. 
Pat.  11944,  of  1847);  natural  iron  ores  were  intro- 
duced by  Howitz  in  1870.  Sulphuretted  hydro- 
gen is  absorbed,  yielding  a mixture  of  ferrous 
and  ferric  sulphides  which  is  regenerated  by 
exposure  to  air  and  moisture,  free  sulphur  and 
ferrous  and  ferric  hydroxide  being  produced. 
Ferrocyanide  is  formed  from  the  ferrous 
hydroxide  and  ammonium  cyanide,  and  then 
converted  into  Prussian  blue  by  interaction  with 
the  ferric  iron.  Sulphocyanides  are  also  formed 
in  very  variable  amount,  doubtless  by  the  inter- 
action of  hydrocyanic  acid  and  ammonium 
polysulphide.  Since  ammonia,  sulphuretted 
hydrogen,  and  free  sulphur  are  always  present 
in  the  purifiers,  it  is  obvious  that  polysulphides 
of  ammonium  can  always  be  formed  ; it  appears 
to  be  generally  allowed,  however,  that  sulpho- 
cyanide  is  only  produced  in  large  amount  when 
the  mixture  becomes  warm,  as,  for  example, 
when  the  regeneration  proceeds  rapidly  in  a 
large  mass  of  material.  The  spent  oxide  finally 
contains  30  to  40  p.c.  of  sulphur  (or  more), 
soluble  ammonium  salts  and  Prussian  blue,  in 
addition  to  tar  and  iron  oxides.  Good  material 
contains  11  to  12  p.c.  of  Prussian  blue,  calculated 
on  the  air-dried  substance,  whilst  ammonium 
sulphocyanide  varies  from  traces  to  10  p.c. 

As  already  mentioned,  prussiates  were  first 
produced  from  spent  oxide  by  Gautier-Bouchard 
about  1860.  Ammonium  salts  were  first  re- 
moved by  washmg  with  water  ; the  residue  was 
then  mixed  intimately  with  sufficient  lime  to 
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convert  the  Prussian  blue  into  calcium  ferro- 
cyanide  and  the  mixture  submitted  to  systematic 
lixiviation  with  cold  water.  This  operation 
must  be  done  in  the  cold,  because  otherwise 
calcium  polysulphide  is  produced  from  the  lime 
and  free  sulphur,  and  this  converts  the  ferro- 
cyanide  into  sulphocyanide.  The  calcium  ferro- 
cyanide  was  converted  into  the  potassium 
salt  by  means  of  potassium  carbonate,  and 
the  sulphur  in  the  extracted  residue  burned 
to  sulphur  dioxide  and  converted  into  sulphuric 
acid  (A.  W.  Hofmann,  Reports  by  the  Juries, 
Inter.  Exhib.  of  1862,  59-63).  This  process 
contains  the  essential  features  of  all  those  which 
have  since  been  worked  successfully. 

T.  L.  G.  Bell  (Eng,  Pat.  257,  of  1868)  pro- 
posed to  extract  the  sulphur  with  carbon 
disulphide,  and,  after  removing  soluble  am- 
monium salts  with  water,  to  boil  the  residue 
with  lime.  In  order  to  obtain  a pure  product, 
the  solution  was  then  acidified  and  precipitated 
by  the  addition  of  ferric  chloride,  the  Prussian 
blue  being  then  converted  into  potassium  ferro- 
cyanide.  The  preliminary  extraction  of  the 
sulphur  has  occasionally  been  carried  out,  but 
it  is  difficult  to  separate  the  sulphur  from  the 
tar  which  is  extracted  along  with  it.  In  spite  of 
the  great  difficulty  of  filtering  and  washing 
Prussian  blue,  this  method  of  purification 
appears  to  have  been  fairly  generally  used  up 
to  the  year  1883,  when  Kunheim  and  Zimmer- 
mann  (Eng.  Pat.  3342,  of  1883)  described  two 
new  methods. 

In  the  first,  the  ammonia  is  only  partially 
removed  from  the  spent  oxide  by  the  pre- 
liminary washing,  enough  being  left  behind  to 
produce  the  double  salt  Ca(NH4)2Ee(CN)6. 
The  extraction  with  lime  then  yields  an  am- 
moniacal  solution  of  calcium  ferrocyanide, 
which,  when  neutralised  with  .hydrochlorie  acid 
and  heated  to  80'^,  deposits  the  very  sparingly 
soluble  calcium  ammonium  ferrocyanide,  which 
is  comparatively  easily  filtered  and  washed. 

By  the  second  method,  the  solution  of 
calcium  ferrocyanide,  obtained  by  following 
Gautier-Bouchard’s  original  procedure,  is  treated 
with  a solution  of  potassium  chloride  which 
precipitates  the  double  salt  CaKoFe(CN)fi  in 
minute  crystals,  which  are  very  readily  washed 
and  are  then  converted  into  potassium  ferro- 
cyanide by  boiling  with  potassium  carbonate. 
By  this  means  one-half  of  the  potassium  car- 
bonate is  replaced  by  the  cheaper  chloride,  and 
a very  pure  product  is  obtained  (Franz  Bossner, 
Die  Verwerthung  der  Ausgebrauchten  Gasreini- 
gungsmassen,  1902),  From  the  calcium  am- 
monium salt,  sodium  ferrocyanide  is  readily 
obtained. 

During  the  decade  1885  to  1895,  the  spent 
oxide  of  the  gas  works  was  the  principal  source 
of  prussiates ; its  importance,  however,  has 
been  diminished  by  the  introduction  of  the  more 
efficient  wet  methods  of  recovering  the  hydro- 
cyanic acid, 

Ci/anide  Washers. — The  first  practicable  pro- 
posal of  this  kind  was  made  by  0.  Knublauch 
(Eng.  Pat.  15164,  of  1887).  Coal  gas  was  to  be 
scrubbed  with  a solution  of  the  oxide,  hydroxide, 
carbonate,  or  sulphide  of  ammonium,  or  of  an 
alkali  or  alkaline-earth  metal  containing  the 
hydroxide  or  carbonate  of  iron,  zinc,  or  manga- 
nese in  suspension.  The  process  did  not  succeed 


at  the  time,  probably  for  commercial  reasons. 
The  very  similar  process  of  Foulis  (Eng.  Pat. 
9474,  of  1892  ; Foulis  and  Holmes,  Eng.  Pat. 
15168,  of  1895)  has  since  been  introduced  at 
several  gas  works  with  satisfactory  results. 
In  this  process,  the  reagent  required  is  prepared 
by  precipitating  a ferrous  salt  with  sodium 
carbonate.  The  washed  precipitate  (a  partially 
oxidised  mixture  of  ferrous  carbonate  and 
hydroxide)  is  suspended  in  a solution  of  sodium 
carbonate  and  the  gas  passed  through  it  in  a 
rotary  scrubber.  Foulis  wished  to  obtain  the 
whole  of  the  ferrocyanide  in  the  form  of  a 
solution  of  the  sodium  salt,  and  therefore  placed 
the  cyanogen  washer  after  the  ammonia  scrub- 
bers because,  in  presence  of  ammonia,  an  insol- 
uble ammonium  ferrous  ferrocyanide  is  formed 
which  is  only  decomposed  by  sodium  hydroxide, 
but  not  by  the  carbonate.  At  the  Hague  gas 
works,  however,  this  order  was  reversed  in 
order  to  catch  the  hydrocyanic  acid  which  is 
otherwise  condensed  along  with  the  ammonia 
(Rutten,  Journ.  of  Gas  Lighting,  1902,  80, 
879  ; Jorrisen  and  Rutten,  Journ.  fiir  Gasbe- 
leuchtung,  1903,  716).  The  saturated  liquor  from 
the  cyanide  washer  contains  Prussian  blue  and 
potassium  and  ammonium  ferrous  ferrocyanides 
in  suspension  and  potassium  ferrocyanide  and 
ammonia  in  solution  (potassium  carbonate  is 
used  instead  of  the  sodium  salt).  This  mixture 
is  filter-pressed  and  the  solution  distilled  to 
separate  the  ammonia  and  then  evaporated 
in  vacuS  and  crystallised.  The  press  cake  is 
boiled  with  caustic  potash  and  the  ammonia 
collected,  the  residual  iron  oxide  returning  to 
the  cyanide  washer,  and  the  solution  of  ferro- 
cyanide going  to  the  evaporating  plant. 

In  another  set  of  proposals,  the  use  of  an 
alkali  other  than* the  ammonia  of  the  gas  is 
dispensed  with,  the  crude  coal  gas  being  simply 
washed  with  a solution  of  ferrous  sulphate. 
Since  ammonia  and  sulphuretted  hydrogen  are 
present  in  much  larger  quantities  than  hydro- 
cyanic acid,  the  ferrous  sulphate  is  soon  con- 
verted into  a suspension  of  ferrous  sulphide  in  a 
solution  of  ammonium  sulphate,  and  the  subse- 
quent changes  may  be  regarded  as  due  to  the 
action  of  a solution  of  ammonium  cyanide  on 
ferrous  sulphide.  If  a large  excess  of  the  latter 
is  present,  the  main  product  is  ferrous  ferro- 
cyanide Fe2[Fe(CN)6] ; as  the  ferrous  sulphide 
is  used  up,  ammonium  ferrous  ferrocyanide 
(NH4)2Fe[Fe(CN)6]  is  formed  in  increasing 
quantities,  and  finally,  when  but  little  FeS 
remains,  ammonium  ferrocyanide  is  found  in 
solution  (Feld,  Journ.  fiir  Gasbeleuchtung,  1904, 
132). 

The  earlier  patentees  of  processes  based  on 
these  reactions  attempted  to  obtain  the  ferro- 
cyanide in  a soluble  form  by  using  a dilute 
solution  of  a ferrous  salt,  and  so  having  a large 
excess  of  ammonia  present  (Rowland,  Eng.  Pat. 
22347,  of  1891  ; Lewis  and  Cripps,  Eng.  Pat. 
20883,  of  1896  ; Schroder,  Eng.  Pat.  19849,  of 
1898  ; Teichmann,  Eng.  Pat.  12485,  of  1899), 
but  since  insoluble  compounds  are  always  formed 
to  some  extent,  it  appears  to  be  easier  to  obtain 
all  the  ferrocyanide  (or  the  greater  part  of  it) 
in  the  insoluble  form  by  using  a saturated 
solution  of  ferrous  sulphate,  and  so  having  a 
large  excess  of  iron  present  as  first  proposed  by 
Bueb  (Eng.  Pat.  9075,  of  1898).  Bueb’s  process 
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has  been  adopted  by  a considerable  number  of 
gas  works.  It  is  said  to  absorb  98  p.c.  of  the 
hydrocyanic  acid  in  the  gas,  yielding  a mud 
containing  6-7  p.c.  of  ammonia  and  cyanogen 
compounds,  equivalent  to  18-20  p.c.  of  yellow 
prussiate  of  potash.  A small  part  of  the 
ferrocyanide  is  in  solution.  This  is  precipitated 
by  boiling  the  mixture  with  ferrous  sulphate  ; 
the  precipitate  is  then  filtered  off  and  treated 
with  lime,  the  calcium  ferrocyanide  solution 
obtained  being  worked  up  in  the  way  already 
described  when  dealing  with  spent  oxide. 

As  already  mentioned,  part  of  the  hydro- 
cyanic acid  in  coal  gas  is  always  converted  into 
sulphocyanide  owing  to  liberation  of  free  sulphur 
by  the  action  of  atmospheric  oxygen  on  sul- 
phuretted hydrogen.  By  suitable  means  the 
whole  of  the  hydrocyanic  acid  may  be  fixed  in 
the  form  of  sulphocyanide,  which  is  then  con- 
verted into  ferrocyanide  by  one  of  the  processes 
described  in  the  next  section. 

In  1877  W.  Marriott  (Eng.  Pat.  3311,  of 
1877)  proposed  to  scrub  gas  with  a solution  of 
sodium  polysulphides,  and  in  1888  Campbell 
and  Boyd  (Eng.  Pat.  10186,  of  1888)  proposed  the 
use  of  manganese  dioxide  suspended  in  water. 
This  liberates  sulphur  from  a part  of  the  sul- 
phuretted hydrogen  in  the  gas,  and  this  free 
sulphur  combines  with  ammonium  sulphide  to 
form  polysulphide,  which  converts  the  cyanide 
into  sulphocyanide.  The  final  step,  which 
led  to  a successful  and  economical  process, 
was  made  by  H.  Wood  Smith  (H.  Wood  Smith, 
Gidden,  Salamon,  and  Albright,  Eng.  Pat. 
13658,  of  1901)  by  simply  scrubbing  the  gas 
through  a suspension  of  sulphur,  whereby  the 
hydrocyanic  acid  is  removed  quantitatively, 
and  a solution  containing  as  much  as  200  grams 
of  ammonium  sulphocyanidd  per  litre  may  be 
obtained.  This  process  is  in  use  at  several  gas 
works,  and  yields  practically  the  whole  of  the 
sulpho cyanides  made  at  present. 

Manufacture  of  Sodium  and  Potassium 
Ferrocyanides. — (3)  From  Stdphocyanides.  A. 
Gelis  (Eng.  Pat.  1816,  of  1860)  was  the  first 
to  manufacture  potassium  ferrocyanide  by 
heating  dry  potassium  sulphocyanide  with 
iron,  made  by  reducing  the  oxide,  at  a dull-red 
heat,  in  a closed  vessel.  He  states  that  too  high 
a temperature  leads  to  considerable  loss.  The 
fusion  process  yields  a mixture  of  potassium 
cyanide  and  ferrous  sulphide  which  gives 
potassium  ferrocyanide,  when  treated  with 
water  in  the  same  way  as  the  ‘ metal  ’ of  the  old 
process  (A.  W.  Hofmann,  Reports  by  the  Juries, 
Inter.  Exhib.  of  1862,  59-63).  Sir  G.  Beilby 
has  informed  the  writer  that  he  made  consider- 
able quantities  of  potassium  ferrocyanide  by 
this  process  in  the  years  1873-1876.  Potassium 
sulphocyanide  was  heated  with  iron  turnings  in 
air-tight  iron  retoHs  and,  after  cooling  suffici- 
ently, the  product  was  extracted  with  water  in 
the  retort  itself,  without  coming  in  contact  with 
air.  In  this  way  the  only  serious  difficulty  of 
the  process,  which  is  due  to  the  extreme  prone- 
ness to  oxidation  of  the  fusion  product,  is  avoided 
and  satisfactory  yields  obtained. 

The  process  was  taken  up  again  in  1878  by 
Gunzburg  and  Tcherniac  (Eng.  Pat.  1148,  of 
1878;  1359,  of  1879;  1261,  of  1881).  They 
dried  the  sulphocyanide  by  fusing  it  at  300°, 
and  then  mixed  it  intimately  with  the  oxide-free 


iron  by  grinding  them  together.  The  mixture 
was  heated  in  iron  boxes  with  closely  fitting 
covers  at  445°,  the  vapour  of  boiling  sulphur 
being  used  to  obtain  a constant  temperature. 
After  working  for  two  or  three  years,  the  process 
was  given  up,  but  it  was  revived  for  the  third 
time  in  1894  by  the  United  Alkali  Co.,  Ltd. 
(Hetherington  and  Muspratt,  Eng.  Pat.  5830, 
of  1894),  and  by  the  British  Cyanides  Co.,  Ltd. 
(Crowther,  Rossiter,  Hood  and  Albright,  Eng. 
Pat.  8305,  of  1894).  The  patent  specifications 
of  Hetherington  and  of  Crowther  add  but  little 
to  the  information  given  above.  In  both  cases, 
some  20  to  30  p.c.  excess  of  iron  is  used,  and  the 
temperature  is  almost  the  same  as  that  recom- 
mended by  Gunzburg  and  Tcherniac.  Crowther 
says  that  mere  fusion  is  insufficient  to  dry  the 
sulphocyanide ; a current  of  an  indifferent  gas 
must  be  passed  through  it  for  some  time. 
Conroy  (J.  Soc.  Chem.  Ind.  1896,  15,  12)  was 
able,  in  a small  scale  experiment,  to  convert 
76 ‘8  p.c.  of  the  sulphocyanide  used  into  ferro- 
cyanide (leaving  18'2  p.c.  unchanged)  by  means 
of  Hetherington’s  method.  The  process  has 
been  worked  by  the  British  Cyanides  Co.  at 
Oldbury  since  1894  (Brussels  Exhib.  1910, 
Catalogue  of  British  Chem.  Section,  155). 

The  conversion  of  sulphocyanides  into  ferro- 
cyanides is  also  possible  in  aqueous  solution. 
Sternberg  (1).  R.  P,  32892,  of  1882),  found  that 
by  heating  a solution  of  potassium  sulpho- 
cyanide with  double  the  theoretical  quantities 
of  iron  filings  and  ferrous  hydroxide  under 
pressure  at  110°-120°,  about  80  p.c.  of  the 
material  could  be  converted  into  ferrocyanide 
in  accordance  with  the  equation 

6KCN  S -f  6Fe  -1-  Fe(OH)2  ■=  CFeS  K4Fe(CN)6  + 2KOH 
G.  R.  Bower  (Eng.  Pat.  361,  of  1896)  suc- 
ceeded in  removing  the  sulphur  from  ferrous 
sulphocyanide  by  means  of  copper  in  a similar 
way:  Fe(CNS)2  + 2Cu=2CuS+re(CN)2.  Conroy 
(Conroy,  Hurter,  and  Brock,  Eng.  Pat.  3867,  of 
1896  ; J.  T.  Conroy,  J.  Soc.  Chem.  Ind.  1898, 
17,  98)  then  found  that  a mixture  of  a soluble 
sulphocyanide  and  a ferric  or  ferrous  salt  would 
do  as  well  as  pure  ferrous  sulphocyanide,  and  also 
that  the  sulphur  is  more  rapidly  removed  by 
finely  divided  iron  than  it  is  by  copper.  Using 
very  finely  divided  iron,  the  reaction  takes  place 
quantitatively  in  5 to  6 hours  at  a temperature 
of  135°-140°  and  a pressure  of  50  to  60  lbs.  per 
square  inch,  in  accordance  with  the  empirical 
equation  Fe(CNS)2+2Fe=Ee(CN)2  + 2FeS.  (So- 
dium or  potassium  sulphocyanide  is  acted  on 
by  iron  under  similar  conditions  very  slowly 
and  incompletely. ) The  black  mud  produced  is 
either  boiled  with  caustic  alkali  to  decompose 
the  ferrous  ferrocyanide,  or  the  ferrous  sulphide 
is  first  dissolved  in  hydrochloric  acid.  The 
latter  course  is  to  be  preferred,  owing  to  the  fact 
that  ferrous  sulphide  combines  with  the  alkalis, 
each  3 or  4 equivalents  of  it  rendering  1 equiva- 
lent of  either  caustic  soda  or  potash  insoluble, 
a difficulty  with  which  the  manufacturers  of 
ferrocyanide  from  nitrogenous  organic  matter 
had  long  been  familiar. 

PnorERTiES  OE  THE  Ferrocyanides. 

The  principal  characteristics  of  those  salts 
which  possess  some  technical  interest  are 
described  here ; further  information  is  to  be 
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found  in  Cyanogen  Compounds,  by  H.  E. 
Williams,  1915,  or  in  the  text-books  of  inorganic 
chemistry. 

Ammonium  ferrocyanide  is  readily  prepared 
in  aqueous  solution  from  the  free  acid  and 
ammonia,  or  from  barium  ferrocyanide  and 
ammonium  sulphate.  The  solid  salt 

(NH4)4Fe(CN)6,3H20 

is  obtained  by  evaporating  the  solution  in  vacuo, 
or  by  precipitation  with  alcohol.  The  salt 
crystallises  with  difficulty  in  very  pale  yellow 
plates,  which  are  isomorphous  with  potassium 
ferrocyanide  (Bunsen,  Pogg.  Ann.  1835,  36,  404). 
The  aqueous  solution  decomposes  when  boiled, 
yielding  ammonium  cyanide  and  an  insoluble 
residue,  which  possibly  consists  of  more  or  less 
oxidised  ammonium  ferrous  ferrocyanide 

2(NH4)4Fe(CN)6-(NH4)2Fe[Fe(CN)6]-f6NH4CN 

From  solutions  containing  much  ammonium 
chloride  a double  salt  of  the  formula 

(NH4)4re(CN)6-2NH4Cl+3H20 
crystalhses  very  readily  in  well-formed  orange- 
yellow  rhombohedra,  which  were  at  one  time 
mistaken  for  the  ammonium  salt  (Bunsen,  l.c.). 

Barium  ferrocyanide  Ba2Fe(CN)6,6H20  is 
precipitated  when  strong  solutions  of  barium 
chloride  and  sodium  ferrocyanide  are  mixed ; 
it  separates  in  the  form  of  a light  yellow,  crys- 
talline powder.  Its  solubility  (grams  of  anhy- 
drous salt  per  100  grams  water)  is  0’34  at  15 ‘5°, 
and  POl  at  100°  (Williams).  The  water  of 
crystallisation  is  not  quite  completely  driven 
off  even  at  160°  (Drechsel,  J.  pr.  Chem.  1880, 
[2]  21,  77).  The  dried  salt,  when  heated  in 
vacuo,  or  in  an  atmosphere  of  nitrogen,  begins 
to  decompose  at  about  500°,  nitrogen,  carbon, 
iron,  and  barium  cyanide  and  cyanamide  being 
formed.  When  oxygen  is  completely  excluded 
the  product  contains  about  2 molecules  of 
cyanamide  to  1 of  cyanide  (Ewan  and  Napier, 
J.  Soc.  Chem.  Ind.  1913,  32,  467). 

Barium  potassium  ferrocyanide 
BaK2[re(CN)e],3H20 

is  precipitated  as  a j^ale  yellow,  crystalline 
powder  when  solutions  of  barium  chloride  and 
potassium  ferrocyanide  are  mixed  in  equivalent 
quantities.  Its  solubility  in  water  (grams 
anhydrous  salt  per  100  grams  water)  is  2T  at 
15-5°  ; 6-08  at  100°. 

Calcium  ferrocyanide  Ca2Fe(CN)  6,121120  is 
extremely  soluble  in  water  ; highly  concentrated 
solutions  are  very  viscous  and  crystallise  with 
difficulty,  yielding  small  yellow  triclinic  crystals 
of  sp.gr.  P68,  which  effloresce  when  exposed  to 
the  air  and  lose  11|^  molecules  of  water  at  40°. 
H.  G.  Colman  (Journ.  of  Gas  Lighting,  1910, 
583)  finds  that  the  whole  of  the  water  is  removed 
by  heating  the  salt  in  a current  of  air.  The  dry 
salt  begins  to  decompose  (in  absence  of  oxygen) 
at  500°  yielding  calcium  cyanamide  thus 

Ca2Fe(CN)6=2CaCN2+Fe-fN2+4C 
(unpublished  experiments  made  by  the  writer). 
Calcium  ammonium  ferrocyanide 
Ca(NH4)2Fe(CN)6 

is  a white,  minutely  crystalline  powder,  which 
becomes  coloured  on  exposure  to  light ; it  is 
anhydrous  ; 100  grams  of  water,  at  15°-17°, 

dissolve  0’258  gram  of  the  salt  (J.  Campbell 
Brown,  Chem.  Soc.  Trans.  1907,  91,  1826), 


Calcium  potassium  ferrocyanide  K2CaFe(CN)6 
is  a white  powder  consisting  of  small  quadratic 
prisms  which  becomes  slightly  cream-coloured 
on  exposure  to  light.  It  contains  no  water  of 
crystalhsation  and,  at  15°-17°,  100  grams  of 
water  dissolve  0’41  gram  of  it  (J.  Campbell 
Brown,  ibid.  1907,  91,  1826). 

According  to  Williams  (l.c.),  the  solubilities 
of  these  salts  are  rather  larger,  viz.  0‘35  at 
15°,  and  0'39  at  100°  for  the  ammonium  salt ; 
and  0‘72  at  15°,  and  0'80  at  100°,  for  the  potas- 
sium salt. 

Cupric  ferrocyanide  Cu2Fe(CN)6‘llH20  is  a 
red-brown,  amorphous  substance,  obtained  by 
adding  a solution  of  calcium  ferrocyanide  or 
hydroferrocyanic  acid  to  excess  of  cupric  chloride 
solution.  In  general,  when  solutions  of  a 
cupric  salt  and  of  a soluble  ferrocyanide  are 
mixed,  an  insoluble  substance  is  produced,  in 
which  only  a part  of  the  four  valencies  of  the 
ferrocyanogen  ion  is  saturated  by  copper,  the 
remainder  being  occupied  by  the  metal  of  the 
ferrocyanide  employed.  A very  large  number 
of  these  substances  have  been  described. 
Colloidal  membranes  formed  of  one  or  other  of 
these  copper  ferrocyanides  have  been  much 
used  in  the  study  of  osmosis.  The  precipitate 
formed  from  potassium  ferrocyanide  and  a 
cupric  salt  K4Cu4[Fe(CN)6]3  was  used  as  a pig- 
ment under  the  name  Hatchett’s  brown. 
The  black,  silver  deposit  in  an  orchnary  photo- 
graphic ‘ bromide  ’ print  may  be  converted  into 
a red  one,  consisting  of  a copper  ferrocyanide, 
by  immersing  the  print  in  a solution  containing 
6 '6  grams  of  copper  sulphate  crystals,  88  grams 
of  potassium  citrate,  and  5 ‘8  grams  of  potassium 
ferricyanide  per  litre  (Ferguson,  Photographic 
Journ.  1900,  133). 

Cuprous  ferrocyanide  Cu4Fe(CN)6’irH20  is  a 
white  precipitate,  which  differs  from  most  of 
the  ferrocyanides  in  evolving  the  whole  of  its 
cyanogen  as  hydrocyanic  acid  when  boiled  with 
dilute  sulphuric  acid.  J.  Dewrance  and  H.  E. 
Williams  (Eng.  Pat.  28074,  1908)  utilise  this 
property  in  order  to  obtain  complete  decomposi- 
tion of  alkali  ferrocyanides  by  distilling  them 
with  acid  in  presence  of  a small  amount  of 
cuprous  chloride. 

Hydroferrocyanic  acid  H4Fe(CN)6  is  prepared 
by  adding  concentrated  hydrochloric  acid  to  a 
saturated  solution  of  potassium  ferrocyanide 
(both  should  be  free  from  dissolved  oxygen)  and 
then  enough  ether  to  saturate  the  solution.  The 
acid  crystallises  out  in  colourless  scales  which 
are  washed  with  water  saturated  with  ether 
(A.  W.  Williamson,  Annalen,  1846,  57,  225 ; 
A.  Joannis,  Ann.  Chim.  Phys.  1882,  [5]  26,  484), 
and  dried  over  sulphuric  acid.  It  may  be  puri- 
fied by  dissolving  in  alcohol  and  precipitating 
with  ether ; it  obstinately  retains  ether,  which 
is  removed  by  heating  at  100°  in  a current  of 
dry  hydrogen  (Browning,  Chem.  Soc.  Trans. 
1900,  1234).  A solution  of  the  acid,  saturated 
at  14°,  contains  150  grams  per  litre.  The 
solution  is  readily  oxidised  by  atmospheric 
oxygen,  especially  at  higher  temperatures, 
forming  a blue  substance  which  is  usually 
assumed  to  be  Prussian  blue.  This  reaction  is 
utilised  in  calico  printing  for  the  production  of 
blue  patterns. 

Ferrous  ammonium  ferrocyanide 

Fe(NH4)2[Fe(CN)6] 
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is  formed  when  a solution  containing  ammonium 
ferrocyanide  and  excess  of  an  ammonium  salt 
is  exactly  precipitated  by  a ferrous  salt,  oxygen 
being  excluded.  It  is  also  formed  when  ammo- 
nium ferrocyanide  is  distilled  with  an  acid  in 
absence  of  air. 

Ferrous  cyanide  Ee(CN)2  is  formed  when  a 
solution  of  hydroferrocyanic  acid  is  boiled, 
H4re(CN)6=4HCN+Fe(CN)2,  or  when  the  dry 
acid  is  heated  at  300°  in  an  atmosphere  of 
hydrogen  (Addie  and  Browning,  Chem.  Soc. 
Trans.  1900,  158  ; Browning,  ibid.  1900,  1234). 

Ferrous  potassium  ferrocyanide  (Everitt’s 
salt)  K2Fe[re(CN)6]  is  formed  in  a similar  way 
if  potassium  salts  are  present,  as,  for  example, 
in  the  preparation  of  hydrocyanic  acid  by  dis- 
tilling a mixture  of  potassium  ferrocyanide  and 
dilute  sulphuric  acid.  Everitt’s  salt  is  a pale- 
yellow  crystalline  powder  which  is  not  identical 
with  the  white  precipitate  obtained  by  mixing- 
solutions  of  potassium  ferrocyanide  and  ferrous 
chloride,  although  this  precipitate  has  the  same 
composition. 

The  iron  in  these  ferrous  salts  is  displaced 
by  treatment  with  caustic  alkalis,  but  not  by 
alkali  carbonates. 

Ferric  ferrocyanide^.  The  blue  compounds 
of  iron  and  cyanogen  are  all  amorphous  sub- 
stances, which  yield  colloidal  solutions  in  pure 
water.  It  is  therefore  extremely  difficult  to 
prepare  them  in  a pure  condition.  Owing  to 
the  well-known  tendency  of  colloids  to  adsorb 
other  substances  from  solutions,  the  precipitates 
require  very  prolonged  washing  to  free  them  from 
adhering  salts,  and  during  this  process  their 
composition  may,  and  very  often  does,  change, 
owing  to  atmospheric  oxidation  or  to  hydrolysis. 
On  the  other  hand,  the  method  of  determining 
the  composition  of  a precipitate  by  mixing 
known  quantities  of  the  reagents  and  estimating 
the  excess  left  in  the  supernatant  liquid,  is  open, 
in  this  case,  to  the  objection  that  the  precipitate 
is  not  a pure  substance  because  it  has  adsorbed 
some  of  the  salts  in  the  solution  in  contact  with 
it.  This  method  has  been  used  by  E.  Muller 
and  by  P.  Woringer.  (E.  Muller  and  T.  8tanisch, 

J.  pr.  Chem.  1909,  [ii]  79,  81  ; ibid.  1909,  [ii  | 
80,  153  ; E.  Muller,  G.  Wegelin,  F.  B.  Treadwell, 
and  0.  Diefenthaler,  ibid.  1911,  [ii]  84,  353; 

E.  Muller,  ibid.  1914,  [ii]  90;  119;  P.  Woringer, 
ibid.  1914,  [ii]  87,  51.)  K.  A.  Hofmann  and  his 
collaborators  (K.  A.  Hofmann,  0.  Heine,  and  F. 
Hochtlen,  Annalen,  1904,  337,  1 ; K.  A.  Hof- 
mann and  F.  Besensheck,  ibid.  1905,  340,  267  ; 
1905,  342,  364 ; Hofmann,  Arnold!,  and  Hiendl- 
maier,  ibid.  1907,  352,  54),  have  investigated 
more  especially  the  composition  and  properties 
of  the  substances  which  remain  after  exhaustive 
purification. 

The  freshly  prepared  blue  precipitates  con- 
tain indefinite  quantities  of  water,  but  the  whole 
of  it  cannot  be  removed  by  drying  in  vacuo  over 
phosphorus  pentoxide  until  a constant  weight  is 
attained  (which  usually  requires  from  2 to  5 
months).  This  residual  water  must  be  regarded 
as  constitutional,  because  when  the  substances 
are  heated  to  temperatures  a little  above  100°, 
they  lose  hydrocyanic  acid,  but  not  water.  The 
formulae  of  the  dry  substanecs  given  in  what  i 
follows  refer  to  the  very  thoroughly  washed  ^ 
substances  after  eomplete  drying  over  PgOg  in  i 
the  way  mentioned  above.  < 


When  cold  neutral  solutions  of  one  molecule 
of  a ferric  salt  and  one  molecule  of  potassium 
ferrocyanide  are  mixed  together,  a precipitate  of 
ordinary  soluble  Prussian  blue  is  formed.  The 
dry  substance  has  the  composition 

2[KFe“'(Fe'‘Oy,)]+3iH,0 
The  same  compound  is  obtained  by  mixing  equal 
molecular  quantities  of  a ferrous  salt  and  potas- 
sium ferricyanide.  This  was  first  proved  by 
Skraup  (Annalen,  186,  371,  1877). 

When  a cold  solution  of  potassium  ferro- 
cyanide is  added  gradually  to  a cold  neutral  (or 
^ p.c.  hydrochloric  acid)  solution  containing  an 
excess  of  a ferric  or  of  a ferrous  salt,  or  when 
soluble  Prussian  blue  is  digested  with  a solution 
of  ferric  chloride,  precipitates  are  formed  which, 
after  the  prolonged  exposure  to  air  involved  in 
washing  them  completely,  are  identical  in  com- 
position and  properties.  The  dry  substance  is 
normal  ferric  ferrocyanide 

Fe4^ii(FeiiCy6)3+10H2O 
usually  referred  to  as  Prussian  blue.  Turnbull’s 
blue,  obtained  by  precipitating  a solution  of 
potassium  ferricyanide  with  an  excess  of  a 
ferrous  salt,  is,  after  exhaustive  washing  with 
exposure  to  air,  identical  with  ordinary  Prussian 
blue. 

The  composition  of  the  unwashed  precipi- 
tates initially  formed  depends,  as  Muller  has 
shown,  on  the  relative  quantities  of  reagents 
employed.  Setting  out  from  potassium  ferro- 
cyanide and  ferric  chloride,  Prussian  blue  is 
precipitated  when  the  ratio  mols.  K4Fe(Cy6)/niols. 
FeClg  is  less  than  0’75 ; for  values  between 
0-75  and  0-92  the  precipitate  contains  increasing 
quantities  of  KFeiii[FenCyg],  and  when  the 
ratio  exceeds  0‘92  the  substance 
K2Fen[FenCyg] 

is  also  present.  Setting  out  from  potassium 
ferricyanide  and  ferrous  chloride  a precipitate 
of  the  composition  KFeiiFe5m[FeiiCyg]5  is 
obtained  when  the  ratio,  mols.  KaFeCyg/mols. 
FeClg  is  less  than  0'714.  Between  0*714  and 
0*75  a substance  KFe^iFe3iii[Fei^Cyg]3  is  formed, 
which  Muller  regards  as  ordinary  Turnbull’s 
blue  ; from  0*75  to  0*9  increasing  quantities  of 
KFeii^[FeiiCyg]  are  present,  and  finally,  when 
the  ratio  exceeds  0*9  ordinary  Prussian  blue 
appears.  According  to  Muller,  Turnbull’s  blue 
and  Prussian  blue  are  interconvertible 
Fe4ni[FenCyg]3+K’+Fe'* 

^ KFenFe3m[FenCye]3+Fe-j 

although  a very  large  excess  of  ferrous  salt  is 
required  to  convert  an  appreciable  amount  of 
Prussian  blue. 

It  is  obvious  that  the  reactions  involved  in 
the  formation  of  the  blues  are  not  simple  double 
decompositions  ; mutual  oxidations  and  reduc- 
tions take  place,  and  adsorption  phenomena 
are  superadded,  so  that,  in  general,  the  precipi- 
tates first  produced  are  mixtures  either  of 
definite  insoluble  compounds,  as  Muller  supposes, 
or  if  insoluble  substances  with  soluble  consti- 
tuents adsorbed  from  the  solutions. 

The  precipitates  obtained  from  hot  acid 
solutions  differ  more  or  less  from  those  formed 
at  ordinary  temperatures  in  their  properties, 
and  appear  even  when  washed  to  be  mixtures  of 
different  substances. 
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Both  the  soluble  and  insoluble  Prussian  blue, 
above  described,  are  ferric  ferrocyanides,  and 
not  ferrous  ferricyanides.  This  is  proved  by  the 
fact  that  they  can  be  made  by  the  action  of 
hydrogen  peroxide  on  a solution  containing  a 
ferric  salt  and  potassium  ferricyanide  in  suitable 
quantities.  As  Schonbein  (J.  pr.  Chem.  1866, 
98,  65)  showed,  hydrogen  peroxide  reduces  ferri- 
cyanide to  ferrocyanide,  but  has  no  action  on  a 
ferric  salt,  so  that  ferrous  ferricyanide  could  not 
be  produced  by  this  reaction. 

Blue  compounds,  which  are  not  identical 
with  those  described  above,  are  also  obtained 
by  the  oxidation  of  ferrous  ferrocyanides. 

(a)  By  adding  a cold  neutral  solution  of  1 
molecule  of  a ferrous  salt  to  a solution  of  1 mole- 
cule of  potassium  ferrocyanide,  and  then  oxi- 
dising the  white  precipitate  by  means  of  atmo- 
spheric oxygen,  which  is  greedily  absorbed  (or 
better  by  hydrogen  peroxide),  a blue  compound 
of  the  composition  KFe^^^(Fe^^Cy6)  + H20  is  ob- 
tained. This  differs  from  ordinary  soluble  blue 
in  being  insoluble  in  oxalic  acid  solution.  It  is 
referred  to  in  the  table  of  properties  of  the 
blues  as  K.  A.  Hofmann’s  blue. 

(b)  By  proceeding  exactly  as  in  (a),  except 
that  the  solutions  contain  1 p.c.  of  sulphuric  acid, 
a white  precipitate  is  obtained,  Fe^^K2(Fe^^Cy6), 
which  is  rather  less  readily  oxidised  to  a blue  of 
the  same  composition  as  before  : 


For  comparison,  the  distinguishing  properties 
of  the  different  blues  are  tabulated  above.  The 
isomerism  of  these  substances  may  be  due  to 
differences  in  the  linking  of  the  atoms- — of  the 
kind  familiar  in  organic  chemistry — or  it  may 
be  due  to  differences  in  the  size  of  the  molecules  ; 
the  data  available  do  not  appear  to  be  sufficient 
to  decide  these  questions  with  any  degree  of 
certainty. 

In  accordance  with  the  commonly  accepted 
view,  the  blues  have  been  formulated  as  ferro- 


Fei“K(FenCye)  + H20 

but  possessing  rather  different  properties.  Like 
ordinary  soluble  Prussian  blue,  it  is  soluble  in 
water  and  oxalic  acid,  but  differs  from  it  in  being 
much  more  stable  to  ammonia  solution.  This 
compound  is  referred  to  as  ‘ stable  soluble  blue.’ 

(c)  When  a solution  of  potassium  ferro- 
cyanide, containing  about  10  p.c.  of  sulphuric 
acid,  is  heated  in  an  atmosphere  devoid  of 
oxygen,  one  half  of  the  hydrocyanic  acid  is 
evolved  and  a pale-yellow  crystalline  powder  of 
Everitt’s  salt  KoFe^^(Fe^^Cy6)  remains  behind. 
This  salt  is  very  much  less  readily  oxidised  than 
the  precipitate  obtained  by  mixing  solutions  of 
potassium  ferrocyanide  and  a ferrous  salt ; it  is 
not  completely  oxidised  by  several  weeks’ 
exposure  to  the  air.  It  is  readily  oxidised  by 
warm  dilute  nitric  acid  (A.  W.  Williamson, 
Ann.  Chem.  Pharm.  1846,  57,  225),  but  a homo- 
geneous product  is  prepared  most  certainly  by 
suspending  it  in  1 p.c.  sulphuric  acid  and  adding 
about  10  times  the  theoretical  quantity  of 
hydrogen  peroxide.  The  substance  thus  ob- 
tained is  Williamson’s  blue  (sometimes  called 
violet),  and  it  also  has  the  composition 
KFeiii(Fe  Cy6)+H20 

Its  properties  are,  however,  totally  different 
from  those  of  the  isomeric  substances  already 
described. 


cyanides.  P.  Woringer,  in  1914  (bo.),  however, 
advanced  certain  arguments  in  favour  of  the 
ferricyanide  structure.  He  confirmed  an  ob- 
servation, made  by  A.  W.  Williamson  in  1846, 
that  when  ferric  chloride  acts  on  an  excess  of 
ferrocyanide  the  solution  contains  ferricyanide ; 
he  also  states  that  Prussian  blue,  when  decom- 
posed by  ammonium  carbonate,  yields  90  p.c. 
of  ferricyanide.  As  E.  Muller  pointed  out  in 
1909,  it  is  easy  to  show,  from  the  well-known 
oxidation  potentials  of  solutions  of  ferrous 


Properties  of  the  Blue  Iron-Cyanogen  Compounds. 


Reagent 

Ordinary  soluble 
Prussian  blue 
(TurnbuU’ssoluble 
blue) 

Insoluble  Prus- 
sian blue 

K.  A.  Hof- 
mann’s blue 

Stable  soluble 
blue 

Williamson’s 
blue  or  violet 

Pure  water  . 

Soluble, 
reddish -blue 
solution 

Insoluble 

Soluble, 
greenish -blue 
solution 

Soluble 

Insoluble, 
turbid  green- 
ish-blue sus- 
pension 

10  p.c.  oxalic 
acid 

Soluble, 
blue  solution 

Soluble, 
blue  solution 

Insoluble 

Soluble 

Insoluble 

4 p.c.  ammonia 
yields  red- 
brown  ferric 
hydroxide 

In  a few  se- 
conds 

In  10  seconds 

In  a few  se- 
conds 

In  6 to  7 min- 
utes 

After  some 
hours 

Ferric  chloride 

Precipitates 
insoluble 
Prussian  blue 

No  change 

(?) 

Gradually  co- 
agulated in 
unchanged 
condition 

No  change 

1 to  IJ  p.c. 
H2SO4 

Slowly  precipi- 
tated, moist 
precipitate 
soluble  in 
water 

No  action 

Quickly  pre- 
cipitated ; 
insoluble  in 
water 

Precipitated, 
insoluble  in 
water 

No  action 

Appearance  of 
dry  solids 

Deep -blue  with 
coppery  lustre 

Deep-blue  pur- 
ple lustre 

Purple-red 
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and  ferric  ions  and  of  ferro-  and  ferri-cyanogen 
ions  that,  if  these  four  ions  could  coexist  in 
solution  the  ratio  of  their  concentrations 
[Fe]”[reCy8'"]/[re][Fe-Cy6""]  would  be  about 
10®,  that  is,  ferrocyanide  would  be  oxidised 
practically  completely  by  ferric  salts. 

Williamson,  however,  showed  that  the  reverse 
reaction  also  takes  place,  ferricyanide  being 
partly  reduced  by  ferrous  salts.  It  appears 
thus  that  ferri-  and  ferro-cyanogen  ions  can 
coexist  in  approximately  equal  concentration, 
so  that,  in  equilibrium,  the  concentration  of 
ferric  ion  must  be  very  small  compared  with 
that  of  ferrous  ion.  These  concentrations  are 
determined  by  the  solubilities  of  the  precipi- 
tates formed;  about  which  very  little  appears 
to  be  known ; the  mode  of  formation  of  a blue 
affords,  therefore,  no  certain  clue  to  its  structure. 
The  same  is  true  of  its  decomposition  by  strong 
alkalis,  since  alkaline  ferricyanide  solution 
oxidises  ferrous  hydroxide  very  readily.  Hof- 
mann’s methods  of  preparation  by  means  of 
hydrogen  peroxide  appear  at  present  to  be  the 
best  evidence  available  in  favour  of  the  ferro- 
cyanide structure. 

It  is  of  interest  that  precipitation  from  hot 
acid  solutions  always  tends  to  produce  sub- 
stances (or  mixtures)  of  a more  stable  type, 
approaching  Williamson’s  blue  more  or  less 
closely  in  properties,  and  also  that  all  the  blue 
iron  cyanogen  compounds  contain  both  ferrous 
and  ferric  iron.  The  compounds  which  contain 
only  ferrous  or  only  ferric  iron  are  colourless 
or  (compared  with  the  blues)  feebly  coloured. 
Solid  pieces  of  ordinary  Prussian  blue  assume  a 
coppery  lustre  when  rubbed  on  a smooth,  hard 
surface.  The  blue  solution  in  oxalic  acid  was 
formerly  used  as  an  ink.  Prussian  blue  is  reduced 
by  hydrosulphurous  acid,  H2S2O4,  or  its  sodium 
salt  to  white  ferrous  ferrocyanide  (M.  Pohn, 
Zeit.  Anorg.  Chem.  1906,  49,  443).  Chlorine 
turns  a suspension  of  Prussian  blue'  in  water 
green  ; the  solution  contains  ferric  chloride  : the 
blue  colour  is  restored  by  washing  with  water. 
Concentrated  sulphuric  acid  unites  with  Prussian 
blue  to  a white  paste  from  which  the  original  blue 
is  obtained  by  diluting  with  water.  It  is  slowly 
decomposed  by  concentrated  aqueous  hydro- 
chloric acid,  but  dissolves  to  a colourless  solution 
in  alcohohc  hydrochloric  acid ; the  solubility 
increases  with  the  molecular  weight  of  the 
alcohol  used.  Water  precipitates  unchanged 
Prussian  blue  from  these  solutions.  By  dis- 
solving impure  Prussian  blue  in  a solution  of 
hydrochloric  acid  in  propyl  alcohol,  filtering, 
and  reprecipitating  with  water,  it  may  be 
separated  from  all  commonly  occurring  im- 
purities, such  as  barium  sulphate,  kaolin, 
alumina,  and  starch  (C.  Coffignier,  Bull.  Soc. 
chim.  1904,  391).  Potassium,  sodium,  and 
calcium  hydroxides  decompose  Prussian  blue 
into  ferric  hydroxide  and  a ferroeyanide ; 
alkali  carbonates  act  more  slowly.  Tissues 
dyed  with  Prussian  blue  gradually  lose  their 
colour  in  sunlight,  but  regain  it  in  the  dark. 
When  heated  to  about  170°  in  the  air,  it  burns 
like  tinder  leaving  a brown  ash. 

Colloidal  solutions  of  Prussian  blue  (0‘2  to 
2 p.c.)  may  be  prepared  by  dialysis  of  the  oxalic 
acid  solution.  The  colloidal  blue  is  negative^ 
charged  and  is  coagulated  by  cathions  ; hydro- 
gen is  especially  active,  otherwise  the  usual 


increase  of  activity  with  valency  obtains  (W. 
Pappada,  Gazz.  chim.  ital.  1911,  41,  ii.  454). 
K.  A.  Hofmann  (Annalen,  1905,  340,  267)  also 
observed  that  his  soluble  blue  carried  a negative 
charge,  and  did  not  depress  the  freezing-point. 

Commercial  Hues  are  usually  mixtures  of 
the  compounds  already  described.  J.  G. 
Gentele  (Lehrbuch  der  Farbenfabrikation,  2nd 
ed.  1880)  says  that  the  best  blues  are  obtained 
by  precipitating  a ferrous  salt  with  potassium 
ferrocyanide,  and  then  oxidising  the  precipitate. 
Paris  hlue  (the  finest  quality  of  commercial 
Prussian  blue)  is  made  as  follows  : 50  kilos,  of 
potassium  ferrocyanide  are  dissolved  in  250  kilos, 
of  boihng  water  ; 42 ‘5  to  45  kilos,  of  green  vitriol 
are  dissolved  in  about  the  same  quantity  of 
water,  preferably  in  the  presence  of  scrap  iron  to 
prevent  formation  of  ferric  salt.  The  clear 
solutions  are  then  run  simultaneously  into 
250  kilos,  of  water.  The  almost  white  precipi- 
tate is  allowed  to  settle  and  then  drained  on  a 
cloth  filter.  The  oldest  method  of  ‘ blueing  ’ 
the  paste  was  to  heat  it  to  boihng  in  a basin, 
transfer  it  to  a wooden  tub,  and  add  25 '5  kilos, 
of  nitric  acid  (sp.gr.  1*23)  and  18  kilos,  of  sul- 
phuric acid  (1‘84  sp.gr.).  Sometimes,  red  fumes 
were  evolved  only  after  some  hours,  but  in 
presence  of  excess  of  green  vitriol,  they  were 
always  evolved  at  once  and  this  gave  the  best 
colour.  After  standing  for  24  hours,  the  mixture 
was  suspended  in  a large  quantity  of  cold  water 
and  allowed  to  settle.  The  washing  by  de- 
cantation was  continued  until  the  blue  was  free 
from  sulphuric  acid.  It  was  then  collected  on 
linen  filters,  pressed  into  thin  cakes,  and  cut  up 
into  cubes  which  were  dried  in  the  air  and 
finally  at  30°-40°.  The  yield  was  39  to  39 ‘5 
kilos,  of  finished  blue. 

Another  method  was  to  treat  the  heated 
paste  of  ferrous  ferrocyanides  with  ferric 
chloride,  instead  of  with  nitric  acid,  until  the 
solution  contained  ferric  in  addition  to  ferrous 
salts,  but  according  to  Gentele,  the  cheapest  and 
best  method  is  to  acidify  the  paste  slightly  with 
hydrochloric  acid  and  pass  chlorine  gas  into  it 
until  the  solution  shows  a distinct  ‘ ferric  ’ re- 
action with  ferrocyanide. 

From  these  descriptions  it  is  clear  that 
commercial  Paris  blue  must  contain,  in  addition 
to  ordinary  insoluble  Prussian  blue,  one  or  more 
of  the  potassium  ferric  ferrocyanides.  The 
presence  of  potassium  appears  to  be  of  import- 
ance, a less  satisfactory  colour  being  produced 
when  sodium  ferrocyanide  is  used  in  its  pre- 
paration. H,  E.  Williams  says  that  potas- 
sium may  be  replaced  by  ammonium  with 
satisfactory  results.  A.  Eibner  and  L.  Gerstacker 
(J.  Soc.  Chem.  Ind.  1912,  31,  1041)  state  that 
the  blues  with  a high  potassium  content  possess 
the  technically  desirable  greenish  shade,  those 
poor  in  potassium  being  dull  with  a violet  tinge. 
They  have  found  12  p.c.  K and  5’5  p.c.  HgO  in 
‘ steel-blue  ’ and  ‘ bronze  blue ; ’ 9 p.c.  K and 
10'5  p.c.  H2O  in  ‘Paris  blue,’  the  lowest  value 
found  in  a commercial  blue  being  1’5  p.c.  K and 
24  p.c.  H2O.  In  the  commercial  pigments, 
Paris  blue  is  diluted  with  starch,  heavy  spar, 
gypsum,  zinc  white,  or  burned  and  finely  ground 
kaolin.  The  white  admixture,  after  having 
been  ground  very  finely  by  itself,  is  added  to 
the  Paris  blue  paste,  and  along  with  it  passed 
through  a colour  mill.  Very  low  qualities  of 
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blue  are  faced  by  rotating  the  dry  cubes  in  a 
cask  with  the  fine  dust  of  pure  Paris  blue. 

Potassium  ferrocyanide  (yellow  prussiate  of 
potash,  Bliitlaugensalz,  Ger.)  crystallises  from 
aqueous  solutions  in  large,  well-formed,  orange- 
yellow  tetragonal  pyramids  of  the  composition 
K4Fe(CN)g,3H20 ; sp.gr.  1‘86.  The  crystals 
do  not  change  when  exposed  to  the  air  at  ordinary 
temperatures.  They  begin  to  lose  water  at  60°, 
and  the  finely  powdered  salt  may  be  completely 
dehydrated  at  100°,  forming  a white  powder 
which  begins  to  decompose,  in  absence  of  oxygen, 
slightly  below  a red  heat  to  a mixture  of  potas- 
sium cyanide,  carbon  and  iron,  nitrogen  escaping. 
The  powder  takes  fire  at  a considerably  lower 
temperature  when  heated  in  contact  with  air. 
It  is  insoluble  in  alcohol.  The  soluble  ferro- 
cyanides  are  completely  decomposed  by  boiling 
with  mercuric  oxide 

K4Fe(CN)6+3Hg0+2H20 

=3Hg(CN)2+FeO+4KOH 

They  are  also  decomposed  by  aurous  cyanide, 
hydroxide,  and  even  by  finely- divided  gold  in 
the  presence  of  oxygen 

3Au+K4Fe(CN)6+2H20-f02 

=3KAu(CN)2+Fe(OH)3+KOH 

(E.  Beutel,  Zeitsch.  anorg.  Chem.  1912,  78,  141). 
According  to  Etard  (Ann,  Chim,  Phys.  1894, 
[7]  2,  546),  the  solubility,  expressed  in  grams 
of  anhydrous  salt  dissolved  by  100  grams  of 
water,  is  14-5  at  0°,  24*5  at  20°,  36  at  40°,  49*5 
at  60°,  64  at  75°,  70  at  80°,  72  at  89°,  74  at  98°, 
and  88  at  157°.  The  salt  is  much  less  soluble 
in  solutions  of  potassium  salts.  The  specific 
gravity  of  the  aqueous  solutions  is  given  below 
(Schiff,  Annalen,  1860,  113,  199)  : — 


Grs.  K4Fe(CN)8,3H201  . 

per  100  grs.  of  solution  j ^ 

Sp.gf.  at  15°  . . 1*0058  1*0295  1*0605  1*0932  1-1275 
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Sodium  ferrocyanide  crystallises  in  large 
lemon  - yellow  monoclinic  prisms  or  rhombo- 
hedra  of  the  composition  Na4Fe(CN)g,10H2O 
(Conroy,  J.  Soc,  Chem.  Ind.  1898,  17,  103), 
which  are  permanent  when  exposed  to  the  air 
at  the  ordinary  temperature,  but  are  com- 
pletely dehydrated  at  a little  above  100°.  The 
behaviour  of  the  dry  salt,  when  heated,  re- 
sembles that  of  the  potassium  compound.  The 
solubility  in  water  (Conroy,  J.  Soc.  Chem.  Ind, 
1898,  17,  103)  : grams  anhydrous  salt  dissolved 
by  100  grams  of  water,  is  at  20°,  17*9 ; at  30°, 
23*5  ; at  40°,  29  ; at  50°,  35*5  ; at  60°,  42*5  ; 
at  70°,  51*5  ; at  80°,  59*2 ; at  90°,  61  ; and  at 
100°,  63. 

Zinc  ferrocyanide  Zn2Fe(CN)6,6Il20  is  a 
white  amorphous  substance  obtained  by  the 
action  of  calcium  or  hydrogen  ferrocyanide  on 
an  excess  of  zinc  chloride  in  aqueous  solution. 
With  other  soluble  ferrocyanides  the  precipitate 
contains  more  or  less  of  the  metal  of  the  ferro- 
cyanide used,  a fact  referredfto  in  more  detail 
in  the  analytical  section  of  this  article.  It  is 
insoluble  in  dilute  acids,  completely  soluble  in 
caustic  alkalis  to  a mixture  of  ferrocyanide  and 
zincate,  and  only  partially  decomposed  by  alkali 
carbonates. 

Potassium  ferricyanide,  red  prussiate  of 
potash,  K3Fe(CNg),  was  discovered  by  Leopold 
Gmelin  in  1822.  He  prepared  it  by  passing 
chlorine  into  a solution  of  potassium  ferro- 
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cyanide  until  it  no  longer  gave  a blue  colour 
with  a ferric  salt : 

2K4Fe(CN)8+Cl2=2K3Fe(CN)8-f2KCl 

The  salt  is  always  manufactured  by  this 
reaction ; the  ferrocyanide  is  sometimes  used  in 
the  form  of  a dry  powder,  in  which  case  a mixture 
containing  potassium  chloride  is  obtained. 
Most  commonly,  a cold  10  p.c.  solution  of 
potassium  ferrocyanide  is  treated  with  chlorine 
until  conversion  is  just  complete.  A little 
Prussian  green  is  always  formed  by  the  action  of 
chlorine  on  the  ferricyanide,  and  as  this  passes 
through  any  filter  it  spoils  the  appearance  of 
the  product.  The  difficulty  may  be  avoided  by 
evaporating  the  solution  to  crystallisation  and 
then  adding  a little  caustic  potash  which  de- 
composes the  green  into  ferric  hydroxide,  which 
is  easily  removed  by  filtration,  and  potassium 
ferrocyanide,  which  is  apt  to  crystallise  out 
along  with  the  ferricyanide.  The  yield  of  ferri- 
cyanide, in  this  process,  is  85  to  90  p.c.  of  the 
theoretical  quantity. 

A.  W.  Williamson  (Annalen,  1846,  57,  225) 
found  that  potassium  ferric  ferrocyanide 
(Williamson’s  blue),  when  boiled  with  potassium 
ferrocyanide,  gives  potassium  ferricyanide  and 
Everitt’s  salt 

K4Fe"(  CN) » + KFe"\Pe"(CN) «] 

=K3Fe'”(CN)  e + K^Fe^fFe^'CCN)  J 

Since  Everitt’s  salt  is  readily  oxidised  to  William- 
son's blue  by  warming  with  dilute  nitric  acid, 
the  process  might  (as  Dittmar  suggested)  be 
utilised  to  complete  the  conversion  of  ferro- 
into  ferricyanide,  chlorine  being  used  up  to 
the  point  at  which  Prussian  green  begins  to  be 
formed. 

Many  other  oxidising  agents  have  been 
suggested  in  place  of  chlorine,  such  as  bromine, 
lead  peroxide,  calcium  plumbate,  potassium 
permanganate  and  persulphate,  and  electrolytic 
oxidation  {see  Bertelsmann,  Technologie  der 
Cyanverbindungen). 

Potassium  ferricyanide  crystallises  from 
water  in  magnificent,  deep  - red,  monoclinic 
prisms  which  may  be  very  large.  It  is  anhy- 
drous ; sp.gr.  1*845.  The  aqueous  solution  has 
an  intense  yellow  colour.  The  solubility  (grams 
of  anhydrous  salt  dissolved  by  100  grams  of 
water)  ‘is  33  at  4*4°,  36  at  10°,  40*8  at  15*5°, 
58*8  at  37*8°,  77*5  at  100°,  and  82*6  at  104*4° 
(Wallace,  Dingl.  poly.  J.  1856,  142,  52).  Specific 
gravity  of  the  solutions  at  15°  (Schiff,  Annalen, 
1860,  113,  199) 

^ 20  25  30 

Sp.gr.  1*0051 1*0261 1*0538 1*0831 1*1139 1*1462 1*1802 

The  aqueous  solution  is  decomposed  by  light, 
potassium  ferrocyanide  being  formed.  The 
caustic  alkaline  solution  is  a strong  oxidising 
agent  which  decolourises  indigo  instantaneously. 
The  alkaline  solution  is  also  reduced  by  hydrogen 
peroxide,  oxygen  being  evolved. 

Ferric  ferricyanide.  The  dark-brown  solu- 
tion, formed  when  solutions  of  a ferricyanide 
and  of  a ferric  salt  are  mixed,  contains  ferric 
ferricyanide  in  the  form  of  a highly  disperse 
colloid.  Ultramicroscopic  examination  show 
that  the  particles  gradually  increase  in  size, 
a green  substance  ultimately  separating  out 
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(R.  Haller,  Kolloid  Zeifc.  1917,  20,  76).  The 
formation  of  a green  substance  by  the  action 
of  chlorine  on  potassium  ferricyanide  was  first 
noticed  by  Pelouze  (Ann.  Chim.  Phys.  1838, 
[2]  69,  40).  Green  ferric  ferricyanides  are  also 
obtained  by  boiling  Prussian  blue  with  strong 
nitric  acid  or  by  precipitating  potassium  ferri- 
cyanide containing  a little  ferrocyanide  with 
ferric  chloride  (H.  E.  Williams). 

Potassium  carbonylferro  cyanide 

K3[re(CN)5C0]H20 

is  formed  by  the  action  of  carbon  monoxide 
on  an  aqueous  solution  of  potassium  ferrocyanide 
at  135° 

K4Fe(CN)6+C0+2H20 

=K3Fe(CN)6C0+NH3+KHC02 
(Muller,  Ann.  Chim.  Phys.  1889,  [6]  17,  94). 
Carbonylferrocyanides  are  found  in  the  cyanide 
mud  and  spent  oxide  of  the  gas  works,  in  which 
from  2 to  5 p.c.  of  the  cyanogen  (exceptionally 
as  much  as  20  p.c.)  is  present  in  this  form 
(H.  G.  Colman,  Analyst,  1908,  33,  261).  When 
the  caustic  soda  extract  of  these  materials, 
mixed  with  4 to  5 times  its  volume  of  methylated 
spirit,  is  allowed  to  stand  for  some  hours,  the 
sodium  ferrocyanide  crystallises  out  completely, 
leaving  the  carbonyl  ferrocyanide  in  solution. 
It  is  isolated,  in  the  form  of  the  amorphous, 
deep-violet  ferric  salt,  by  adding  ferric  chloride 
to  the  acidified  solution.  The  deliquescent 
calcium  salt  Ca3[Fe(CN)5C0]2,8H20  is  obtained 
by  boiling  the  ferric  salt  with  milk  of  lime. 
The  carbonyl  ferrocyanides  resemble  the  corre- 
sponding ferrocyanides,  but  are  paler  in  colour 
and  more  soluble  in  water.  The  copper  salt, 
a green  precipitate  soluble  in  excess  of  ammonia, 
is  characteristic. 

Sodium  nitroprusside  Na2[Fe(CN)5N0T2H20 
was  first  prepared  by  Lyon  Playfair  (Phil.  Mag. 
1850,  [3]  36,  197)  by  the  action  of  dilute  nitric 
acid  on  a solution  of  a ferrocyanide.  The 
primary  products  of  the  change,  hydroferri- 
cyanic  acid  and  nitric  oxide,  react  thus  : 
H3Fe(CN)  6 +NO = H2Fe(CN)5NO + HCN.  The 
salt  is  also  formed  by  adding  a concentrated 
solution  of  ferrous  sulphate  to  a solution  con- 
taining equal  parts  of  sodium  nitrite  and  potas- 
sium cyanide.  It  crj^'stallises  in  dark-red  prisms, 
soluble  in  2^  parts  of  water  at  16°.  The  solu- 
tion is  not  precipitated  by  a ferric  salt,  and  gives 
a deep  violet  colouration  with  alkali  sulphides. 

Sodium  aquopentacyanoferroate 

Na3[Fe(CN)5H20],5H20 

is  obtained  by  the  action  of  reducing  agents, 
such  as  phenylhydrazine  or  hydroxylamine,  or 
of  oxidising  agents,  such  as  potassium  hypo- 
bromite  and  hydrogen  peroxide  on  a solution  of 
sodium  nitroprusside  at  temperatures  below 
0°.  The  action  of  hydrogen  peroxide  is  analo- 
gous to  its  behaviour  with  a ferricyanide 
2K3Fe(CN)6+HoO,+2KOH 

=2K4Fe(CN)e+02+2H20 
The  salt  crystallises  in  reddish-yellow  needles, 
giving  an  intensely  yellow  solution,  which  does 
not  yield  a violet  colouration  with  alkali  sul- 
phides. 

Sodium  aquopentacyanoferriate 
; < Na,rFe(CN),H,0] 
is  obtained  by  oxidising  the  foregoing  compound 
with  bromine.  It  is  a deep  violet-blue  substance, 


and  Cambi  has  shown  that  the  potassium 
perferricyanide  obtained  by  Bong  (Bull.  Soc. 
chim.  1875,  [2]  24,  268)  and  Skraup  (Annalen, 
1877,  189,  368)  by  the  action  of  potassium 
chlorate  and  an  acid  on  a solution  of  potassium 
ferricyanide,  is  the  potassium  salt  of  the  same 
acid.  It  is  also  obtained  by  the  action  of 
excess  chlorine  on  potassium  ferricyanide,  a 
deep  violet  solution  being  formed,  from  which 
the  salt  is  precipitated  by  alcohol. 

A series  of  pentacyano  iron  compounds  has 
also  been  prepared,  which  may  be  regarded  as 
derived  from  the  aquo-compounds  just  described 
by  the  replacement  of  the  H2O  group  in  the 
anion  by  one  of  the  groups  NO2,  ASO2,  SO 
NH3,  or  substituted  ammonias. 


3» 
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Hexamethyl  carbylamine  ferro  salts.  By  the 

action  of  methyl  sulphate  on  dry  potassium 
ferrocyanide  or  of  methyl  iodide  on  silver  ferro- 
cyanide, E.  G.  J.  Hartley  has  obtained  a series 
of  salts  of  the  general  formula  [Fe(CNCH3)6]R2, 
R being  a univalent  acid  radical,  in  which  the 
iron  cyanogen  complex  plays  the  part  of  cathion. 
When  heated  with  concentrated  sulphuric  acid, 
or  boiled  with  aqueous  caustic  soda,  these  salts 
are  decomposed,  the  whole  of  the  nitrogen 
appearing  in  the  form  of  methylamine,  or  of 
methyl  carbylamine,  which  proves  that  all  the 
nitrogen  atoms  are  linked  to  methyl. 


Tetramethyl  ferrocyanide 


[ 


j,  (CNCH3), 

(CN)2 


IS 


formed  when  hexamethylcarbylamine  ferrochlo- 
ride  [Fe(CNCH3)6]Cl2  is  heated  at  140°-150°  in 
a vacuum  for  6-9  hours,  methyl  chloride  being 
split  off.  Two  isomeric  forms,  with  the  same 
molecular  weight,  have  been  separated  from 
the  reaction  product.  The  a-isomer  is  much 
more  readily  soluble  in  water,  alcohol,  and 
chloroform  than  is  the  i3-isomer,  and  from  water 
it  crystallises  with  two  molecules  of  water  of 
crystallisation,  the  ;8-isomer  combining  with  six. 
They  also  differ  in  their  behaviour  towards 
methyl  iodide,  with  which  the  a-compound  com- 
bines at  100°,  yielding  hexamethylcarbylamine 
ferroiodide,  the  ;8-compound  remaining  un- 
changed. No  method  of  converting  the  one 
form  into  the  other  has  been  discovered  (E.  G.  J. 
Hartley,  Chem.  Soc.  Trans.  1910,  1066  and  1725  ; 
ibid.  1911,  1549;  ibid.  1912,  705;  ibid.  1913, 


1196). 

Constitution  of  the  Iron  Cyanogen  Compounds. 
— When  dissolved  in  water  these  compounds 
dissociate  electrolytically  into  a complex  ion 
containing  the  iron,  cyanogen,  and  other  groups  ; 
the  sign  and  magnitude  of  the  electric  charge  of 
this  ion  depend  on  the  nature  of  its  constituent 
groups  of  atoms.  The  ions  Fe( CN)  f",  Fe  ( ON) 
Fe(CN)5CO'",  Fe(CN)5NO^  Fe(CNCH3)e';  are 
examples  of  this.  These  ions  possess  consider- 
able stability,  but  are  probably  dissociated  to  a 
very  small  extent.  For  example,  the  ferro- 
cyanogen  ion  is  supposed  to  dissociate  thus, 
Fe(CN)6"":^Fe”+6(CN)'  (F.  Haber,  Zeit. 

Elektrochem.  1905,  11,  846  ; Foster,  Chem. 
Soc.  Trans.  1906,  912).  In  the  dark  the  con- 
centration of  ferrous  ion  is  too  small  to  produce 
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a precipitate  of  FeS  with  an  alkali  sulphide,  but 
the  complete  decomposition  of  the  ferrocyanogen 
complex  by  mercuric  oxide  shows  that  the  minute 
concentration  of  (CN)'  in  a solution  of  a ferro- 
cyanide  is  greater  than  that  in  a solution  of 
mercuric  cyanide.  The  dissociation  of  the 
ferrocyanogen  ion  is  increased  by  light,  especially 
the  ultra-violet  rays,  so  that  in  alkaline  solu- 
tions, oxygen  produces  a precipitate  of  ferric 
hydroxide.  The  increased  dissociation  is,  how- 
ever, so  small  that  no  appreciable  increase  in 
the  conductivity  of  the  solution  can  be  detected. 

Measurements  of  the  osmotic  pressure  and 
electrical  conductivity  of  solutions  of  the 
ferrocyanides  of  calcium  and  strontium  have 
been  made  by  the  Earl  of  Berkeley,  Hartley 
and  Stephenson  (Phil.  Trans.  1909,  209A,  319), 
the  results  of  which  are  incompatible  with  the 
assumption  of  a molecule  Ca.rFe(CN)6]  dissoci- 
ating into  three  ions,  it  is  suggested  tnat  the 
undissociated  molecules  may  be  double.  The 
non-electrolyte,  tetramethyl  ferrocyanide,  exists 
as  single  molecules  in  aqueous  solution,  and, 
from  measurements  Of  the  freezing-point, 
Buchbock  (Zeitsch.  phys.  Chem.  1897,  23,  157) 
arrived  at  the  s^me  result  in  the  case  of 
tetraethyl  ferrocyanide. 

Several  cases  of  isomerism  have  been  re- 
corded. Locke  and  Edwards  (Amer.  Chem.  J. 
1899,  21,  193  and  413)  observed  that  the  ordi- 
nary anhydrous,  red  potassium  ferricyanide  is 
converted  into  a greenish-yellow  modification, 
crystallising  with  1 molecule  of  water  by  treat- 
ment with  acids.  This  /8-ferricyanide  gives  no 
precipitate  with  bismuth  nitrate,  the  ordinary 
a-modification  giving  a straw-coloured  precipi- 
tate, The  y8 -ferricyanide  is  converted  into  the 
a-salt  by  treatment  with  alkalis.  Briggs 
(Chem.  Soc.  Trans.  1911,  1019)  describes  similar 
behaviour  on  the  part  of  the  ferrocyanides. 
Faintly  acid  solutions  deposit  more  deeply 
coloured  crystals  of  the  )8-isomer,  which  are 
readily  converted  into  the  a-form  by  treatment 
with  potassium  cyanide  or  alkalis.  The  l- 
menthyl  ammonium  salts  of  the  two  isomers  have 
different  specific  rotatory  powers  in  alcoholic 
solution,  otherwise  only  minute  differences  in 
density  and  solubility  were  observed.  Bennett 
(Chem.  Soc.  Trans.  1917,  490)  finds  that  the 
a-  and  ;8-ferrocyanides  are  crystalographically 
identical,  and  explains  the  difference  of  colour 
by  slight  decomposition  of  the  acid  solutions. 

In  addition  to  the  isomeric  tetramethyl 
ferrocyanides  already  mentioned.  Hartley  (Chem. 
Soc.  Trans.  1914,  521)  has  recorded  the  existence 
of  two  isomeric  trimethyl  cobalticyanides 
Co(CNCH3)3(CN)3  (attempts  to  prepare  the 
ferricyanide  derivative  were  unsuccessful),  which 
differ  considerably  in  solubility. 

The  synthesis  of  ferrocyanides  from  a ferrous 
compound  and  of  ferricyanides  'by  boiling  excess 
of  ferric  hydroxide  with  an  alkali  cyanide 
(Skraup,  Annalen,  1877,  189,  376),  show  that 
these  compounds  and  their  direct  derivatives 
contain  divalent  and  trivalent  iron  respectively. 
It  is  to  be  remembered  that  the  iron  cyanogen 
compounds  here  considered  form  one  group  of  a 
great  family  of  complex  salts.  Substances  of 
the  general  formulae 

[M(CN)elR3  and  [M(CN)6]R4 
are  known  in  which  the  metal  is  Co,  Cr,  Mn, 


Ru,  Rn,  Ir,  and  Os,  and  in  which  the  CN  group 
may  be  replaced  by  SCN.  These  are  closely 
related  in  structure  and  chemical  behaviour 
to  large  groups  of  metal  ammonia  and  halogen 
complex  salts.  Under  the  circumstances,  Wer- 
ner’s formulation  of  these  salts,  although  it 
lacks  the  definiteness  of  the  structural  formulae 
of  organic  chemistry,  appears  to  be  the  best 
available,  A.  Werner  (Neuere  Anschauungen 
auf  den  Gebiete  der  anorganischen  Chemie, 
3rd  ed.  1913)  regards  the  complex  salts  as  built 
up  by  the  co-ordination  of  a maximum  number 
of  six  groups  of  atoms  round  a central  atom ; 
carbon,  nitrogen,  and  boron  are  exceptional,  their 
maximum  co-ordination  number  being  four. 
The  six  groups  are  arranged  symmetrically  ; at 
the  angles  of  a regular  octahedron,  they  are 
attached  to  the  central  atom,  partly  by  the 
ordinary  principal  valencies,  partly  by  secondary 
valencies.  The  nucleus  so  formed  acts  as  a 
more  or  less  stable  whole,  which  may  still  be 
able  to  combine  with  other  atoms  at  a greater 
distanc  from  the  centre  or  on  an  outer  sphere. 
These  more  loosely  held  atoms  dissociate  electro- 
lytically  when  the  substance  is  dissolved ; 
whether  they  are  attached  to  the  nucleus  as  a 
whole  or  to  any  particular  atom  in  it  is  left 
undecided,  although  Werner  inclines  to  the 
former  view.  The  number  and  nature  of  the 
ionogenic  groups  depends  on  the  nature  ot  all 
the  atoms  included  in  the  nucleus.  For  example, 
among  the  compounds  described,  we  have  : — 


Ferro-series 

[Fe(CN)e]K, 


Ferri-series 

[Fe(CN)e]K3 


[Fe(CN),]j,^  [Fe(CN).]K, 


CO 

[p  (CNCH3),] 

L (CN)3  j 

[Fe(CNCH3)e]Cl 


Complex  forms 
anion 

anion 


I^Co^^l^l^^^^jnot  dissociated 

cathion 

A further  consequence  of  the  theory  is  that 

complexes  of  the  formulae  j^M^/ j and  j 

should  exist  in  the  two  stereoisomeric  forms 
represented  by  : 


for  the  Second 


Possibly  Hartley’s  isomeric  tetramethyl 
ferrocyanide  and  trimethylcobalticyanides  are 
examples  of  these  forms  of  isomerism.  Werner 
classifies  the  (somewhat  uncertain)  isomerism 
of  the  ferro-  and  ferricyanides  as  unexplained ; 
but  as  Briggs  has  remarked  (Chem.  Soc.  Trans. 
1908,  1564),  they  would  also  come  under  the 
above  heading  if  the  potassium  atoms  are 
supposed  to  be  attached  to  definite  CN  groups 
in  the  nucleus. 

Manufacture  of  Potassium  and  Sodium 
Cyanides. — The  methods  of  manufacture  of  these 
salts  are  most  conveniently  described  together, 
since  most  of  the  processes  used  may  equally  well 
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be  applied  to  making  either  salt.  The  most 
important  technical  processes  have  already  been 
mentioned  in  the  introduction  to  this  article. 

Manufacture  from  Yellow  Prussiate.- — Potas- 
sium cyanide  was  first  prepared  by  Berzelius’s 
method,  which  consists  in  heating  dry  potassium 
ferrocyanide  to  redness,  when  it  decomposes 
thus  : K4re(CN)6=4KCN-f  Fe+2C+N2.  The 
loss  of  cyanogen,  which  occurs  in  this  way,  is 
partly  avoided  by  fusing  the  ferrocyanide  with 
potassium  carbonate,  as  first  described  by 
F.  and  E.  Rodgers  (Phil.  Mag.  1834,  [3]  4,  91). 
Liebig  showed  that  the  product  contains  cyanate, 
formed  thus  : 

K4Fe(CN)fi-l-K2C03=:5KCN-fKCN0-fFe+C02 

The  fused  salt  is  allowed  to  stand  until  the  iron 
and  carbon  have  settled  out,  and  is  then  poured 
off  into  moulds.  The  comparatively  small 
quantities  of  cyanide,  which  were  used  in  electro- 
plating and  for  other  purposes  up  to  about  1890, 
were  made  by  this  process.  The  product  was 
sold  in  white,  porcelain-like  cakes,  containing 
from  30  to  70  p.c.  of  KCN. 

In  1876,  E.  Erlenmeyer  (Ber.  1876,  9,  1840) 
pointed  out  that  a very  pure  product,  containing 
on  the  average  40  p.c.  of  ON  (equivalent  to 
100  p.c.  KCN),  was  obtained  by  fusing  dry 
prussiate  with  metallic  sodium  in  the  propor- 
tions required  by  the  equation 

K4Fe(CN)6+2Na=4KCN+2NaCN-f-Fe 

This  process  was  taken  up  first  by  the  Deutsche 
Gold  and  Silber  Scheide-Anstalt  (F.  Roessler, 
V.  Inter.  Kongress  fiir  Angewandte  Chemie, 
Berlin,  1903,  1,  638)  in  Frankfort- on-Main,  in 
1890  ; they  obtained  a practically  quantitative 
yield  by  filtering  off  the  spongy  iron  from  the 
fused  cyanide  and  pressing  the  iron  while  red 
hot.  The  cyanide  so  obtained  is  cast  in  cakes 
and  forms  a pure  white  crystalline  mass.  Since 
about  1905,  sodium  ferrocyanide  has  been  used 
in  this  process  in  place  of  the  potassium  salt,  and 
the  product  is  almost  pure  sodium  cyanide. 
The  excess  of  the  gas  works  ferrocyanide  over 
that  required  in  the  colour  industries  is 
converted  into  sodium  cyanide  in  this  way. 

It  has  been  proposed  to  distil  ferrocyanides 
with  acids  and  to  absorb  the  hydrocyanic  acid 
in  solutions  of  caustic  alkalis.  Grossmann 
(Eng.  Pats.  36  and  4513,  of  1903  ; J.  Soc.  Chem. 
Ind.  1903,  22,  1327)  distils  sodium  ferrocyanide 
with  20  p.c.  sulphuric  acid  in  lead  stills,  the 
Everitt’s  salt  remaining  is  re- converted  into 
sodium  ferrocyanide  by  boiling  it  with  caustic 
soda  in  a current  of  air.  The  use  of  calcium 
ferrocyanide,  which  readily  yields  two-thirds  of 
its  hydrocyanic  acid,  was  proposed  by  J.  H. 
Paul'  (Eng.  Pat.  72  of  1903).  W.  Feld  (Eng. 
Pat.  24920  of  1901)  converts  insoluble  ferro- 
cyanides into  mercuric  cyanide,  and  then  distils 
this  with  an  acid.  Dewrance  and  Williams 
(Ens.  Pat.  28074  of  1908)  distil  the  ferrocyanide, 
either  soluble  or  insoluble,  with  2-3  p.c.  of  its 
weight  of  cuprous  chloride  and  a small  excess  of 
sulphuric  acid,  the  whole  of  the  hydrocyanic 
acid  being  evolved.  None  of  these  proposals  is 
at  present  of  technical  importance. 

The  processes  of  Siepermann  and  Beilby  were 
the  first  synthetic  processes  to  produce  cyanide 
in  large  quantities  ; they  are  most  conveniently 
considered  together  because,  although  they  differ 


widely  in  the  methods  adopted  in  carrying  them 
out,  they  are  both  based  on  the  same  chemical 
reaction  which  was  also  used  by  Scheele  in  the 
first  synthesis  of  a cyanide  ever  made. 

In  Siepermann’s  process  (D.  R.  P.  38012, 
March  10,  1886  ; Eng.  Pat.  13697  of  1889  ; 9350 
and  9351  of  1900)  a dry  mixture  of  about  2 parts 
of  charcoal  and  1 part  of  potassium  carbonate — 
that  is,  a sufficient  excess  of  charcoal  to  keep 
the  mixture  in  the  form  of  a dry  unfused  mass 
throughout  the  process — is  heated  in  the  upper 
part  of  a vertical  iron  tube  to  a dark-red  heat 
and  treated  with  dry  ammonia  gas,  which  is 
taken  up,  forming  potassium  cyanate.  The 
product  is  then  allowed  to  fall  into  the  lower 
end  of  the  tube,  which  is  heated  to  bright  red- 
ness, At  the  higher  temperature  the  cyanate 
is  converted  into  cyanide,  the  carbon  monoxide 
evolved  escaping  through  the  upper  part  of 
the  tube  along  with  the  hydrogen  formed 
from  the  ammonia,  without  taking  any  part 
in  the  reaction.  The  finished  material  is 
drawn  off  into  air-tight  receptacles  where  it  is 
allowed  to  cool  completely,  after  which  it 
is  systematically  lixiviated  with  water.  Potas- 
sium cyanide  may  be  precipitated  from  the 
solution  obtained  (sp.gr.  abdut  1’4)  by  adding 
excess  of  potassium  carbonate,  but  according  to 
the  later  patents  it  is  preferable  to  evaporate  it 
almost  to  dryness  and  extract  the  unchanged 
potassium  carbonate  with  small  quantities  of 
water  at  66°.  The  residue  of  potassium  cyanide 
and  cyanate  is  then  treated  with  water  between 
— 18°  and  -|-5°,  which  dissolves  the  cyanide  and 
any  residue  of  carbonate,  leaving  almost  pure 
potassium  cyanate.  The  product  of  this  process 
was  first  put  on  the  market  in  1892  (G.  Beilby, 
V.  Int.  Kongress  angew.  Chem.  Berlin,  1903,  1, 
630),  but  as  the  substance  was  in  the  form  of  a 
damp  deliquescent  mass,  it  could  not  be  exported 
for  use  at  the  mines  by  itself  but  had  to  be  fused 
with  the  product  of  the  ferrocyanide  process. 

In  the  Beilby  process  (Eng.  Pat.  4820  of 
1891),  which  began  to  produce  in  the  same  year, 
the  quantity  of  charcoal  used  is  very  much 
smaller,  very  little  more  being  employed  than 
is  necessary  to  convert  the  potassium  carbonate 
into  cyanide  thus  : 

K2C03+4C+2NH3=:2KCN-f3C0+3H2 

The  charcoal  is  added  gradually  during  the 
progress  of  the  operation,  so  that  the  material  is 
always  in  the  form  of  a fused  liquid  through 
which  the  ammonia  gas  is  forced  under  some 
pressure.  This  is  continued  until  a sample 
shows  the  conversion  to  be  sufficiently  complete  ; 
it  is  then  only  necessary  to  separate  the  small 
excess  of  charcoal  by  filtration  in  order  to  have 
a pure  white  saleable  product.  Since  the  melt- 
ing-point of  pure  potassium  carbonate  (890°)  is 
inconveniently  high,  previously  made  cyanide 
was  mixed  with  it  in  starting  the  process,  or 
the  more  readily  fusible  mixture  of  sodium  and 
potassium  carbonates  was  used,  so  that  the 
cyanide  made  by  the  process  was  very  similar  in 
composition  to  that  produced  by  the  Erlenmeyer 
process  from  potassium  ferrocyanide.  In  1899 
the  Beilby  process  contributed  fully  one-half  of 
the  total  European  production  of  cyanide. 

It  is  difficult  to  obtain  a satisfactory  yield  on 
the  ammonia  in  these  processes,  owing  to  the 
rapidity  with  which  it  decomposes  into  its 
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elements  at  temperatures  above  500°  and  in 
contact  with  metals,  especially  iron  (Ramsay 
and  Young,  Chem.  Soc.  Trans.  1884,  88  ; Beilby 
and  Henderson,  ibid.  1901,  1245).  For  this 
reason  it  is  necessary  to  work  at  the  lowest 
possible  temperature.  Siepermann,  for  example, 
obtained  a yield  of  86  p.c.  on  the  ammonia  when 
it  was  absorbed  at  a dark-red  heat,  but  only 
58  p.c.  at  a bright  cherry-red  heat.  Readman 
(J.  Soc.  Chem.  Ind.  8,  757,  1889)  showed  that 
almost  theoretical  efficiencies  can  be  obtained 
at  the  low  temperatures  attainable  in  an  ordinary 
organic  combustion  furnace ; whilst  Conroy 
{ibid.  15,  12,  1896),  working  at  very  high  tem- 
peratures (1000°-1200°),  could  not  get  more  than 
30  to  33  p.c.  of  the  ammonia  in  the  form  of 
cyanide.  In  practice  the  reaction  velocity  is 
also  of  great  importance  ; in  the  Beilby  process, 
where  the  advantage  of  the  large  surface  exposed 
by  Siepermann’s  dry  mass  of  alkalised  charcoal 
is  sacrificed,  the  reaction  is  too  slow  at  tempera- 
tures below  900°,  the  best  results  are  obtained 
at  980°.  In  order  to  keep  down  the  dissociation 
of  the  ammonia  at  this  high  temperature  it  is 
injected  into  the  fused  mixture  through  copper- 
lined  tubes  of  such  diameter  that  its  time  of 
contact  with  the  hot  metal  is  less  than  one-tenth 
of  a second. 

The  chemistry  of  the  reaction  has  been 
investigated  by  J.  Pfieger  (F.  Roessler,  V.  Int. 
Kongress  angew.  Chem.  Berlin,  1903,  1,  638). 
Ammonia  and  potassium  carbonate  react,  yield- 
ing potassium  cyanate  and  hydroxide,  a car- 
bamate being  most  probably  formed  as  an 
intermediate  product ; 

CO(OK)2+NH3=CO<^q^2+KOH 

C0<^™^=KCN0+H20 

When  pure  potassium  cyanate  is  heated  at 
800°-900°,  it  decomposes,  cyanide  and  carbonate 
being  formed  and  nitrogen,  carbon  dioxide,  and 
carbon  monoxide  evolved.  The  mechanism  of 
this  change  is  probably  as  follows  : Drechsel  (J. 
pr.  Chem.  1877,  [2]  16,  201.)  has  observed  that 
the  cyanates  of  the  alkaline  earth  metals  decom- 
pose, when  heated,  into  carbon  dioxide  and  the 
corresponding  cyanamide  salts.  Assuming  that 
the  alkali  cyanates  behave  similarly,  the  first 
change  will  be 

' 2KCN0=K2CN2+C02 

Potassium  cyanamide,  however,  decomposes 
completely  at  lower  temperatures  than  800° 
into  cyanide,  potassium,  and  nitrogen  : 

K^CNa^KCN+K+N 

The  carbonate  and  carbon  monoxide  observed 
are  thus  due  to  the  reaction  between  the  metallic 
potassium  and  carbon  dioxide  which  are  formed 
simultaneously.  In  presence  of  charcoal  in 
excess,  the  greater  part  of  the  cyanamide  follows 
Drechsel’s  reaction  ( J.  pr.  Chem.  1880,  [2]  21,  77), 
K2CN2  + C=2KCN,  instead  of  decomposing  ; so 
that  the  apparent  reduction  of  cyanate  by 
carbon  probably  takes  place  in  the  two  stages  : 

2KCN0=K2CN2+C02 

and  K2CN2+C-2KCN 

C02+C=2C0 

The  reactions  occurring  in  the  Beilby  process 
are  the  same,  except  that,  the  whole  process 


being  carried  on  at  the  higher  temperature,  the 
formation  of  cyanate  and  its  conversion  into 
cyanide  take  place  simultaneously  instead  of 
being  more  or  less  sharply  separated  as  they  are 
in  Siepermann’s  process. 

In  the  Siepermann  process,  it  is  easier  to 
use  the  ammonia  efficiently,  owing  to  the  lower 
temperature  employed,  but  this  is  counter- 
balanced by  the  greater  difficulty  of  worldng  up 
the  product  into  a marketable  form. 

The  Castner  Process. — In  1894  H.  Y.  Castner 
(Eng.  Pat.  12219  of  1894)  patented  a process  in 
which  sodium  was  fed  in  at  the  upper  end  of  a 
column  of  red-hot  charcoal  through  which  a 
current  of  dry  ammonia  gas  was  passed  from 
below,  the  reaction  being  expressed  by  the 
simple  equation  : 

2Na-f2C+2NH3=2NaCN+3H2 

In  a second  patent  (H.  Y.  Castner,  Eng.  Pat. 
21732,  1894)  it  is  shown  that  better  results  are 
obtained  by  first  allowing  the  sodium  and  am- 
monia to  react  at  a low  temperature  (300°  to 
400°),  forming  sodium  amide  NaNHg,  and  then 
running  the  amide  on  to  an  excess  of  red-hot 
charcoal  with  which  it  reacts  thus  : 

NaNH2+C=NaCN+H2 

Working  in  this  way,  it  happened  on  one 
occasion  that  an  excess  of  amide  was  acci- 
dentally run  into  the  vessel  containing  the 
charcoal,  and  a product  of  unusual  appearance 
was  obtained,  in  which  the  writer  found  a large 
quantity  of  sodium  cyanamide.  The  reaction, 
therefore,  takes  place  in  three  stages,  in  which 
the  nitrogen  enters  successively  into  more  and 
more  stable  combinations.  First  sodium  amide 
is  produced,  a compound  which  begins  to  de- 
compose rapidly  into  its  elements  at  500° 
(Titherley,  Chem.  Soc.  Trans.  1894,  504)  ; this 
reacts  either  with  carbon 

2NaNH2+C=Na2CN2+2H2 
or,  as  Pfieger  found,  with  sodium  cyanide 
NaNH2+NaCN=Na2CN2+H2 

forming  sodium  cyanamide,  a compound  which 
only  decomposes  slowly  at  600°,  and  finally  this 
takes  up  carbon,  forming  sodium  cyanide  which 
is  quite  stable  at  any  temperature  attained  in 
the  process. 

Like  the  Beilby  process,  this  process  yields  a 
fused  product  containing  very  small  quantities 
of  solid  impurities  which  are  easily  removed  by 
filtration.  After  being  cast  in  iron  moulds,  the 
cyanide  is  obtained  in  the  form  of  pure  white 
cakes  with  crystalline  fracture,  containing  97^ 
to  98  p.c.  of  NaCN  (equivalent  to  129-130  p.c. 
of  KCN). 

The  greater  part  of  the  world’s  cyanide  re- 
quirements has  been  from  its  inception  to  the 
present  date,  1920,  supplied  by  this  process  in 
England.  It  was  worked  out,  under  Mr. 
Castner’s  direction,  at  the  works  of  the  Alumi- 
nium Go.  at  Oldbury  ; the  first  manufacturing 
plant  was  erected,  by  the  writer,  at  Frankfurt- 
on-Main,  just  before  Mr.  Castner’s  death  in 
1899,  and  the  second  at  Glasgow  in  1900. 
The  experienced  assistance  of  the  staffs  of  the 
Frankfurt  and  Glasgow  companies  led 'to  rapid 
improvement  of  working  details.  A third 
installation  started  work  near  New  York  in 
1901. 
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‘ Schlem'pe  ’ Process. — The  juice  of  the 
sugar  beet  contains  both  inorganic  and  organic 
substances  other  than  sugar,  and  these  sub- 
stances accumulate  in  the  molasses.  In  Ger- 
many, rather  more  than  half  of  the  molasses 
made  are  treated  with  strontia,  which  combines 
with  the  sugar  to  form  an  insoluble  sucrate  ; the 
residue  left  after  removing  this,  the  concentrated 
essence  of  the  impurities  of  the  original  juice,  is 
known  as  ‘ schlempe.’  After  concentration  to 
sp.gr,  1’4,  it  contains  75  p.c.  of  dry  substances, 
30  p.c,  of  which  are  inorganic  (mainly  potassium) 
salts  and  the  remainder  organic  substances. 
The  ‘ schlempe  ’ contains  about  4 p.c.  of  nitrogen 
in  the  form  of  betaine 

CH^ CO 

1 >0 

N(CH3)3 

and  decomposition  products  of  the  vegetable 
proteins.  Of  the  molasses  not  treated  by  Ihe 
strontia  process,  a large  part  is  consumed  as 
cattle  food  and  a small  part  fermented  to 
alcohol.  The  residue  of  the  alcoholic  fermenta- 
tion is  known  in  France  as  ‘ vinasses.’’ 

The  first  attempt  to  utilise  the  nitrogen  of 
‘ vinasses  ’ was  made  by  Vincent  in  1877-1880. 
He  distilled  the  ‘ vinasses  ’ in  horizontal  iron 
retorts  at  a red  heat,  ammonia,  a mixture  of 
the  three  methylamines,  monoethyl-,  mono- 
butyl, and  monopropylamines,  methyl  alcohol, 
and  combustible  gases  was  evolved,  and  potas- 
sium carbonate  mixed  with  some  carbon  remained 
behind  (E.  Duvillier  and  A.  Buisine,  Ann, 
Chim.  Phys.  1881,  [5]  23,  289  ; H.  Ost,  Zeitsch. 
angew.  Chem,  1906,  19,  609).  In  1879  Ortlieb 
and  Muller  devised  a process  for  converting 
Vincent’s  methylamines  into  hydrocyanic  acid, 
which  was  worked  by  the  Societe  Anonyme  de 
Croix  (Eng.  Pat.  3844,  of  1879).  The  vapour 
of  the  methylamines  was  passed  through  a red- 
hot  retort,  yielding  ammonia,  hydrocyanic  acid, 
methane,  and  hydrogen.  The  ammonia  was 
absorbed  by  sulphuric  acid,  and  the  hydrocyanic 
acid  by  a suspension  of  ferrous  hydroxide  in 
caustic  potash.  The  manufacture  of  the 
methylamines  was  abandoned  in  1881  for  want 
of  a market,  and  with  it  the  production  of 
cyanides. 

The  problem  was  again  attacked  by  Bueb 
(Reichardt  and  Bueb,  Eng.  Pat.  7171  of  1895  ; 
Bueb,  Eng,  Pat.  26259  of  1898).  Instead  of 
separating  the  products  of  distillation  of  the 
‘ schlempe,’  he  passed  them  directly,  after  con- 
densing some  tar,  into  a series  of  firebrick 
channels  which  were  heated  to  bright  redness. 
The  ammonia  and  hydrocyanic  acid  were 
absorbed  together  in  a solution  of  ferrous  sul- 
phate, and  the  product  worked  up  in  the  same 
way  as  that  made  in  the  gas-works.  The  narrow 
flues  were  soon  stopped  up  by  deposits  of  earbon, 
so  that  they  were  replaced  by  chambers  filled  with 
fire-brick  checker- work,  which  is  heated  up  to 
1000°  by  firing  directly  with  producer  gas ; during 
this  process,  the  deposit  of  earbon  is  burned. 
Two  such  chambers  are  used  alternately,  the  one 
being  heated  up  whilst  the  gases  from  the  retorts 
are  passing  through  the  other.  The  gases 
leaving  the  decomposing  chambers  contain 
7 p.c.  HON  ; 7 p.c.  NH3  ; 8 p.c,  (mainly)  CH4  ; 
12p.c.  Hg;  18  p.c.  CO;  24p.c.  CO2;  and  24  p.c. 
N 2-  In  passing  through  the  decomposing 


chamber,  the  methylamines  disappear  and 
hydrocyanic  acid  is  formed,  the  ammonia  under- 
going but  little  change.  The  ammonia  is  now 
removed  from  the  gas  by  absorption  in  sulphuric 
acid,  and  the  hydrocyanic  acid  absorbed  in 
water  in  a suitable  column.  The  solution  of 
hydrocyanic  acid  is  then  distilled  into  a solution 
of  caustic  soda  (A.  Vasseur,  Bull,  Soc.  Ind. 
Nord  de  la  France,  1913,  41,  445).  The  solution 
of  sodium  cyanide  is  evaporated  to  crystallisa- 
tion, the  crystals  dried,  and  briquetted  by  com- 
pressing them  into  blocks  which  are  dried  at  70° 
in  vacuo  (Eng.  Pat,  18096,  of  1907),  and  then 
contain  sodium  cyanide  equivalent  to  120  p.c. 
of  KCN. 

Of  the  nitrogen  in  the  ‘ schlempe,’  about  one- 
half  is  converted  into  nitrogen  gas  and  so  lost ; 
a quarter  is  obtained  as  sodium  cyanide  and 
the  remainder  as  ammonium  sulphate. 

The  decomposition  of  di-  and  tri-methyl- 
amine,  when  passed  through  a heated  porcelain 
tube  filled  with  fragments  of  porcelain,  fire- 
brick, or  charcoal,  has  been  studied  by  Voer- 
kelius  (Dissertation,  Hannover,  1909),  At 
temperatures  lying  between  800°  and  1000°, 
as  much  as  98  p.c.  of  the  trimethylamine  de- 
composes into  hydrocyanic  acid  and  methane 
N(CH3)3  = HCN-(-2CH4,  the  remaining  2 p.c. 
yielding  ammonia  N(CH3)3-f  3H2=NH3-1-3CH4, 
This  result  was  obtained  when  the  gaseous  con- 
tents of  the  tube  were  changed  once  in  7|^ 
seconds  ; with  a slower  current  of  gas  and  also 
with  a contact  material  of  large  surface  (fireclay 
or  charcoal)  or  with  iron,  a part  of  the  hydro- 
cyanic acid  is  decomposed  into  its  elements.  The 
rate  of  decomposition  at  1000°,  however,  is 
small.  At  720°  the  yield  of  hydrocyanic  acid 
was  only  78  p.c.,  and  at  600°  none  was  produced. 

The  formation  of  hydrocyanic  acid  from 
dimethylamine  also  begins  between  600°,  and 
700°,  from  800°  to  1100°  the  change  takes  place 
quantitatively  in  accordance  with  the  equation 
NH(CH3)2=HCN+CH4+H2.  If  hydrogen  is 
present,  however,  a second  change  occurs 
NH(CH3)2+2H2=NH3+2CH4.  Using  equal 
volumes  of  hydrogen  and  dimethylamine,  this 
reaction  is  of  no  importance,  but  as  the  hydrogen 
present  increases  more  and  more  of  the  di- 
methylamine is  converted  into  ammonia  until, 
with  a mixture  of  97  parts  of  hydrogen  to  3 parts 
of  dimethylamine,  ammonia  is  the  sole  pro- 
duct. 

The  behaviour  of  monomethylamine  is 
probably  analogous  to  that  of  dimethylamine. 
A.  Wurtz  (Ann.  Chim.  Phys.  1850,  [3]  30,  443) 
found  that,  at  a red  heat,  it  decomposes  in 
accordance  with  the  equation  : 

3CH3.NH2=2HCN+NH3-fCH4-f3H2 

In  practice,  therefore,  the  losses  of  hydro- 
cyanic acid  and  ammonia  by  decomposition  will 
depend  on  the  rate  of  passage  of  the  gases  and 
on  the  nature  of  the  contact  material — the 
deposit  of  earbon  on  the  porous  bricks  diminish- 
ing the  decomposition  of  hydrocyanic  acid. 

The  Deutsche  Gold  und  Silber  Scheide 
Anstalt  (Fr.  Pats.  447725  and  448722  of  1912) 
has  made  practical  application  of  these  observa- 
tions by  passing  the  gases  at  a high  velocity 
through  heated  conduits  made  of  fused  quartz 
or  Dinas  brick  without  filling  material.  By 
this  means,  it  is  said  that  practically  the  whole 
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of  the  nitrogen  is  obtained  as  ammonia  or 
hydrocyanic  acid. 

Manufacture  of  Sodium  and  Potassium 
Cyanides  from  Sulphocyanides. — The  sulpho- 
cyanide  is  first  converted  into  ferrocyanide  by 
one  of  the  methods  already  described,  and  the 
ferrocyanide  then  worked  up  into  cyanide ; 
this  is  the  method  actually  in  use.  Other  more 
direct  processes  have  been  used  to  some  extent. 

The  earliest  of  these  was  D.  J.  Playfair’s 
process  (Eng.  Pat.  7764  of  1890).  Playfair  found 
that  certain  metals,  lead  and  zinc  especially, 
when  fused  with  potassium  sulphocyanide, 
abstract  the  sulphur,  leaving  potassium  cyanide, 
which  may  be  separated  from  the  metallic 
sulphide  by  extraction  with  water.  The  fusion 
is  carried  out  at  400°,  and  70-80  p.c.  of  the 
sulphocyanide  is  converted  into  cyanide  (D.  J. 
Playfair,  J.  Soc.  Chem.  Ind.  1892,  11,  14 ; 
Conroy,  ibid.  1896,  15,  8).  The  reaction  is 
slower  with  lead,  owing  to  the  small  surface 
offered  by  the  fused  metal,  whilst  with  zinc  the 
product  is  apt  to  be  contaminated  by  the  double 
cyanide  of  zinc  and  potassium.  The  process 
was  worked  about  1894  by  the  British  Cyanides 
Co.  at  Oldbury  (Brussels  Exhib.  1910,  Catalogue 
of  British  Chem.  Section,  p.  63), 

Raschen’s  process  (Eng.  Pats.  10476,  10956, 
and  21678  of  1895  ; 19767  of  1898  ; 12180  of 
1900)  is  based  on  the  oxidation  of  sulphocyanic 
acid  to  hydrocyanic  and  sulphuric  acids  which 
was  first  observed  by  E.  A.  Hadow  (Annalen, 
1858,  108,  380).  Hadow  found  that  permangan- 
ate, lead  peroxide,  manganese  dioxide,  and 
nitric  acid  bring  about  the  same  reaction. 
Raschen  found  that  it  takes  place  quantitatively 
in  acid  solutions  only  when  an  excess  of  the 
oxidising  agent  is  present.  If  the  oxidising 
agent  is  added  to  the  sulphocyanide,  solid  yellow 
compounds  are  produced  of  variable  composi- 
tion, one  of  which,  ‘ canarin  ’ (q.v.),  has  been 
used  as  a yellow  dye. 

The  Raschen  process  (J.  T.  Conroy,  J.  Soc, 
Chem.  Ind.  1899,  18,  432)  was  carried  out  by 
allowing  a solution  containing  about  15  p.c.  of 
sodium  sulphocyanide  to  flow  into  dilute  nitric 
acid  kept  at  the  boiling-point  by  means  of  live 
steam.  The  reaction  : 

NaCNS + 2HNO3 = HCN  -fi  NaHS04 + 2NO 

took  place.  From  3 to  5 p.c.  of  the  nitric  acid 
was  less  completely  reduced,  NgOg  being  formed, 
so  that  the  gases  leaving  the  decomposer  were 
first  scrubbed  with  a little  water.  The  resulting 
solution  of  nitric,  nitrous,  and  hydrocyanic  acids 
was  returned  to  the  decomposer.  The  gas, 
which  now  contained  about  1 volume  of 
hydrocyanic  acid  to  2 volumes  of  nitric 
oxide,  was  passed  through  a solution  of  caustic 
soda  (sp.gr.  1 ’37),  which  absorbed  the  hydro- 
cyanic acid.  It  was  found  necessary  to  avoid 
saturating  this  solution  completely  with  hydro- 
cyanic acid  because  of  the  brown  decomposi- 
tion products  which  are  formed  from  the  free 
acid  in  presence  of  a cyanide.  The  nitric 
oxide  was  then  mixed  with  air  and  passed  up- 
wards through  towers  packed  with  flints  down 
which  water  trickled ; in  this  way  it  was  re- 
converted into  nitric  acid  (sp.gr.  1‘12)  which  was 
returned  to  the  decomposer.  The  solution  of 
sodium  cyanide  was  evaporated  to  dryness  in 
vacuum  pans  without  appreciable  loss. 


The  reduction  of  sulphocyanides  by  hydrogen 
was  studied  by  Playfair  (J.  Soc.  Chem.  Ind. 
1892,  11,  14).  He  found  that  hydrogen  acts  on 
potassium  sulphocyanide  at  a dull-red  heat, 
forming  potassium  cyanide  and  sulphide  and 
sulphuretted  hydrogen. 

Conroy,  Heslop,  and  Shores  (J,  Soc.  Chem. 
Ind.  1901,  20,  320)  showed  that  the  reaction 
takes  place  slowly  at  500°,  and  fairly  fast  at 
600°.  Their  results  indicate  that  two  reactions 
occur  simultaneously  : 

KSCN+Hg^KCN+HaS 

and 

2KSCN+2H2=K2S-f2HCN+H,S 

A little  ammonia  is  also  evolved,  probably  owing 
to  the  difficulty  of  drying  the  sulphocyanide 
completely.  About  70  p.c,  of  the  nitrogen  is 
obtained  in  the  form  of  cyanide  and  20  p.c.  as 
hydrocyanic  acid.  With  barium  and  cuprous 
sulphocyanides,  the  reaction  is  similar  to  that 
represented  by  the  second  of  the  above  equations, 
the  principal  nitrogenous  product  being  hydro- 
cyanic acid.  With  the  cuprous  salt,  the  reaction 
begins  below  300°. 

Rossiter,  Crowther,  and  Albright  (Eng.  Pats. 
4403  and  6226  of  1901)  have  patented  a process 
based  on  the  behaviour  of  the  cuprous  salt.  It 
is  mixed  with  finely  divided  copper  and  heated 
at  temperatures  rising  from  150°  to  650°  in  a 
current  of  hydrogen.  Hydrocyanic  acid  is 
evolved  and  cuprous  sulphide  remains  behind. 

Synthesis  of  Cyanides  from  Uncombined  Nitro- 
gen. Up  to  the  outbreak  of  the  European  War 
in  1914  the  nitrogen  of  cyanides  was  almost 
exclusively  derived  either  from  organic  matters 
of  animal  origin  or  from  coal.  The  ptrsistent 
attempts  to  synthesise  cyanogen  compounds 
from  atmospheric  nitrogen,  which  date  back  to 
the  first  half  of  the  nineteenth  century,  have  been 
renew^ed  during  recent  years,  and  important 
progress  has  been  made.  The  deficiency  of 
cyanide  caused  by  war  conditions  has,  to  a small 
extent,  been  supplied  by  the  product  of  one  of 
the  processes  using  atmospheric  nitrogen ; but 
it  remains  to  be  seen  whether  any  one  of  them 
will  be  able  to  hold  its  own  in  competition  with 
the  older  sources  of  supply  under  more  normal 
conditions. 

The  attacks  on  the  problem  of  fixing  free 
nitrogen  in  the  form  of  cyanide  have  been 
made  by  several  paths  which  sometimes  inter- 
sect. For  convenience  of  description,  they  may 
be  arranged  according  to  the  raw  materials 
used ; the  action  has  been  studied  of  nitrogen 
on  : — 

1 a.  Alkali  metal  carbonates  and  carbon 

b.  Alkali  metals  and  carbon. 

c.  Barium  carbonate  and  carbon. 

2 a.  Carbides  of  metals. 

b.  Acetylene.  ^ 

3.  Metals  forming  nitrides,  subsequently 
converted  into  cyanides. 

1 a.  Action  of  Nitrogen  on  Alkali  Metal  Carbonates 
and  Carbon. 

Scheele  may  have  been  the  first  to  fix  atmo- 
spheric nitrogen  in  the  form  of  a cyanide.  Writing 
in  1783,  he  says  (Chemical  Essays,  1901,  reprint, 
288)  : ‘ We  know  that  charcoal  powder,  brought 
into  fusion  with  fixed  alkalis,  yields  likewise  a 
kind  of  lixivium  sanguinis,  though  weak.’  The 


456 


CYANIDES. 


source  of  the  nitrogen  is,  however,  doubtful, 
since  charcoal  contains  a little  combined  nitrogen. 
Desfosses  (Ann.  Chim.  Phys.  1828,  38,  158) 
mentions  that  notable  quantities  of  cyanide  are 
obtained  by  the  action  of  nitrogen  on  a mixture 
of  potash  and  carbon  heated  to  redness,  but  the 
first  thorough  investigation  of  the  reaction  was 
made  by  Lewis  Thompson,  who  was  awarded 
the  Gold  Isis  Medal  of  the  Society  of  Arts,  in 
1838,  for  his  improvements  in  the  manufacture 
of  Prussian  blue.  The  chief  improvement 
consisted  in  the  substitution  of  atmospheric 
nitrogen  for  that  contained  in  animal  matters 
(Mechanics  Magazine,  1839,  31,  92).  Potash 
(2  parts),  coke  (2  parts),  and  iron  turnings 
(1  part),  were  ground  together  to  a coarse  powder 
and  heated  in  an  open  crucible,  for  half  an  hour, 
to  a full  red  heat  with  occasional  stirring  ; the 
end  of  the  operation  was  indicated  by  the 
cessation  of  the  jets  of  purple  flame  which  arose 
from  the  surface  of  the  mixture.  After  cooling, 
the  material  was  lixiviated,  and  Prussian  blue 
precipitated  in  the  usual  way.  The  yield  was 
better  with  larger  quantities  of  material  than  it 
was  with  smaller  batches  ; thus  6 oz.  of  pearlash, 
containing  45  p.c.  K.^O,  yielded  0'62  oz.  (295 
grains)  of  Prussian  blue,  whilst  12  oz.  (1  lb.)  of 
t^he  same  material  yielded  2*8  oz.  (1355  grains) 
of  blue  ; ^ that  is,  0'23  and  0’54  part  of  Prussian 
blue  for  1 part  of  K2O  used.  Assuming  that  the 
Prussian  blue  was  dried  at  30°-40°,  and  con- 
tained 28  p.c.  of  water,  the  theoretical  yield  is 
2T  parts,  so  that  Thompson  cyanised  from 
11  to  26  p.c.  of  the  potash  used.  This  calcula- 
tion may  underestimate  the  yield,  because  it  is 
stated  that  the  Prussian  blue  spoken  of  is  the 
‘ pure  perferrocyanate  of  iron.’  Coke  was  used 
(because  wood  charcoal  burns  away  too  quickly), 
and  the  ‘ carbonaceous  matter  may  be  worked 
over  again  many  times,  and  is  even  improved 
by  each  operation.’  The  importance  of  the 
addition  of  iron  is  insisted  on ; when  it  is  not 
employed  a much  higher  temperature  is  required. 

The  importance  of  Thompson’s  discovery  of 
the  catalytic  action  of  iron  was  not  fully  appreci- 
ated for  nearly  three-quarters  of  a century, 
perhaps  because  the  addition  of  iron  for  an 
entirely  different  purpose  was  a familiar  feature 
of  the  current  process  of  manufacture  of  ferro- 
cyanide.  Contemporary  criticism  was  con- 
cerned mainly  with  the  source  of  the  nitrogen, 
although  Thompson’s  statement  that  the 
carbonaceous  matter  improves  on  re-use  would, 
if  confirmed,  have  put  the  matter  beyond  doubt. 

G.  Fownes,  in  a paper  read  to  the  British 
Association  (The  Chemist,  1841,  2,  261),  insisted 
on  the  possible  error  due  to  the  presence  of 
nitrogen  in  the  coke  used,  and  found,  like 
Scheele,  that  charcoal  or  coke  yields  ‘ abundance 
of  cyanide  ’ when  heated  with  potash  in  a closed 
crucible  at  a moderate  red  heat,  which  is  not 
the  case  when  pure  carbon  is  used.  When  pure 
nitrogen  was  passed  over  a mixture  of  pure 
potassium  carbonate  and  sugar  charcoal 
heated,  in  a porcelain  tube,  he  observed 
that  carbon  monoxide  was  evolved  ^at  first 
in  much  greater  volume  than  that  of  the 
nitrogen  passed  in.  When  the  evolution  of 
carbon  monoxide  ceased  he  found  in  two  experi- 

^ The  bracketed  figures  are  Thompson’s  ; they  are 
recalculated  on  the  assumption  that  Troy  weight  was 
used. 


ments  at  a ‘ full  red  heat  ’ that  11|  and  p.c. 
of  the  potash  had  been  converted  into  cyanide, 
whereas  at  ‘ whiteness,  much  above  the  melting- 
point  of  copper,’  the  production  of  cyanide 
appeared  much  greater. 

The  repetition  of  Fownes’  experiment  by 
several  chemists  added  little  to  our  knowledge, 
and  may  be  dismissed  in  a few  words.  Erdmann 
and  Marchand  (J.  pr.  Chem.  1842,  26,  407) 
observed  only  a doubtful  trace  of  cyanide ; 
Liebig  and  Wohler  (Handworterbuch  der 
Chemie,  1842,  ii.  384)  could  not  confirm  Fownes’ 
result ; and  Delbriick  (J.  pr.  Chem.  1847,  41, 
161)  also  obtained  a mere  trace  of  cyanide. 
None  of  these  authors  gives  details  of  their 
methods.  Bunsen  and  Playfair  (Brit.  Ass. 
Hep.  1845,  142),  on  the  other  hand,  by  heating 
a mixture  of  pure  potassium  carbonate  and 
sugar  charcoal  in  a gun  barrel  in  a current  of 
nitrogen  at  a temperature  high  enough  to  form 
potassium  (about  1200°),  obtained  6*982  grams 
of  silver  cyanide  from  an  unmentioned  quantity 
of  potash.  It  may  be  surmised  that  the  different 
results  noted  were  due  to  differences  of 
temperature. 

In  addition  to  these  laboratory  experiments, 
a most  remarkable  attempt  was  made  to  develop 
this  process  on  a manufacturing  scale.  Possoz 
and  Boissiere  (Eng.  Pat.  9985  of  1843,  granted 
to  their  agent  A.  V.  Newton)  began  their  experi- 
ments at  Grenelle,  near  Paris,  in  1843,  but 
transferred  the  plant  in  1844  to  the  works  of 
Messrs.  Bramwell  & Co.  (one  of  the  leading 
prussiate  makers  of  that  time)  at  Newcastle- 
on-Tyne.  The  experiments  were  carried  on  by 
Mr.  Bramwell  and  Mr.  F.  R.  Hughes  until 
1847,  and  a detailed  account  of  them,  furnished 
by  Mr.  Hughes,  was  published  by  Graham 
(Report  of  Juries,  Exhib.  of  1851,  1,  95). 

Wood  charcoal  was  soaked  in  a solution  of 
ordinary  potash  and  dried,  yielding  a mixture 
containing  about  20  p.c.  This  was,  at 

first,  heated  in  vertical  fire-clav  retorts  of  small 
diameter,  which  were  fired  externally.  Owing 
to  the  low  thermal  conductivity  of  the  retorts 
and  of  the  charcoal,  the  heat  penetrated  the 
mass  very  slowly,  and  the  output  of  a tube  was 
small.  It  may  be  pointed  out  that  this  very 
serious  difficulty  is  accentuated  by  the  endo- 
thermic nature  of  the  reaction,  which  was 
unknown  at  that  time  ; it  is  not  only  necessary 
to  heat  the  charge  to  the  reaction  temperature, 
but  the  large  quantity  of  heat  absorbed  by  the 
reaction 

K2C03-f4C+N2=2KCN+3C0-129  Cals, 
must  also  be  supplied. 

After  a number  of  alterations,  retorts  were 
adopted,  which  were  built  of  ordinary  fire- 
brick ; they  were  2 feet  in  internal  diameter, 
and  were  heated  for  a length  of  6 to  8 feet  to  a 
temperature  sufficient  to  produce  cyanide.  In 
an  upper  prolongation,  the  wet  charcoal  was 
dried  and  preheated,  and  in  a lower,  unheated 
extension,  made  of  cast  iron,  the  product  was 
cooled  down,  and  then  discharged,  by  means 
of  an  arrangement  which  permitted  a periodical 
withdrawal  of  a part  of  the  charge,  into  a solution 
of  a ferrous  salt,  into  which  the  lower  end  of  the 
cast-iron  tube  dipped.  A ring  of  small  slots 
was  left  in  the  brick  retort  at  every  third  or 
fourth  course  of  bricks,  through  which  the  hot 
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mixture  of  nitrogen  and  carbon  dioxide  in  the 
furnace  was  drawn  into  the  retort  by  means  of 
an  aspirator  attached  to  the  upper  end.  In  this 
way  the  difficulty*  of  heating  the  charge  to  its 
centre  was  overcome.  The  highest  temperature 
in  the  furnace  was  sufficient  to  soften  a Stour- 
bridge fireclay  brick  throughout  its  substance 
(1350°-1400°  ?).  The  hot  gases  were  aspirated 
upwards,  drying  and  preheating  the  fresh 
charge  in  the  upper  part  of  the  retort.  As  much 
as  one-half  of  the  alkali  in  the  cyanised  charcoal 
produced  was  found  to  be  in  the  form  of  cyanide, 
and  7 or  8 retorts  of  the  dimensions  given  yielded 
36-40  cwts.  of  prussiate  of  potash  per  week, 
under  favourable  circumstances.  About  one- 
half  of  the  charcoal  used  was  consumed,  and 
3 parts  of  potash  were  used  for  1 part  of  prussiate 
made.  About  one-third  of  the  potash  was 
accounted  for  by  the  prussiate ; one-third 
remained  in  the  refuse  charcoal,  which  could 
not  be  profitably  lixiviated  ; and  the  remainder 
combined  with  the  bricks  of  the  retort,  or  was 
volatilised  up  the  chimney.  The  financial 
failure  of  the  process  was  due  to  the  losses  of 
potash  and  to  the  short  life  of  the  retorts. 

R.  Hoffmann  (Report  of  Juries,  Exhib.  of 
1862,  59)  also  tried  large-scale  experiments  at 
Oedenwald  in  the  Black  Forest,  in  1858-1859, 
which  may  be  referred  to  as  a further  illustration 
of  the  difficulties  mentioned  above.  The 
alkalised  coke  was  heated  in  wrought-iron  tubes, 
not  more  than  1 foot  in  diameter,  protected  with 
fireclay.  The  furnace  was  heated  to  a bright, 
white  heat,  which  fused  the  common  brick  work 
behind  the  firebrick  lining,  but  only  minute 
quantities  of  cyanide  were  formed ; the  failure 
is  ascribed  to  too  low  temperature,  for  it  was 
found  that  the  middle  portion  of  the  coke  in  a 
tube  was  far  from  being  white  hot. 

In  1878,  C.  A.  Fawsitt  (Eng.  Pat.  4544  of 
1878)  described  a method  of  making  ammonia 
by  this  process.  In  his  experiments,  which  were 
made  at  St.  Rollox,  Glasgow,  he  used  sodium 
carbonate  instead  of  potash  (J.  Soc.  Chem.  Ind. 
1890,  9,  30).  Using  3-inch  or  4-inch  wrought- 
iron  tubes,  he  obtained  as  much  as  50  p.c.  of  the 
theoretical  yield  of  ammonia,  but  with  6 -inch 
cast-iron  tubes  the  yield  was  much  smaller, 
because  the  cast  iron  would  not  withstand  the 
temperature  needed.  These  experiments,  there- 
fore, indicate  that  a temperature  exceeding 
1100°  (the  approximate  melting-point  of  cast 
iron)  is  required ; although,  in  this  case,  the 
differences  may  have  been  due,  in  part,  to  the 
facts  that  a tube  of  larger  diameter  would  give 
worse  results  even  with  the  same  external 
temperature,  and  that  the  nitrogen  used  with 
the  6 -inch  tubes  contained  from  3 to  5 p.c.  of 
oxygen. 

The  patents  of  Victor  Alder  of  Vienna  are 
of  interest,  because  they  contain  a clear  recogni- 
tion of  the  catalytic  role  of  iron,  and  of  the 
necessity  of  obtaining  intimate  admixture  of 
the  reacting  constituents,  together  with  sufficient 
porosity  to  admit  of  free  access  of  nitrogen. 
Alder  proposed  to  heat  an  intimate  mixture  of 
alkaline  material  and  carbon  in  a closed  vessel, 
in  an  atmosphere  of  nitrogen,  and  said  : ‘ The 
addition  of  finely  divided  iron  greatly  promotes 
the  conversion  into  cyanide,  but  is  not  absolutely 
essential  to  the  success  of  the  operation  ’ (Eng. 
Pat.  1004  of  1880).  In  Eng.  Pat.  5617  of 


1881  he  states  that  the  reaction  only  succeeds 
in  presence  of  carbonising  gases,  such  as  hydro- 
carbons or  carbon  monoxide,  and  that  metals 
‘ capable  of  fixing  and  transmitting  the  carbon, 
such  as  iron,  chromium,  manganese,  nickel,  or 
cobalt,  greatly  promote  the  conversion.’  The 
charge  is  prepared,  for  example,  by  mixing  a 
solution  of  the  alkali  with  charcoal  and  adding 
sawdust  or  other  substance,  which,  when  heated, 
will  yield  a porous  mass  ; or  a thin  paste  of  the 
alkaline  solution  and  finely  ground  charcoal  con- 
taining some  binding  material  is  spread  out  on 
the  surface  of  lumps  of  charcoal.  The  ‘ car- 
bonising metal  ’ is  to  be  added  as  such,  as  oxide 
or  in  the  form  of  a solution  of  a salt  which, 
when  heated  in  a current  of  steam,  will  decom- 
pose, leaving  a deposit  of  the  oxide,  which,  in  the 
eyanising  process,  will  be  reduced  to  metal. 
Alder  appears,  however,  to  have. been  under  the 
impression  that  the  success  of  a technical  process 
depends  on  the  employment  of  the  cheapest  raw 
materials,  however  unsuitable  they  may  be, 
and  a great  part  of  the  specifications  consists  of 
descriptions  of  the  preparation  of  alkali- carbon 
mixtures  from  such  substances  as  alkali  sul- 
phates, limestone,  and  coal,  as  in  the  Le  Blanc 
alkali  process  ; the  failure  of  the  process  is  not, 
therefore,  surprising. 

The  catalytic  action  of  iron  was  re- discovered 
by  E.  Tauber  in  1899  (Ber.  1899,  32,  3150  ; and 
more  fully  in  Die  Chem.  Ind.  1903,  26,  26). 
Trials  of  different  kinds  of  carbon  and  different 
alkalis  showed  that  potash  or  soda  and  wood 
charcoal  are  the  most  active  materials.  An 
intimate  mixture  of  alkali  and  charcoal  was 
made  by  soaking  sawdust  in  the  alkaline  solution 
and  carbonising  the  mixture  ; iron  (reduced  by 
hydrogen)  in  fine  powder  was  added  to  this, 
3 parts  of  iron  to  1 part  of  soda  giving  the  best 
results.  The  mixtures  were  heated,  in  iron 
boats  enclosed  in  glass  tubes,  for  IJ  hours  at 
temperatures  between  ‘ dark  and  moderate  ’ 
red  heats,  a current  of  purified  nitrogen  being 
passed.  In  some  cases  more  than  25  p.e.  of 
the  soda  used  was  cyanised,  but  usually  a 
conversion  of  10  p.c.  was  not  exceeded.  Mag- 
nesium, tungsten,  chromium,  and  nickel  were 
found  to  possess  some  catalytic  activity,  though 
much  less  than  iron. 

Between  1843  and  1912  some  30  patents 
were  granted  in  Great  Britain  for  modifieations 
of  the  process  described  by  Possoz  and  Boissiere, 
in  which  the  blast  furnace  type  of  apparatus 
recurs  frequently ; no  details  of  the  results 
obtained,  or  of  the  causes  of  failure,  appear  to 
have  been  published.  Sinee  1912  the  numerous 
patents  of  J.  E.  Bucher  (especially  Eng.  Pats. 
27713  of  1912;  23292  and  13332  of  1914; 
2286  of  1915),  which  are  being  developed  by 
the  Nitrogen  Products  Co.  of  Providence, 
Rhode  Island,  at  their  works  at  Saltville  and 
Niagara  Falls,  have  directed  renewed  attention 
to  the  catalytic  action  of  iron.  Prof.  Bucher’s 
results  (J.  Ind.  Eng.  Chem.  1917,  9,  233)  surpass 
any  which  have  previously  appeared  in  print ; 
this  appears  to  be  due  partly  to  the  fact  that 
he  has  clearly  realised  that  the  necessary  con- 
ditions, already  known  separately,  must  be 
fulfilled  simultaneously,  and  partly  to  the 
ingenuity  and  care  devoted  to  the  detailed 
adaptation  of  means  to  this  end. 

Carbon  and  iron  oxide  are  separately  ground 
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in  a ball  mill  to  pass  100-mesli  sieve,  and  then 
re-ground  together,  after  which  dry  sodium 
carbonate  is  added.  The  open-grained  structure 
which  is  necessary  to  allow  nitrogen  to  pass 
through  the  material  is  obtained  by  briquetting. 
This  is  done  by  kneading  the  powder,  at  about 
100°,  with  a little  more  water  than  is  required 
to  form  the  monohydrate  NagCOajHaO,  and 
squirting  the  paste  into  small  rods  about  1 inch 
long  and  | inch  diameter.  These  are  dried  at 
once,  before  cooling,  because  the  expansion  due 
to  the  formation  of  the  decahydrate  at  tempera- 
tures below  35°  causes  them  to  fall  to  powder. 
When  heated  above  the  melting-point  of  sodium 
carbonate  (852°)  these  little  briquettes  become 
plastic  to  some  extent,  but  retain  their  shape 
sufficiently  well  to  permit  free  circulation  of 
gases  through  a column  several  feet  thick. 
Mixtures  of  coke,  iron,  and  sodium  carbonate  in 
proportions  from  2:2:1  to  2:2:2  give  satis- 
factory results,  the  smaller  proportion  of  sodium 
carbonate  giving  the  fastest  reaction  owing  to 
the  greater  accessibility  of  the  active  carbon- 
iron  surfaces  to  nitrogen.  The  reaction  is  said 
to  begin  about  700°,  and  the  eutectic  tempera- 
ture of  iron-carbon  (about  1150°)  should  not  be 
exceeded  because  fusion  of  the  particles  of  iron 
into  larger  globules  diminishes  their  active 
surface.  The  speed  of  the  reaction,  under 
suitable  conditions,  is  considerable ; for  ex- 
ample, the  2:2:1  mixture  heated,  in  13  minutes, 
from  710  to  920  in  a current  of  nitrogen,  yielded 
a product  containing  15 ‘2  p.c.  NaCN,  92  p.c. 
of  the  sodium  being  in  the  form  of  cyanide. 
Sodium  cyanide  volatilises  somewhat  freely  at 
900°-950°,  so  that  in  a stationary  column -of 
material  in  a vertical  tube,  the  upper  layers  are 
much  richer  than  the  lower  ones,  and  a consider- 
able loss  of  alkali  is  observed ; it  is  anticipated 
that  this  will  not  occur  in  a continuous  process, 
since  the  incoming  fresh  charge  will  condense 
the  cyanide  vapour. 

In  order  to  supply  the  necessary  quantity  of 
heat  (Na2C03+4C+N2=2NaCN+3C0— 138-5 
Cals.)  at  a sufficient  rate,  Bucher  proposes,  for 
example,  to  use  the  hot  charge  itself  as  an 
electrical  resistance  (c/.  Readman’s  apparatus, 
below),  or  to  use  electrically  heated  molten  iron 
saturated  with  carbon  and  to  pass  a mixture  of 
nitrogen  and  sodium  vapour  through  it. 

Producer  gas  may  be  used  at  high  tempera- 
tures, but  the  cyanide  disappears  if  the  product 
is  allowed  to  cool  in  an  atmosphere  containing 
carbon  monoxide.  This  may  be  due  to  the 
formation  of  carbon  dioxide,  as  Bucher  suggests, 
by  the  reaction  200=002+0,  which  is  accele- 
rated by  iron ; it  is  also  possible  that  the  reaction 
Na2C03+4C+N2=2NaCN+3C0  is  reversible, 
as  has  been  proved  in  the  analogous  case  of 
barium  carbonate. 

Since  this  was  written  the  reversibility  of 
the  reaction  has  been  proved  by  J.  B.  Ferguson 
and  P.  D.  V.  Manning  (J.  Ind.  Eng.  Ohem. 
1919,  11,  946).  Mixtures  of  sodium  cyanide  or 
of  sodium  carbonate  (3  parts),  charcoal  (1  part), 
and  iron  (1  part)  were  heated  in  presence  of 
definite  mixtures  of  carbon  monoxide  and 
nitrogen.  The  composition  of  the  product  was 
not  affected  by  the  nature  of  the  initial  materials, 
but  varied  with  the  temperature  and  the  com- 
position of  the  gas.  With  5 p.c.  CO,  for  ex- 
ample, 75  p.c.  of  the  alkali  was  cyanised  at 


946°  and  80  p.c.  at  1000°;  with  48  p.c.  CO, 
27-5  p.c.  and  59  p.c.  were  cyanised  at  the  same 
temperatures.  Owing  to  volatilisation  of  cyan- 
ide it  is  probable  that  true  equilibrium  was  not 
realised  ; the  error  will  be  greatest  for  products 
rich  in  cyanide. 

C.  O.  Brown  (J.  Ind.  Eng.  Chem.  1919,  11, 
1010)  has  described  the  plant  which  was  erected 
by’-  the  Government  of  the  United  States  in 
1917-18  to  produce  10  tons  of  sodium  cyanide 
daily  by  the  Bucher  process.  Briquettes,  made 
in  the  way  described  above,  were  heated  at 
1000°  in  vertical,  gas-fired,  steel,  or  nichrome 
tubes  in  a current  of  very  pure  nitrogen.  The 
product,  containing  about  20  p.c.  NaCN,  was 
extracted  with  liquid,  anhydrous  ammonia ; 
by  this  means  the  formation  of  ferrocyanide  is 
avoided,  and  any  unchanged  alkali  is  left 
undissolved  in  the  residues  which  are  reground 
with  sufficient  carbon  and  soda  and  reused. 
Evaporation  of  the  ammonia  solutions  leaves 
sodium  cyanide,  containing  92  p.c.  NaCN,  as  a 
white  powder.  The  loss  of  ammonia  was  about 
2 lbs.  per  100  lbs.  cyanide  made.  Each  steel 
tube  produced  about  7|-  lbs.  of  sodium  cyanide 
hourly,  and  had  a life  of  11-14  days.  The 
work  was  abandoned  after  the  armistice  in  1918. 

It  may  be  mentioned  here  that  the  Cassel 
Cyanide  Co.,  of  Glasgow,  has  used  iron  as 
a catalyst  in  the  manufacture  of  cyanides  from 
atmospheric  nitrogen  since  the  year  1909, 
when  the  writer  first  became  fully  aware  of  its 
great  activity  under  suitable  circumstances. 
The  work  in  which  sodium  carbonate  was 
employed  as  raw  material  was  carried  out 
entirely  by  Mr.  J.  H.  Young.  Setting  out  from 
finely  divided,  precipitated  ferric  oxide  and 
charcoal  (the  purest  and  most  active  form  of 
carbon  available),  the  mixtures  were  made  by 
grinding  these  substances  separately  and  then 
together,  finally  adding  the  dry  sodium  carbonate 
and  re-grinding.  The  necessary  porosity  of  the 
material  to  be  treated  with  nitrogen  was  secured 
by  adding  a quantity  of  the  very  bulky  charcoal 
obtained  by  carbonising  shavings  ; the  addition 
of  15  parts  of  this  material  to  a ground  mixture 
of  20  parts  of  sodium  carbonate,  8 parts  ferric 
oxide,  and  15  parts  charcoal,  gave  good  results, 
60-80  p.c.  of  the  alkali  being  cyanised  at  900°. 
The  residual  charcoal-iron  mixture  resulting 
from  the  lixiviation  of  the  cyanised  mass  gave 
even  better  results  than  a fresh  mixture.  A 
larger  scale,  continuous  plant  was  at  work  in 
1913,  in  which  the  mixtures  were  heated  in 
vertical  steel  tubes,  of  6 inches  bore  and  about 
10  feet  long,  of  which  a length  of  about  5 feet 
was  heated  to  the  working  temperature.  The 
lower  part  of  the  tube  served  for  cooling  the 
product,  which  was  withdrawn  by  means  of  a 
horizontal  spiral  conveyor,  fresh  material  being 
fed  in  at  the  top  of  the  tube.  Pure  nitrogen 
was  employed,  and  very  careful  measurements 
of  the  temperature  showed  that  under  satis- 
factory working  conditions  the  temperature  in 
the  axis  of  the  tube  was  900°,  near  the  inside 
wall  of  the  tube  it  was  950°,  whilst  a thermo- 
couple in  the  furnace  in  contact  with  the  outer 
wall  of  the  tube  indicated  1010”.  These 
measurements  indicate  quite  clearly  the  necessity 
of  using  tubes  of  small  diameter  when  external 
heating  is  relied  on.  Temperatures  higher  than 
I those  mentioned  were  found  to  be  undesirable 
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owing  to  their  serious  effect  on  the  life  of  the 
steel  tubes,  and  also  on  account  of  the  danger 
of  fusing  part  of  the  iron  catalyst,  and  so 
diminishing  its  active  surface.  Each  tube  of 
the  dimensions  mentioned  produced  from  40  to 
50  lbs.  of  sodium  cyanide  in  24  hours,  the  pro- 
duct containing  from  21  to  26  p.c.  NaCN. 

The  results  described,  together  with  the  older 
experience  of  the  reaction  between  alkalis  and 
nitrogenous  organic  matter,  make  it  easy  to 
understand  the  occurrence  of  cyanides  in  kelp, 
barilla,  Le  Blanc  alkah,  and  the  residues  from 
the  preparation  of  potassium  (which  were  known 
to  Lewis  Thompson  in  1839),  and  especially  in 
the  blast  furnace.  Clark  (Phil.  Mag.  1837,  10, 
729)  described  the  occurrence  of  cyanide  at  the 
Clyde  Iron  Works,  in  a furnace  using  raw  coal 
and  hot  blast,  in  quantities  such  that  wheel- 
barrows full  could  be  obtained.  Zincken  and 
Bromeis  (J.  pr.  Chem.  1842,  25,  246)  found  a 
quantity  of  potassium  cyanide  in  the  charcoal 
remaining  in  the  hearth  of  a furnace  in  the 
Harz  which  had  been  closed  down.  This 
furnace  had  been  worked  with  charcoal  and  a 
hot  blast.  Bedtenbacher  (Annalen,  1843,  47, 
150)  described  the  formation  of  potassium 
cyanide  in  quantity  (it  was  used  for  electro- 
plating) in  a charcoal  iron  furnace  at  Mariazell 
in  Steiermark,  which  was  also  worked  with 
blast  heated  as  high  as  350°.  Bunsen  and 
Playfair  (Brit.  Ass.  Rep.  1845,  142)  observed 
the  production  of  more  than  2 cwts.  per  day  of 
potassium  cyanide  in  the  coal-fired  furnace  at 
Alfreton,  which  worked  with  blast  at  330° ; 
they  also  showed  that  the  potassium  was 
derived  mainly  from  the  iron  ore  used,  the  furnace 
charge  containing  sufficient  potassium  to  pro- 
duce 377  lbs.  of  KCN  per  day.  The  cyanide 
was  found  in  the  hottest  part  of  the  furnace, 
2 feet  9 inches  above  the  tuyeres,  but  some 
7 feet  higher  there  was  very  little.  Sir  Lowthian 
Bell  (J.  Soc,  Chem.  Ind.  1890,  9,  710)  gives  the 
following  figures  for  the  distribution  of  cyanogen 
in  a more  modern  furnace  at  the  Clarence 
Works,  which  was  worked  with  coke  and  Cleve- 
land iron  ore  and  blast  at  about  700°  : — 

Height  escape 

above  hearth  . 8 ft.  24  ft.  52^  ft.  60  ft.  pipe 

Grams  CN 

percb.  m.  gas  49-06  15-76  7-67  5-94  4-73 

It  is  generally  assumed,  probably  correctly, 
that  the  blast  furnace  cyanide  is  produced  from 
free  nitrogen,  but  it  is  interesting  to  note  that 
Sir  L.  Bell’s  furnace  consumed  50  tons  of  coke 
per  day,  which  probably  contained  at  least 
^ ton  of  combined  nitrogen. 

The  mechanism  of  the  reaction  which  occurs 
between  carbon,  alkali  carbonates,  and  nitrogen, 
and  the  role  of  iron,  are  still  quite  obscure.  The 
old  view,  that  carbon  and  nitrogen  (‘  nascent  ’ 
or  otherwise)  unite  to  form  cyanogen  which  is 
then  fixed  by  alkalis,  is  extremely  improbable 
in  view  of  the  nature  of  the  equilibrium 

2C+N2  ^ CjNj 

(v.  Cyanogen),  and  of  the  fact  that  no  one  has 
succeeded  in  isolating  a trace  of  cyanogen  gas 
made  by  the  direct  union  of  the  elements.  The 
possibility  that  a carbide  may  be  an  intermediate 
product  is  discussed  later.  It  is,  at  least,  an 
ascertained  fact  that  some  metallic  acetylides  do 
combine  with  nitrogen,  although  the  behaviour  of 


the  alkali  metal  derivatives  has  hardly  been  in- 
vestigated. The  intermediate  formation  of  free 
alkali  metal  has  also  been  asserted  to  be  neces- 
sary, but  as  the  alkali  metals  (except  lithium) 
do  not  combine  directly  with  nitrogen,  whereas 
they  do  combine  with  carbon,  this  seems  to  be 
identical  with  the  assumption  of  the  intermediacy 
of  a carbide.  No  valid  experimental  evidence 
appears  to  have  been  advanced  in  support  of 
the  existence  of  any  intermediate  compound. 

lb.  Action  of  Nitrogen  on  Alkali  Metals  ard 

V Carbon. 

This  reaction  appears  to  have  been  observed 
for  the  first  time  by  R.  E.  Marchand  (J.  pr. 
Chem.  1850,  49,  351).  A statement  that  cast 
iron  and  steel  contain  from  0*5  to  1-2  p.c.  of 
nitrogen  induced  him  to  test  some  30  samples 
of  cast  iron  by  Lassaigne’s  method,  that  is,  by 
heating  the  sample  to  redness,  in  a test  tube, 
with  potassium,  extracting  the  product  with 
water,  and  applying  the  Prussian  blue  test  to 
the  solution.  A copious  precipitate  was  obtained 
in  every  case.  He  found,  however,  that,  when 
the  residue  of  iron  was  dried  and  again  heated 
with  potassium,  there  was  a further  production 
of  Prussian  blue,  and  that  this  continued  so 
long  that,  with  8 grams  of  powdered  iron,  it 
was  impossible  to  exhaust  the  reaction.  This 
led  Marchand  to  suspect  that  the  nitrogen  was 
derived  from  the  air,  and  he  proved  that  this 
was  the  case  by  carrying  out  the  reaction  in  an 
atmosphere  of  hydrogen  or  of  carbon  dioxide, 
when  no  more  than  a doubtful  trace  of  blue  was 
obtained,  and,  further,  by  heating  the  mixture 
of  cast  iron  and  potassium  (after  drying  it  in  a 
current  of  hydrogen)  in  an  atmosphere  of  nitrogen 
in  a closed  tube,  when  he  found  that  the  nitrogen 
was  completely  absorbed.  He  also  showed 
that  steel  behaves  like  cast  iron,  but  soft  iron 
does  not.  Marchand  did  not  obtain  the  reaction 
with  a mixture  of  carbon  and  iron  obtained  by 
heating  ferric  succinate  or  benzoate,  and 
therefore  concluded  that  success  depends  on 
the  carbon  being  in  chemical  combination  with 
the  iron. 

The  success  of  Lassaigne’s  test,  when  applied 
to  organic  substances  containing  sulphur,  had 
been  questioned  by  O.  Jacobsen,  who  recom- 
mended the  addition  of  reduced  iron  in  such 
cases.  Making  the  test  in  this  wajq  I.  Remsen 
(Amer.  Chem.  J.  1881,  3,  134)  obtained  Prussian 
blue  from  substances,  such  as  pure  cane  sugar 
and  sodium  potassium  tartrate,  which  contain 
no  nitrogen.  After  proving  that  the  reduced 
iron  employed  was  not  the  source  of  the  nitrogen, 
Remsen  heated  a mixture  of  the  tartrate,  pure 
reduced  iron  and  sodium,  first  in  hydrogen  to 
dry  it,  and  then  in  nitrogen,  obtaining  a very 
large  precipitate  of  Prussian  blue.  He  also 
made  the  new  observation  that  the  iron  powder 
loses  its  activity  when  it  is  superficially  oxidised 
by  exposure  to  air,  which  may  perhaps  explain 
Marchand’s  failure  to  obtain  the  reaction  with 
his  mixtures  of  iron  and  carbon. 

The  reaction  was  re-discovered  by  E.  Tauber 
(Ber.  1899,  32,  3150),  whose  experience  coincided 
almost  exactly  with  that  of  Remsen. 

H.  Y.  Castner,  in  1894,  patented  a 
process  in  which  sodium  was  allowed  to  flow 
downwards  over  a column  of  red-hot  charcoal  in 
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an  iron  vessel,  a current  of  nitrogen  passing 
upwards  through  it  (Eng.  Pat.  12218  of  1894). 
It  is  doubtful  whether  this  process  received  more 
than  a cursory  trial.  It  was  taken  up  again  by 
the  Poessler  and  Hasslacher  company  about 
1910.  They  find  that  a mixture  of  sodium 
vapour  and  nitrogen  reacts  with  charcoal  in  the 
absence  of  iron  at  650°,  and  that  the  speed  of 
reaction  is  sufficient  for  manufacturing  purposes 
at  temperatures  above  about  800°.  (H.  Philipp, 
Chem.  and  Met.  Eng.  1920,  22,  313  ; U.S. 
Pats.  1249821,  1917 ; 1235887,  1917). 

In  1912,  J.  E.  Bucher  applied  for  a patent 
for  the  manufacture  of  cyanide  by  the  direct 
union  of  its  elements  in  presence  of  iron  (Eng. 
Pat.  11797  of  1913;  U.S.  Pats.  1082845  of 
1913  ; and  1116559  of  1914).  A temperature 
of  from  500°  to  800°  is  said  to  be  suitable,  and 
iron  and  carbon  are  to  be  intimately  mixed. 
Like  Marchand,  Bucher  also  observed  the 
removal  of  carbon  from  cast  iron  or  steel  by  the 
action  of  sodium  and  nitrogen  on  them.  He  also 
follows  Marchand  in  adopting  the  view  that  iron 
acts  as  a solvent  of  carbon,  the  dissolved  carbon 
being  supposed  to  be  capable  of  entering  into 
combination  with  sodium  and  nitrogen.  When 
sodium  carbonate  is  used,  it  is  assumed  that 
a little  metallic  sodium  is  formed  by  the  action 
of  carbon,  even  at  the  low  temperature  (700°) 
at  which  the  reaction  proceeds,  the  removal  of 
this,  by  conversion  into  cyanide,  disturbs  the 
equilibrium  and  permits  the  decomposition  of 
further  quantities  of  sodium  carbonate.  This 
hypothesis  appears  to  be  open  to  the  criticism 
that  it  makes  the  extremely  rapid  rate  of  forma- 
tion of  cyanide  depend  on  the  rate  of  solution 
of  solid  carbon  in  solid  iron ; it  also  fails  to 
make  clear  why  the  usually  inert  nitrogen 
becomes  so  active. 

The  Cassel  Cyanide  Co.’s  experiments 
with  this  process  were  begun,  as  already  stated, 
in  1909;  in  1911  engineering  difficulties  had 
been  so  far  surmounted  that  a unit  plant  pro- 
ducing about  50  lbs.  of  cyanide  hourly  was  at 
work.  From  the  experience  thus  gained  a larger 
industrial  unit  was  designed  and  erected,  which 
was  producing  cyanide  for  some  time  before  war 
was  declared  in  1914. 

Ic.  Action  of  Nitrogen  on  Barium  Carbonate 
and  Carbon. 

In  1860  Margueritte  and  De  Sourdeval  (Eng. 
Pat.  1171,  of  1860  ; Compt.  rend.  1860,  50,  1100) 
discovered  that  a mixture  of  barium  oxide  and 
carbon  absorbs  nitrogen  readily  forming  barium 
cyanide.  Ludwig  Mond  (Eng.  Pat.  433  of 
1882  ; J.  Soc.  Chem.  Ind.  1889,  8,  505)  experi- 
mented with  this  process  in  188^  He  found 
that  a temperature  of  1200°  was  required  for 
the  formation  of  cyanide,  and  that  the  reaction 
goes  best  about  1400°.  The  barium  compounds 
fuse  readily  at  these  temperatures  and  attack 
the  fireclay  retorts.  To  avoid  this  he  briquetted 
them  with  an  excess  of  carbon  and  pitch.  The 
apparatus  used  was  similar  to  that  of  Possoz 
and  Boissiere,  and  40  p.c.  of  the  barium  used 
was  readily  cyanised.  The  object  of  Mond’s 
experiments  was  the  production  of  ammonia, 
and  he  abandoned  this  process  in  favour  of  the 
more  promising  method  of  acting  on  coal  with 
air  and  steam  in  large  excess  {see  Ammonia). 


As  Mond  pointed  out,  the  reaction  is  endo- 
thermic 

BaCO3+C=BaO-|-2CO-101-2  Cals. 
BaO+3C+N2=Ba(CN)2+CO-43T  Cals. 

The  introduction  of  internal  electrical  heating 
by  Headman  (Eng.  Pat.  6621  of  1894)  therefore 
marks  a very  considerable  step  in  advance. 
His  process  was  worked  by  the  Scottish  Cyanides 
Co.  at  Leven  in  Fifeshire,  between  the  years 
1899  and  1907.  Considerable  quantities  of 
sodium  cyanide  of  excellent  quality  were  pro- 
duced, but  the  financial  results  were  unfavour- 
able. The  following  account  of  the  process  in  its 
final  form  is  believed  to  be  substantially  accurate. 

Barium  carbonate,  produced  in  a later  stage 
of  the  process,  was  intimately  mixed  with  ground 
coal  to  a thick  paste,  which  was  dried  and  coked 
in  ordinary  gas  retorts.  The  granular  mixture 
of  barium  oxide  and  coke  so  produced  was  then 
fed  into  an  electric  furnace,  consisting  of  a 
vertical  shaft  of  circular  cross-section,  lined  with 
magnesia  bricks.  A ring  of  carbon  blocks  in 
the  wall  of  the  shaft  near  its  lower  end  formed 
one  electrode,  a carbon  cylinder  suspended 
in  the  mouth  of  the  shaft  formed  the  other. 
The  alternating  current  passed  between  these 
electrodes  through  the  granular  mass  of  coke 
and  barium  oxide,  heating  it  to  a high  tempera, 
ture.  A current  of  producer  gas  with  about 
70  p.c.  of  nitrogen,  passed  upwards  through  the 
mass,  which  was  constantly  fed  downwards  o 
into  a cooling  chamber  by  means  of  a plate  and 
rotating  arm  which  closed  the  lower  end  of  the 
shaft,  fresh  material  being  fed  in  to  the  annular 
space  round  the  upper  electrode.  The  cooled 
product  was  lixiviated  with  water,  and  the 
resulting  solution,  containing  barium  cyanide, 
cyanamide,  and  hydroxide,  treated  with  sodium 
bicarbonate.  After  filtering  off  the  barium 
carbonate,  the  solution  of  sodium  cyanide  was 
concentrated  in  vacu6  and  then  passed  over 
cooling  coils  depositing  crystals  of  the  hydrate 
NaCN,2H20.  These  were  separated  from  the 
mother  liquor  in  a centrifugal  machine,  and  then 
dehydrated  by  heat  and  the  powder  briquetted. 
The  mother  liquor,  from  which  no  further  crystals 
could  be  obtained,  was  distilled  with  sulphuric 
acid  to  recover  the  residue  of  hydrocyanic  acid. 

The  chemistry  of  this  process  has  been 
studied  in  some  detail  at  temperatures  up  to 
1150°,  but  little  is  known  of  it  at  higher  tem- 
peratures. Undecomposed  barium  carbonate, 
as  Finkelstein  (Ber.  1906,  39,  1585)  showed, 
does  not  melt  at  1350°,  but  when  heated  alone 
or  with  carbon,  it  is  partially  converted  into 
barium  oxide,  which  yields  readily  fusible 
mixtures  with  the  carbonate.  *Le  Chatelier,  for 
example,  found  that  partly  decomposed  barium 
carbonate  melts  at  795°.  The  fusibility  of  the 
mixtures  is  increased  by  the  formation  of 
barium  cyanide  (which  melts  about  600°),  so 
that  the  material  under  treatment  in  this  process 
is  a liquid  phase  of  variable  composition. 

Kiihling  and  Berkhold  (Ber.  1908,  41,  28) 
found  that  when  a mixture  of  barium  carbonate 
and  carbon  is  heated  in  a current  of  nitrogen 
under  constant  conditions,  a little  more  than 
40  p.c.  of  the  barium  combines  with  nitrogen 
at  1150°,  and  that  at  lower  temperatures  the 
quantity  combined  diminishes,  reaching  zero 
at  about  925°. 
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Ewan  and  Napier  (J.  Soc.  Chem.  Ind.  1913, 
32,  467)  also  found  that  the  absorption  of 
nitrogen  begins  at  925°.  They  showed,  how- 
ever, that  it  depends  on  the  two  reversible 
reactions  BaCOg+C  ^ BaO+2CO  and 

BaO-f3C+N2  $ Ba(CN)2+CO 

If  carbon  monoxide  is  allowed  to  accumulate, 
therefore,  the  change  is  brought  to  a standstill, 
if  it  is  swept  out  with  large  quantities  of  pure 
nitrogen  a considerable  portion  of  the  barium 
may  be  cyanised  even  at  comparatively  low 
temperatures.  Using  29  molecules  of  nitrogen 
to  each  molecule  of  BaO,  for  example,  over 
40  p.c.  of  the  barium  combined  with  nitrogen  in 
2 hours  at  960°. 

The  pressure  of  carbon  monoxide  in  equili- 
brium with  pure  barium  carbonate  and  carbon 
is  relatively  large,  it  falls,  however,  to  very  low 
values  for  the  dilute  solutions  of  the  carbonate 
in  barium  oxide  or  cyanide.  For  this  reason 
the  greater  part  of  the  barium  carbonate  decom- 
poses before  any  cyanide  is  formed,  but  the 
decomposition  is  never  complete. 

When  a mixture  of  BaCOg-j-BaOH-C  or  of 
Ba(CN)2  + BaCN2+C  is  heated  in  a mixture  of 
carbon  monoxide  and  nitrogen  of  definite 
composition  until  no  further  change  occurs,  the 
percentage  of  the  barium  in  the  product,  which 
is  combined  with  nitrogen  (as  cyanide  or  cyana- 
mide),  is  independent  of  the  composition  of  the 
initial  mixture,  and  depends  only  on  the  tem- 
perature and  on  the  composition  of  the  gas 
used.  The  maximum  quantities  of  barium 
which  can  combine  with  nitrogen  under  different 
conditions,  observed  in  this  way,  are  given  in 
the  following  table  : — 


P.C.  of  CO 
in  the  gas 

P.c.  of  the  harium  combined  with  nitrogen 

1000° 

1100° 

1150° 

0 

50 

50 

50 

10 

28 

41 

44 

20 

5 

32 

38 

30 

— 

22 

32 

40 

— 

13 

26 

50 

4 

15 

70 

— — 

■ 

9 

The  curves  drawn  through  the  experimental 
points  appear  to  be  straight  lines  converging 
towards  50  p.c.  conversion  for  pure  nitrogen  ; 
it  is  probable,  however,  that  this  is  not  their 
true  form  at  very  small  concentrations  of 
carbon  monoxide,  because  a product  in  which 
57 ’1  p.c.  of  the  barium  had  combined  with 
nitrogen  was  obtained  by  continuing  the  heating 
for  82  hours  at  1100°  with  nitrogen  containing 
only  O'l  p.c.  of  CO.  For  practical  purposes, 
the  rapid  increase  in  the  quantity  of  carbon 
monoxide  required  to  reverse  the  reaction  at 
higher  temperatures  is  important. 

-In  addition  to  the  two  equilibria  just  men- 
tioned, the  reaction  Ba(CN)2=BaCN2  + C occurs. 
Pure  barium  cyanide  decomposes  in  this  way 
even  at  500°,  the  reaction  is  a slow  one,  which  is 
accelerated  by  iron.  The  results  appear  to 
show  that  at  temperatures  between  600°  and 
1000°,  and  in  absence  of  barium  oxide,  the  decom- 
position ceases  when  about  two-thirds  of  the 


nitrogen  is  in  the  cyanamide  form ; in  presence 
of  barium  oxide  the  change  does  not  go  so  far. 
The  relative  quantities  of  cyanide  and  cyanamide 
produced  by  the  action  of  nitrogen  on  mixtures 
of  barium  oxide  and  carbon  are  very  erratic, 
anything  from  0 to  70  p.c.  of  the  nitrogen  fixed 
may  be  in  the  cyanamide  form,  the  average  of 
36  experiments  was  15  p.c. 

The  equilibrium  pressure  of  carbon  monoxide 
in  the  reaction  BaO-l-3C  BaCa  + CO  was 
found  to  be  1 mm.  of  mercury  at  1200°.  Cyanide 
formation  therefore  proceeds  freely  in  presence 
of  quantities  of  carbon  monoxide,  which  are 
quite  incompatible  with  the  existence  of  barium 
carbide.  The  suggestion  that  barium  carbide 
is  an  intermediary  in  this  process  is,  therefore, 
incorrect. 

The  effect  of  pressure  was  studied  by  Hempel 
(Ber.  1890,  23,  3388).  The  mixture  of  barium 
oxide  and  carbon  was  heated  for  15  minutes 
by  the  same  quantity  of  electrical  energy  in  a 
closed  bomb ; the  quantity  of  hydrocyanic 
acid  obtained  increased  16  times  when  the 
nitrogen  pressure  was  increased  from  1 to  60 
atmospheres.  The  improvement  may  have  been 
due  to  greater  reaction  velocity  of  the  more 
concentrated  nitrogen  or  to  a larger  value  of 
the  ratio  of  nitrogen  to  carbon  monoxide  in  the 
bomb.  Stabler  (Ber.  1916,  49,  2292),  by  a 
somewhat  similar  method,  finds  that  with  60 
atmospheres  N pressure  a product  containing  74 
p.c.  of  barium  cyanide  and  no  appreciable 
quantity  of  cyanamide  is  obtained. 

The  addition  of  barium  chloride  or  of  potas- 
sium carbonate  to  the  mixture  of  barium  oxide 
and  carbon  neither  reduces  the  minimum  tempe- 
rature nor  increases  the  speed  of  the  reaction. 

The  effect  of  the  addition  of  calcium  and 
barium  fluorides  was  studied  by  N.  Caro 
(Zeitsch.  angew.  Chem.  1910,  3,  2405)  at  tem- 
peratures about  1100°  and  1200°.  Since  the 
quantity  of  carbon  monoxide  in  the  nitrogen 
was  not  observed  it  is  impossible  to  draw  definite 
conclusions  from  the  results  ; it  is,  however,  of 
interest  that  in  the  15  experiments  recorded  the 
quantity  of  the  barium  which  combined  with 
nitrogen  never  exceeded  one-half  of  that 
present. 

Very  little  information  exists  about  the 
course  of  the  reaction  at  higher  temperatures. 
From  Eng.  Pats.  2133  of  1907,  and  22039  of 
1906  (Badische  Co.),  it  may  be  gathered  that 
80  p.c.  of  the  barium  can  be  combined  with 
nitrogen  at  1500° ; and,  according  to  Kaiser 
(Fr.  Pats.  454237-8  of  1913),  90-95  p.c.  of 
the  theoretical  quantity  of  nitrogen  is  absorbed, 
when  barium  carbonate  and  carbon  are  heated 
at  ‘ 900°  to  1400°  ’ in  nitrogen  and  cooled  in  it 
under  pressure.  It  appears,  therefore,  that  the 
inactivity  of  one-half  of  the  barium,  which  has 
been  shown  to  exist  at  temperatures  below 
1200°,  may  disappear  at  considerably  higher 
temperatures ; possibly  because  a different 
mechanism  comes  into  play.  Ewan  and  Napier 
(Z.C.),  by  applying  Nernst’s  thermodynamic 
theorem  to  their  measurement  of  the  equilibrium 
pressure  {^qq  in  mm.  of  mercury)  of  the  reaction 

BaO+3C  ^ BaCa+CO,  showed  that,  at  abso- 
lute temperature  T 

logio  ?>co=  - 1 -75  log,„  T+6-48 
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from  which  the  value  of  2?cq=100  mm.  at  1500® 

and  1026  mm.  at  1700^.  M.  Kahn  (Compt.  rend. 
1007,  144,  913)  found  that  barium  carbide  is 
formed  from  barium  oxide  and  carbon  heated 
in  a well-closed  crucible  at  the  melting-point  of 
platinum  (1760°)  ; the  equilibrium  pressure  at 
1760°  is,  therefore,  greater  than  1 atmosphere, 
in  approximate  agreement  with  the  calculated 
value.  It  is  therefore  possible  that  barium 
carbide  is  an  intermediate  product  at  high 
temperatures. 

2a.  Action  of  Nitrogen  on  the  Carbides  of  Metals. 

F.  R.  Hughes  (Report  of  Juries,  Exhib.  of 
1851,  1,  95)  suggested  that  the  first  stage  of 
the  reaction  between  potassium  carbonate  and 
carbon  might  lead  to  the  formation  of  potassium 
carbide,  and  that  this  might  combine  directly 
with  nitrogen.  Potassium  carbide  is  actually 
formed  in  this  way,  E.  Davy  (Brit.  Ass.  Report, 
1836,  ii.  62),  having  discovered  acetylene  by 
treating  with  water,  the  black  product  of  an 
unsuccessful  attempt  to  prepare  potassium. 
Berthelot  (Compt.  rend.  1868,  67,  1141)  was  led 
to  suggest  the  same  mechanism  by  the  analogy 
with  his  synthesis  of  hydrocyanic  acid  from 
acetylene  and  nitrogen.  He  also  showed  that 
the  products  of  the  action  of  potassium  on 
potassium  carbonate  or  on  carbon  monoxide 
contain  potassium  acetylide.  The  action  of 
nitrogen  on  the  alkali  metal  carbides  has  not 
been  investigated  in  detail.  Frank  and  Caro 
(Eng.  Pat.  15066  of  1895)  mention  that  they 
combine  at  a ‘ dark  red  heat  ’ forming  cyanides. 

The  absorption  of  nitrogen  by  the  carbides 
of  calcium,  strontium,  and  barium  has  been 
much  more  completely  studied.  Moissan  (Compt. 
rend.  1894,  118,  503,  and  684)  found  that  pure, 
dry  nitrogen  did  not  react  with  the  pure  carbides 
even  at  1200°,  although  the  product  obtained 
from  barium  carbide  yielded  a little  ammonia 
when  boiled  with  water.  In  1895  Frank  and 
Caro  (Eng.  Pat.  15066  of  1895),  and  T.  L. 
Willson  (Eng.  Pat.  21997  of  1895),  discovered 
independently  that  the  impure  carbides  absorb 
nitrogen.  According  to  Frank  and  Caro,  moist 
nitrogen  is  necessary  when  the  pure  carbides 
are  used,  but  not  with  impure  substances  ; they 
also  found  that  barium  carbide  yields  the  corre- 
sponding cyanide,  but  obtained  an  ‘ unsatis- 
factory result  ’ with  calcium  carbide  unless  it 
was  mixed  with  barium  or  sodium  carbide. 
Willson  proposed  to  treat  the  carbides  with 
nitrogen  either  during  their  formation  in  the 
electric  furnace,  or  subsequently  in  a separate 
operation.  He  also  appears  to  have  found 
difficulty  with  calcium  carbide,  and  says  that 
a cyanide  or  some  more  complicated  nitrogen 
compound  is  formed.  The  fact  that  a large 
part  of  the  combined  nitrogen  is  in  the  form  of 
a cyanamide  salt  was  discovered  by  F.  Rothe, 
working  under  Frank’s  direction,  in  1898(Zeitsch. 
angew.  Chem.  1903,  658),  and  was  published  in 
Frank  and  Caro’s  Eng.  Pat.  25476  of  1898. 

Frank  and  Caro  at  first  attempted  to  apply 
their  discovery  to  the  manufacture  of  cyanides. 

Finely  ground  barium  carbide,  made  in  the 
electric  furnace,  was  heated  at  about  700°  in 
presence  of  pure  nitrogen.  The  product  con- 
tained about  11  p.c.  of  nitrogen,  30  p.c.  of  which 
was  in  the  form  of  barium  cyanide,  the  remainder 


being  barium  cyanamide.  In  order  to  convert 
the  cyanamide  into  cyanide,  the  material  was 
heated  with  dry  sodium  carbonate  and  carbon. 
The  sodium  carbonate  may  convert  the 
barium  cyanamide  into  the  sodium  salt,  which 
then  takes  up  carbon  in  the  way  discovered  by 
Dreschel, 

BaCN., +Na2C03  =Na3CN2  d-BaCOg 
and  Na2CN.2+C=2NaCN 

By  extracting  the  product  with  water, 
converting  the  sodium  cyanide  into  ferro- 
cyanide,  and  then  fusing  it  with  sodium, 
about  86  p.c.  of  the  nitrogen  fixed  was 
obtained  in  the  form  of  marketable  sodium 
cyanide  (G.  Erlwein,  V.  Int.  Kongress  angew. 
Chem.  Berlin,  1903,  1,  646).  The  process,  how- 
ever, even  in  this  form,  did  not  pay,  and  the 
cheaper  calcium  carbide  was  therefore  tried. 
Commercial  calcium  carbide  absorbs  nitrogen  at 
about  1100°,  yielding  a product  containing  from 
20  to  23*5  p.c.  of  nitrogen,  which  is  wholly  in 
theform  ofyalcium  cyanamide  CaC2+N2=CaCN2 
-f-C.  Details  of  the  manufacture  of  calcium 
cyanamide  are  given  in  the  article  on  Niteogen, 
ATMOSPHERIC,  UTILISATION  OP.  By  heating  this 
product  with  sodium  chloride,  from  90  to  95  p.c. 
of  the  cyanamide  is  said  to  be  converted  into 
sodium  cyanide  . (G.  Erlwein,  loc.  cit.,  G. 

.Erlwein  and  Frank,  U.S.  Pat.  708333,  1902.) 

It  is  not  easy  to  obtain  such  a high  yield  in 
the  laboratory ; Kitawaki  and  Kusano,  for 
example  (J.  Chem.  Ind.  Tokyo,  1917,  20,  234), 
state  that  when  10  parts  of  calcium  cyanamide 
(18*6  p.c.  N)  are  heated  with  16  to  24  parts  of 
salt,  and  2 parts  of  charcoal  for  10  minutes  al 
900°-950°,  and  the  fused  product  cooled  in 
absence  of  oxygen,  it  contains  more  than  70  p.c. 
of  the  theoretical  quantity  of  cyanide. 

Large-scale  experiments  were  carried  on  in 
Germany  with  but  little  success  ; a description 
of  these,  up  to  1914,  has  been  published  by 
W.  S.  Landis  (Chem.  Met.  Eng.  1920,  22,  265). 
In  the  latest  modification,  from  2 to  3 parts  of 
salt  were  fused  separately,  and  1 part  of  calcium 
cyanamide  added  gradually  in  order  to  control 
frothing.  The  highest  temperature  used  was 
960°,  and  from  40  to  75  p.c.  of  the  nitrogen  was 
obtained  in  the  form  of  cyanide. 

In  1916  the  process  was  installed  at  Niagara. 
It  was  soon  found  that  the  troublesome  evolution 
of  gas  was  almost  suppressed  by  the  addition  of 
a little  calcium  carbide,  and  that  much  better 
results  were  obtained  by  raising  the  temperature 
to  1200°-1400°  (H.  P.  Eastman,  U.S.  Pat. 
1282395,  1918),  and  also  that  the  cyanide  dis- 
appears when  the  fused  product  is  allowed  to 
cool  slowly,  the  reversion  apparently  occurring 
between  400°  and  700°  (H.  Freeman,  U.S.  Pat. 
1282405,  1918).  In  1919  the  process  was,  there- 
fore, carried  out  by  feeding  a mixture  of  calcium 
cyanamide  (1  part),  salt  (about  0*8  part),  and 
calcium  carbide  (0*05  to  0*1  part)  into  a single 
phase  electric  furnace  of  the  arc-resistance  type 
with  conducting  hearth  and  a single  suspended 
electrode.  The  furnace  treats  about  30  tons 
daily.  The  mixture  fuses,  and  is  run  off  almost 
continuously  into  a pan  in  which  a water-cooled 
drum  rotates,  taking  up  a thin  layer  of  the  fused 
material  which  solidifies  and  is  scraped  off  in 
thin  flakes  which  contain  cyanide  (possibly  the 
calcium  salt)  equivalent  to  36  p.c.  NaCN.  The 
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efficiency  on  the  nitrogen  is  about  90  p.c.  The 
equivalent  of  975  tons  of  sodium  cj^anide  was 
made  in  1917,  1050  tons  in  1918,  and  1250  tons 
in  1919.  The  chemistry  of  this  process  is  still 
incompletely  known ; Landis  states  that 
cyanide  is  formed  even  when  little  or  no  salt  is 
used,  which  suggests  that  the  principal  change  is 
represented  by  the  reversible  reaction 

CaCN2+C^Ca(CN)2 

The  initial  frothing  may  be  due  to  the  decom- 
position of  sodium  cyanamide 

2NaCN2=2NaCN+N2+2Na 

the  graphitic  carbon  present  not  being  suffi- 
ciently active  at  lower  temperatures  to  convert 
it  quickly  into  cyanide  ; the  addition  of  calcium 
carbide  is  supposed  to  supply  the  necessary 
active  carbon. 

2b.  Action  of  nitrogen  on  acetylene. 

In  1863  Berthelot  had  shown  (Ann.  Chim.Phys 
1863,  [3]  67,  52)  that  acetylene  is  formed  in  the 
electric  arc  between  carbon  electrodes  in  an 
atmosphere  of  hydrogen,  and  also  that  hydro- 
carbons in  general  yield  acetylene  when  induction 
sparks  pass  through  their  vapours.  The  careful 
measurements  of  Bone  and  Jerdan  (Chem.  Soc. 
Trans.  1901,  1042)  indicate  that,  when  equili- 
brium is  established  in  the  gas  surrounding  a 
carbon  arc  burning  in  hydrogen  or  hydrocarbon 
vapour,  it  contains  90-91  p.c.  Hg,  7-8  p.c. 
C2H2,  1‘25  p.c.  CH4  and  0'75  p.c.  CgHg,  no  other 
hydrocarbons  being  present. 

In  1868  Berthelot(Compt.  rend.  1868, 67, 1141) 
discovered  that  acetylene  and  nitrogen  combine, 
under  the  influence  of  strong  induction  sparks, 
to  form  hydrocyanic  acid,  and  that  the  reaction 
C2H2+N2  2HCN  is  reversible.  Taken  to- 
gether with  his  earlier  observations  on  the 
formation  of  acetylene,  this  led  him  to  the 
generalisation  that  hydrocyanic  acid  must  be 
formed  in  the  carbon  arc  burning  in  mixtures 
of  hydrogen  and  nitrogen  or  when  sparks  are 
passed  through  mixtures  of  nitrogen  and  hydro- 
carbons. The  cyanogen  compound  observed 
when  the  p,rc  burns  between  carbon  electrodes 
in  an  atmosphere  of  nitrogen  is  hydrocyanic 
acid,  the  hydrogen  of  which  is  derived  from  the 
electrodes  or  from  water  vapour.  A mixture 
of  10  vols.  C2H2,  14*5  vols.  N2,  and  75 ’5  vols.  Hg 
is  suitable  for  the  synthesis  of  hydrocyanic  acid, 
since  mixtures  richer  in  acetylene  deposit  carbon. 
Dewar  (Proc.  Roy.  Soc.  1879,  29,  188,  and  1880, 
30,  85)  confirmed  Berthelot’s  observations  on 
the  formation  of  hydrocyanic  acid  in  the  arc, 
and  also  showed  that  it  is  formed  when  a mixture 
of  hydrogen  and  nitrogen  is  passed  through  a 
carbon  tube  heated  externally  by  an  electric 
arc.  The  minute  traces  of  hydrocyanic  acid 
found  in  the  slightly  luminous  flame  of  a Bunsen 
burner  (Liideking,  Annalen,  1888,  247,  122)  are 
doubtless  due  to  this  reaction. 

Subsequent  investigations  add  little  to  the 
information  given  by  Berthelot ; Hoyermann 
(Chem.  Zeit.  1902,  26,  70)  passed  a mixture 
of  nitrogen  (2  vols.)  and  acetylene  (1  vol.)  into 
the  arc  through  tubular  carbon  electrodes  and 
found  that  60  to  70  p.c.  of  the  acetylene  was 
converted  into  hydrocyanic  acid.  Gruszkiewicz 
(Zeitsch.  Elektrochem.  1903,  9,  83)  found  that 


a mixture  of  carbon  monoxide  (2  vols.)  hydrogen 
(1  vol.)  and  nitrogen  (1  vol.)  yielded  small 
quantities  of  hydrocyanic  acid  when  exposed 
to  induction  sparks  between  platinum  points. 
Lipinsky  (Zeitsch.  Elektrochem.  1911,  17,  761) 
passed  mixtures  of  methane,  nitrogen  and  hydro- 
gen through  a 2200  volt  alternating  current  arc 
between  platinum  electrodes.  No  carbon  was 
deposited  from  a mixture  containing  CII4  (20 
p.c.),  II2  (10  p.c.),  and  Ng  (70  p.c.).  Under 
the  best  conditions  about  1'75  gram  of  hydro- 
cyanic acid  was  produced  per  kilowatt  hour. 
It  is  instructive  to  compare  this  with  the 
50  grams  of  nitric  acid  per  kilowatt  hour 
which  Raleigh  obtained,  in  apparatus  of  com- 
parable dimensions,  from  mixtures  of  oxygen 
and  nitrogen. 

E,  Briner  and  A.  Baerfuss  (Helv.  Chim. 
Acta.  1919,  2,  663)  have  obtained  as  much  as 
7 ‘39  grams  HCN  per  kilowatt  hour  by  circulating 
8-10  litres  per  hour  of  a mixture  of  1 part 
methane  and  5 parts  nitrogen  through  an  arc  at 
505  volts  between  platinum  electrodes  12  mm. 
apart. 

According  to  H.  Philipp  (Chem.  Met.  Eng. 
1920,  22,  213),  Lipinski’s  process  was  tried  on  a 
commercial  scale  in  1914  at  Neuhausen,  and  a 
yield  of  30  grams  of  HCN  per  kilowatt  hour 
attained. 

Hutton  and  Smith  (Eng.  Pat.  23835  of  1906, 
and  Trans.  Amer.  Electrochem.  Soc.  13,  359, 
1908)  showed  that  the  temperature  of  the  arc  is 
not  necessary,  hydrocyanic  acid  being  formed 
when  a carbon  rod  is  heated  in  a mixture  of 
hydrogen  and  nitrogen  to  1700° ; and  H.  v. 
Wartenberg  (Zeitsch.  anorg.  Chem.  52,  299, 
1907)  carried  out  quantitative  mea,surements 
with  the  following  results  (using  a mixture  of 
equal  volumes  of  hydrogen  and  nitrogen)  : — 


Temperature 

1635° 

1752° 

1875° 


P.c.  HCN  in  the  gas 
in  equilibrium 
1-95 

3- 10 

4- 70 


Wallis  (Annalen,  1906,  345,  353),  by  passing  the 
same  mixture  through  the  electric  arc  at  varying 
rates  obtained  a maximum  of  33*5  p.c.  of  HCN  in 
the  gas.  The  estimated  temperature  of  the  arc 
is  about  3250°. 

Cyanides  from  nitrides.  At  high  tempera- 
tures, nitrogen  combines  directly  with  several 
elements  to  form  nitrides,  and  these,  when  fused 
with  sodium  carbonate  and  carbon,  produce 
sodium  cyanide.  This  has  been  shown  to  be 
the  case  with  the  nitrides  of  boron,  calcium, 
magnesium,  titanium,  silicon,  and  aluminium, 
and  with  phospham  PNH.^.  Since  none  of 
these  processes  has  emerged  as  yet  from  the 
experimental  stage,  it  is  sufficient  to  mention 
the  possibility  of  producing  cyanides  in  this 
way. 

Hydrocyanic  acid.  Prussic  acid  (Ger.  Blau- 
sdure).  HCN. 

This  substance  was  discovered  by  Scheele  in 
1782  (Chemical  Essays,  London,  1786;  reprinted 
1901).  He  observed  that  Lixivium  sanguinis 
loses  its  power  of  forming  Prussian  blue  when  it 
is  exposed  to  the  air,  and  traced  this  effect  to 
the  atmospheric  carbon  dioxide.  Other  acids 
also  produced  it,  and  the  blue-forming  principle 
was  found  in  the  vapour  given  off.  By  distilling 
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the  lixivium  with  sulphuric  acid,  he  obtained 
an  aqueous  solution  of  hydrocyanic  acid.  A 
more  convenient  method  of  preparation  was  to 
heat  potassium  ferrocyanide  with  dilute  sul- 
phuric acid.  In  doing  this,  he  obtained  a blue 
residue  (oxidised  Everitt’s  salt  or  Williamson’s 
blue).  Finally,  he  prepared  mercuric  cyanide 
by  boiling  Prussian  blue  with  mercuric  oxide  ; 
by  treating  this  with  iron  and  sulphuric  acid,  he 
decomposed  it  into  mercury  and  hydrocyanic 
acid,  which  he  distilled  off.  In  1783,  Scheele 
found  that  hydrocyanic  acid  is  inflammable,  its 
combustion  yielding  carbon  dioxide.  He  also 
proved  that  it  contains  nitrogen  by  synthesising 
it  from  ammonia.  Equal  parts  of  charcoal  and 
potassium  carbonate  were  heated  to  redness, 
but  not  sufficiently  to  melt  the  potash,  in  a 
crucible  and  then  some  ammonium  chloride 
stirred  in  (for  2 minutes  only)  ; the  mass 
was  then  thrown  into  water  and  a solution 
obtained  which  gave  ‘ a great  quantity  of 
Prussian  blue,’  whereas  a similar  experiment 
without  the  sal-ammoniac  yielded  a very  small 
quantity. 

The  exact  quantitative  composition  of 
prussic  acid  was  ascertained  by  Gay-Lussac 
(Annales  de  Chimie,  1815,  95,  156).  He  showed 
that  it  is  similar  in  constitution  to  hydro- 
chloric and  hydriodic  acids,  the  hydrogen 
being  united  with  a compound  radical,  CN, 
which  he  called  ‘ cyanogene,’’  which  plays 
the  part  of  an  element  in  so  far  as  it  passes 
through  many  transformations  unchanged. 

Compounds  of  hydrocyanic  acid  are  widely 
distributed  in  nature  in  plants.  The  acid  does 
not  exist  as  such  in  the  living  plants,  but  is 
liberated  after  their  death  by  the  hydrolytic 
action  of  an  enzyme  on  a glucoside,  both  of 
which  are  contained  in  the  living  cells  ; the 
glucoside  may  also  be  split  up  by  boiling  with 
dilute  acids.  Rarely  a glucoside  is  found  with- 
out an  accompanying  enzyme,  as  in  the  leaves 
of  the  common  elder  (Sambucus  niger).  The 
chemistry  of  the  cyanogenetic  glucosides  is 
described  under  Glucosides.  Very  different 
quantities  of  hydrocyanic  acid  are  obtained 
from  different  parts  of  the  same  plant,  the 
quantity  also  depends  on  the  age  of  the  plant 
(it  is  usually  greatest  in  the  young  plants)  and 
on  the  conditions  of  growth  such  as  climate 
and  rainfall ; the  use  of  nitrogenous  fertilisers 
has  been  found  to  increase  the  quantity  of 
hydrocyanic  acid  present.  Plants  rarely  yield 
as  much  as  one  or  two  tenths  of  1 p.c.  of  their 
weight  of  hydrocyanic  acid ; for  example : 
great  millet  {Sorghum  vulgar e)  0'013  to  0'044 
p.c.  in  young  plants,  an  exceptional  North 
American  sample  gave  0'114  p.c.  ; wild  cherry 
{Prunus  padus)  0'03  p.c.  ; cherry  laurel  {Prunus 
laurocerasus)  up  to  0‘2  p.c.  in  young  leaves  ; 
cassava,  sweet,  0’016  p.c.  in  the  leaves,  0'043 
p.c.,  in  the  peel  of  the  stem,  0‘005  p.c.  in  the 
edible  part  of  the  root,  the  corresponding  parts 
of  the  bitter  variety  contained  0’041  p.c.,  0’113 
p.c.,  and  0*053  p.c.  respectively ; Rangoon 
beans  {Phaseolus  lunatus),  0*025  p.c.  ; linseed, 
0*02  to  0*038  p.c.  ; Nandina  domestica,  0*07 
to  0*147  p.c.  ; bitter  almonds  0*12  to  0*18  p.c. 
Cases  of  cattle  poisoning  are  not  infrequent  in 
hot  countries  where  sorghum  is  used  as  fodder, 
and  linseed  meal  and  white  clover  are  also 
sometimes  poisonous,  The  enzymes  are  de- 


stroyed and  the  cyanogenetic  glucosides  rendered 
harmless  by  thorough  boiling  with  water.  *■ 

Minute  traces  of  hydrocyanic  acid  have  been 
observed  in  the  products  of  incomplete  combus- 
tion, for  example,  in  the  luminous  flame  of  a 
Bunsen  burner,  in  boiler  flue  gases,  and  in 
tobacco  smoke. 

Preparation  of  Hydrocyanic  Acid. — Hydro- 
cyanic acid  was  formerly  prepared  by  distilling 
potassium  ferrocyanide  with  dilute  sulphuric 
acid.  A more  convenient  method,  however, 
is  to  run  a solution  of  sodium  cyanide 
(97  to  98  p.c.  NaCN)  in  from  2-2^  times  its 
weight  of  water  into  hot  sulphuric  acid  of  75  p.c. 
strength  : about  1^  mols.  of  sulphuric  acid  to 
2 mols.  sodium  cyanide  is  sufiicient  and  the 
cyanide  solution  is  preferably  allowed  to  enter 
the  acid  a little  below  its  surface,  so  as  to  avoid 
contact  of  the  alkaline  cyanide  solution  with 
hydrocyanic  acid  vapour. 

The  vapour  may  be  dried  by  calcium  chloride, 
kept  at  a temperature  of  about  30°  and  then 
condensed  in  a vessel  cooled  by  ice,  although 
the  greater  part  of  it  is  quite  readily  liquefied 
in  an  ordinary  Liebig’s  condenser  cooled  by  cold 
water.  It  may  be  purified  from  traces  of  water 
and  ammonia  by  distillation  over  phosphorus 
pentoxide  (Nef,  Annalen,  1895,  287,  265). 

Hydrocyanic  acid  is  formed  in  many  different 
ways ; the  synthesis  from  free  nitrogen  and 
acetylene  has  already  been  mentioned. 
The  oxidation  of  organic  compounds  by  nitric 
acid  often  yields  hydrocyanic  acid  in  greater  or 
smaller  amount,  and  it  has  been  proposed  to 
manufacture  hydrocyanic  acid  in  this  way. 
The  interesting  reaction  described  by  Hunting- 
don (Eng.  Pat.  14855,  1895)  may  be  mentioned 
here.  A mixture  of  acetylene  and  nitric  oxide 
is  readily  exploded  by  a spark,  yielding  very 
considerable  quantities  of  hydrocyanic  acid  in 
accordance  with  the  equation 

2N0+2C2H2=2HCN+2C0+H., 

When  ammonium  formate  is  distilled,  water 
is  first  given  off  together  with  a little  ammonia 
and  formic  acid ; at  180°  formamide  begins  to 
distil  over,  and,  as  the  temperature  gradually 
rises  to  220°,  this  is  accompanied  by  increasing 
quantities  of  carbon  monoxide,  but  only  traces 
of  hydrocyanic  acid  are  produced.  In  order  to 
obtain  a good  yield  of  hydrocyanic  acid,  the 
vapour  must  be  heated  to  much  higher  tempera- 
tures, and  the*  result  is  greatly  influenced  by 
the  nature  of  the  substance  with  which  it  is  in 
contact.  According  to  unpublished  experiments 
by  the  writer,  the  principal  changes  which  occur 
are : — 

H*C00NH4=HC0*NH2+H20  (1) 
H*C00NH4=NH3+HC00H 

=NH3+H20+C0  (2) 
HC0*NH2=HCN+H20 
H20+C0=C02+H2 

The  ammonia  and  hydrocyanic  acid  in  the  pro- 
duct usually  accounted  for  more  than  95  p.c.  of 
the  nitrogen  in  the  ammonium  formate  or 
formamide  used.  Under  similar  conditions,  the 
yield  of  hydrocyanic  acid  obtained  from  forma- 
mide is  much  greater  than  that  obtained  from 
ammonium  formate.  For  each  contact  sub- 
stance there  is  a certain  temperature  at  which 
the  yield  is  a maximum.  The  following  table 
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contains  the  best  temperatures  and  correspond- 
ing yields  for  several  contact  substances  : — 


Ammonium  formate 

Formamide 

Contact; 

substance 

Yield  of 
HON  p.c.  of 

I theoretical 

Temperature 

Yield  of 

HCN  p.c.  of 

theoretical 

Temperatm'e 

Porcelain 

chips 

41*5 

0 

0 

0 

75 

800° 

Copper  gauze 

43*0 

just  below  500° 

78 

600° 

Iron  wire 

39*0 

just  below  500° 

— 

— 

Charcoal 

21*0 

420° 

55 

400° 

With  finely  divided  nickel,  no  hydrocyanic 
acid  was  obtained  in  any  circumstances ; at 
273°,  92^  p.c.  of  the  nitrogen  was  recovered  as 
ammonia,  but  much  less  at  higher  temperatures. 

Formaldoxime  CHg  : N’OH,  an  isomeride  of 
formamide,  obtained  by  the  interaction  of 
formaldehyde  and  hydroxylamine,  decomposes 
very  readily  when  heated  alone  or  with  phos- 
phorus pentoxide  into  water  and  hydrocyanic 
acid  (Dunstan  and  Bossi,  Chem.  Soc.  Trans. 
1898,  353). 

Ammonia  and  carbon  monoxide  were  said  to 
yield  hydrocyanic  when  passed  over  heated 
spongy  platinum  (Kuhlmann,  Annalen,  1841, 
38,  62),  C0-bNH3=HCN-j-H20,  and  this  ap- 
parently simple  reaction  has  attracted  several 
inventors.  A careful  investigation  by  Jackson 
and  Laurie  (Chem.  Soc.  Trans.  1905,  87,  433)  has 
shown  that  a dry  mixture  of  the  two  gases, 
when  sparked,  treated  by  the  silent  discharge 
or  heated  in  presence  of  platinum  (an  electrically 
heated  spiral  of  platinum  wire  gives  the  best 
result)  yields  ammonium  cyanate  thus  : 

C0+2NH3=NH4CN0+H2 

and  Kuhlmann’s  reaction  does  not  take  place. 
The  reverse  change,  HCN+H20=C0-f NH3, 
however,  does  occur  very  readily,  even  at  200°, 
when  a mixture  of  steam  and  hydrocyanic  acid 
is  passed  over  broken'^brick  as  contact  material, 
and  at  600°  it  is  practically  quantitative.  With 
iron  oxide  as  contact  substance,  the  conversion 
into  ammonia  is  complete  at  285°,  and  with 
Weldon  mud  at  200°  (Carpenter  and  Linder,  J, 
Soc.  Chem.  Ind.  1905,  63). 

Cyanogen  and  hydrogen  combine,  forming 
hydrocyanic  acid  when  a mixture  of  them  is 
heated  at  500°-550°  (Berthelot,  Ann.  Chim. 
Phys.  1879,  [5]  18,  380). 

Properties  of  Hydrocyanic  Acid. — A colourless 
liquid  possessing  a characteristic  smell  (or  rather 
taste),  which  produces  a choking  sensation  in  the 
larynx.  It  is  one  of  the  most  poisonous  sub- 
stances known,  the  fatal  dose  for  a full-grown 
man  being  about  0’06  gram  of  the  acid  or  0‘15 
gram  of  potassium  cyanide.  It  may  be  absorbed 
through  all  parts  of  the  body,  even  through  the 
skin,  and  its  action  is  very  rapid,  large  doses 
causing  death  almost  instantaneously.  Air  in 
which  the  smell  of  hydrocyanic  acid  is  distinctly 
perceptible  may  be  breathed  constantly  with- 
out ill  effects.  Experiments  with  cats  showed 
that  3 to  4 volumes  of  the  acid  per  100,000 
volumes  of  air  could  be  borne,  but  5 volumes 
VoL.  II.— I’. 


produced  symptoms  of  poisoning.  In  industrial 
cases  of  hydrocyanic  acid  poisoning  the  persons 
affected  were  usually  working  in  confined  spaces, 
for  example,  cleaning  or  repairing  apparatus 
which  had  contained  cyanides,  removing 
damaged  cargo  from  the  holds  of  ships,  or  work- 
ing in  insufficiently  ventilated  buildings  where 
cyanide  solutions  were  used ; in  all  these  cases 
hydrocyanic  acid  is  generated  from  alkali  cyanide 
solutions  partly  by  hydrolysis  and  partly  by 
the  action  of  carbon  dioxide. 

The  first  symptoms  of  poisoning  are  giddi- 
ness and  darkness  of  the  visual  field  (these 
symptoms  disappear  after  a few  minutes  ex- 
posure to  fresh  air),  they  are  followed  by  un- 
consciousness accompanied  by  muscular  cramps 
and  more  or  less  complete  cessation  of  respira- 
tion ; the  heart  still  acting,  however,  artificial 
respiration  with  oxygen  may  be  successful  at 
this  stage.  When  a cyanide  has  been  swallowed, 
hydrocyanic  acid  is  liberated  by  the  acids  of  the 
stomach.  The  simplest  and  most  effective 
antidote  is  prepared  by  mixing  solutions  of 
ferrous  sulphate  and  sodium  carbonate  (suitable 
quantities  are  50  c.c.  each  of  solutions  containing 
150  grams  of  FeS04,7H20  and  57  grams  of 
Na2C03  per  litre).  Stimulants,  such  as  ammonia, 
are  also  helpful.  The  writer  has  seen  a dog, 
which  had  swallowed  some  potassium  cyanide, 
and  was  already  partially  paralysed  in  its  hind 
quarters,  recover  in  a few  seconds  when  dosed 
with  the  above  mixture  which  had  been  made 
up  hastily  from  ferrous  ammonium  sulphate. 
Subcutaneous  injection  of  hydrogen  peroxide, 
which  converts  hydrocyanic  acid  into  oxamide, 
has  also  been  recommended. 

The  action  of  hydrocyanic  acid  appears  to 
consist  partly  of  a direct  effect  on^the  nerve 
centres  and  partly  of  an  inhibitory  action  on 
the  enzyme  of  the  red  blood  corpuscles,  which 
brings  about  the  transference  of  oxygen  from 
oxyhaemoglobin  to  the  oxidisable  substances 
in  the  body  ; the  venous  blood  therefore  becomes 
arterial,  and  death  is  due  partly  to  a kind 
of  internal  suffocation.  Schonbein  (J.  pr. 
Chem.  1868,  105,  202)  showed  that  hydro- 
cyanic acid  inhibits  the  catalytic  decomposition 
of  hydrogen  peroxide  by  plant  ferments,  and 
also  by  the  red  blood  corpuscles,  and  suggested 
that  its  poisonous  properties  might  be  due  to 
the  inhibition  of  the  oxidising  power  of  the 
blood.  Bredig  and  von  Berneck  (Zeitsch.  phys. 
Chem.  1899,  31,  329)  showed  that  hydrocyanic 
acid  has  the  same  effect  on  the  inorganic  ferment, 
colloidal  platinum.  The  ferments  recover  their 
activity  when  the  hydrocyanic  acid  is  removed. 
This  property  has  been  applied  in  the  preserva- 
tion of  fruit. 

The  sp.gr.  of  the  liquid  acid  is  0'7058  at  7° 
and  0'6969  at  18°  (Gay  Lussac).  Freezing-point, 
— 10°  to  —12°  (Nef.).  The  freezing-point  is 
raised  by  pressure;  it  is  —2*88°  under  500  kilos 
per  sq.  cm.  and  -[-50*1°  under  4000  kilos  per  sq. 
cm.  pressure  (Tamman).  The  boiling-point  at 
atmospherie  pressure  is  25°  (Nef.).  The  heat  of 
evaporation  is  exceptionally  large,  210*7  Cals, 
per  gram.  Heat  of  formation  of  the  liquid  acid 
from  the  elements  (amorphous  carbon)  —21*8 
Cals,  per  mol.  (Thomsen),  diamond  —24*8  Cals. 
(Berthelot).  Heat  of  solution,  liquid  acid  in 
water,  0*4  Cal.  per  mol.  The  dielectric  constant 
of  hydrocyanic  acid,  95,  is  the  largest  known, 
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with  the  exception  of  that  of  hj/drogen  peroxide 
(Schlundt).  The  acid  is  miscible  in  all  pro- 
portions with  water,  alcohol,  ether  and  many 
other  substances ; it  is  almost  insoluble  in  light 
petroleum.  It  is  an  excellent  solvent  for  many 
solid  substances ; among  the  inorganic  salts  the 
iodides  are  usually  readily  soluble.  The  solu- 
tions are  good  conductors  of  electricity,  the  con- 
ductivity of  solutions  of  potassium  iodide,  for 
example,  is  about  8^  times  greater  than  that  of 
the  corresponding  aqueous  solutions. 

Hydrocyanic  acid  is  one  of  the  weakest 
acids ; its  dissociation  constant  in  aqueous 
solution  at  18°,  1 3xl0~^,  is  44  times  smaller 
than  that  of  sulphuretted  hydrogen,  and  230 
times  smaller  than  that  of  carbonic  acid  (Walker 
and  Cormack,  Chem.  Soc.  Trans.  77,  16,  1900). 
In  a OTA-solution,  only  O'Oll  p.c.  of  the  acid 
is  dissociated  into  its  ions,  consequently  it  does 
not  behave  as  an  acid  to  indicators,  and  its 
salts  are  more  or  less  completely  decomposed 
by  water  ; thus  for  example, 

KCN+H2O  ^ KOH-f  HCN 

In  0‘1  A-solutions  of  the  sodium  or  potassium 
salts,  I'l  p.c.  is  dissociated  in  this  way  ; in  N- 
solutions,  only  0'3  p.c.  at  24 '2°  (Shields,  Zeitsch. 
physikal.  Chem.  12,  167,  1893).  In  solutions 
of  pure  sodium  cyanide,  containing  no  caustic 
soda,  the  hydrolysis  is  greater  than  that  found 
by  Shields.  It  may  be  calculated  from  the 
equihbrium  constant  K=[HaOH][HCN][NaCN], 
the  bracketed  quantities  representing  concen- 
trations of  the  substances  in  gram  mols.  per 
litre.  The  values  of  Kx  10^  are  ; at  0°,  0'135  ; 
at  5°,  0 15  ; at  10°,  0-16  ; at  15°,  0*20  ; at  20°, 
0*27  ; at  25°,  0*484  ; and  at  30°,  0*72  (E.  P. 
Worley  and  V.  R.  Browne,  Chem.  Soc. 
Trans.  1917,  1057).  This  is  of  importance 
w*hen  it  is  required  to  concentrate  an 
aqueous  solution  of  a cyanide  ; the  free  hydro- 
cyanic acid  escapes  until  sufficient  excess  of  the 
base  has  accumulated  to  reduce  the  hydrolysis 
to  neghgible  proportions.  In  the  case  of  weaker 
bases,  the  result  is  a considerable  loss  of  hydro- 
cyanic acid  ; with  calcium  cyanide,  for  example, 
the  quantity  of  lime  formed  is  greater  than  can 
be  retained  in  solution,  consequently  equilibrium 
is  never  attained,  and  when  such  a solution  is 
evaporated,  the  whole  of  the  hydrocyanic  acid 
escapes,  leaving  a residue  of  pure  lime. 

A large  part  (sometimes  one-half)  of  the 
cyanide  used  in  gold  extracting  is  lost  by  the 
evaporation  from  the  solutions  of  hydrocyanic 
acid  set  free  by  hydrolysis  (H.  A.  'White,  J. 
Chem.  Met.  and  Min.  Soc.  S.  Africa,  1915, 
16,  24). 

Pure  hydrocyanic  acid,  distilled  over  phos 
phorus  pentoxide,  can  be  preserved  without 
change  for  considerable  periods  at  the  ordinary 
temperature;  when  heated  to  100°  or -at  the 
ordinary  temperature  in  presence  of  alkaline 
impurities,  such  as  ammonium  or  potassium 
cyanide,  it  changes  into  a solid,  blacl:  mass  from 
which  a ter-molecular  polymer,  probably  the 
nitrile  of  amino  malonic  acid,  NH2*CH(CN)2, 
can  be  separated.  Under  imperfectly  Imown 
conditions,  the  anhydrous  acid  sometimes 
explodes.  G.  Salomone  (Gazz.  chim.  ital. 
1912,  42,  i.  617)  isolated,  from  the  products  of 
an  explosion,  colourless  crystals  of  a substance 
having  the  composition  of  cyanic  acid  and  a l 


molecular  weight,  in  benzene  solution,  corre- 
sponding with  (HCN 0)5. 

The  aqueous  acid  also  becomes  brown 
rapidly  in  presence  of  alkali  cyanides  and 
deposits  a dark  brown  amorphous  substance, 
azulmin  or  azulmic  acid,  which  contains  carbon, 
oxygen,  nitrogen,  and  hydrogen  in  variable 
proportions.  The  discolouration  of  solid,  alkali 
cyanide,  when  exposed  to  the  air,  is  due  to  the 
hydrocyanic  acid  liberated  at  its  surface  under- 
going this  change.  g ^ 

The  only  useful  application  of  hydrocyanic 
acid,  as  an  insecticide,  was  developed  at  the 
Agricultural  Experiment  Station  of  the  Uni- 
versity of  California,  largely  by  the  labours  of 
D.  W.  Coquillett  and  H.  D.  Bishop  (California 
Station  Bull.  122).  They  found  that  foliage  is 
much  less  liable  to  injury  at  night  than  in  sun- 
light ; the  hydrocyanic  acid  vapour  is  applied 
by  erecting  a tent  over  the  trees  and  generating 
the  acid  inside  of  it.  The  safe  concentration  of 
hydrocyanic  acid  depends  on  the  kind  of  tree 
and  on  the  time  of  year.  In  greenhouses  less 
than  2 grams  of  hydrocyanic  acid  per  1000  cb.  ft. 
of  air  space  is  said  to  kill  green  aphis,  but  as 
much  as  30  grams  may  be  needed  for  mealy  bug 
or  red  spider.  Most  plants  are  unaffected  even 
by  the  larger  quantity.  Since  about  1918 
98  p.c.  hydrocyanic  acid  has  been  placed  on  the 
market  for  the  fumigation  of  orange  trees ; 
formerly  the  acid  was  always  generated  on  the 
spot,  from  sodium  cyanide  and  sulphuric  acid. 

The  constitution  of  hydrocyanic  acid  has  been 
the  subject  of  much  discussion  arising  largely 
from  the  observation  that  the  reaction  of 
potassium  cyanide  with  arb  ester  yields  a nitrile, 
B — C ;N,  as  principal  product,  whereas  silver 
cyanide  yields  a carbylamine,  B— N : C.  On 
the  hypothesis  that  the  salts  are  formed  by  the 
substitution  of  an  atom  of  metal  for  an  atom  of 
hydrogen  without  change  of  position,  and  that 
the  alkyl  derivatives  are  formed  similarly,  it  is 
of  course  necessary  to  suppose  that  the  hydrogen 
in  hydrocyanic  acid  may  be  united  either  with 
carbon  or  with  nitrogen.  The  cyanides  are, 
however,  in  all  probability  more  complex 
substances  ; silver  cyanide,  from  its  mode  of 
formation,  is  probably  silver  dicyano  argentaate, 
AgfAg(CN)2],  ^iicl  the  reaction  with  methyl 
iodide  is  similar  to  that  of  silver  ferrocyanide 
(described  above)  leading  to  the  well- crystallised 


substance 


■ CN 
^^CNCH 


J 


, which,  like  the  corre- 


sponding ferrocyanide,  splits  off  methyl  carbyl- 
amine when  heated  or  when  acted  on  by  a 
solution  of  potassium  cyanide  {see,  for  example, 
H.  GuiUemard,  Ann.  Chim.  Phys.  1908,  [8] 
14,  311). 

The  properties  of  hydrocyanic  acid  itself,  how- 
ever, leave  little  doubt  that  it  is  f ormonitrile ; the 
isomeric  substance  H*N:C,  has  not  been  isolated. 
Like  the  nitriles,  hydrocyanic  acid  is  hardly 
affected  by  dilute  mineral  acids  (it  is  frequently 
separated  quantitatively  by  distilling  acid 
solutions)  ; the  carbylamines  are  violently 
decomposed.  Anhydrous  hydrocyanic  acid  and 
the  nitriles  do  not  ^ssolve  silver  cyanide,  whilst 
the  carbylamines  dissolve  it  very  readily.  In 
its  high  dielectric  constant,  solvent  and  dis- 
sociating powers  and  physiological  action  hydro- 
cyanic acid  also  resembles  the  nitriles  rather 
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than  the  carbylamines  (Wade,  Chem.  See. 
Trans.  1902,  1613). 

The  Principal  Cyanides. 

Potassium  cyanide  KCN  crystallises  in 
anhydrous,  colourless  octahedra  from  aqueous 
solutions,  or  in  cubes  when  the  fused  salt  solidi- 
fies ; sp.gr.  1 '52.  It  melts  at  a dull  red  heat, 
and  volatilises  without  decomposition  at  high 
temperatures.  It  is  readily  soluble  in  water  ; 
the  saturated  solution  contains  122  "2  grams  of 
KCN  to  100  grams  of  water  at  its  boiling-point 
(103 '3°).  At  19 ’5°,  100  grams  of  absolute 
alcohol  dissolve  0'88  gram,  100  gr.  methylalcohol 
dissolve  4 '91  grams  (Landolt,  Bornstein  and 
Meyerhoffer,  Tabellen,  Berlin,  1905).  It  is 
moderately  soluble  in  anhydrous  ammonia  at 
— 38°  (Franklin  and  Kraus,  Amer.  Chem.  J. 
1898,  20,  820).  It  deliquesces  in  moist  air. 

Sodium  cyanide  NaCN  crystalKses  from  the 
fused  liquid  in  apparently  cubic  crystals  ; from 
aqueous  solutions'  below  35°  large  colourless 
plates  of  the  hydrate  NaCN,2H20  are  deposited. 
Joannis  (Ann.  Chim.  Phys.  1882,  [5]  26,  484) 
obtained  a hydrate  NaCNjI^HgO  from  cold 
85  p.c.  alcohol.  F.  Boessler  (Eng.  Pat.  279, 
1899)  showed  that  the  hydrate  NaCN,2H20 
decomposes  at  33°  (34 ‘7°  according  to  the 
writer’s  measurements)  into  the  anhydrous  salt 
and  a saturated  solution,  about  40  p.c.  of  the 
sodium  cyanide  separating  in  the  anhydrous 
state.  The  solubility  of  the  hydrate  (in  grams 
of  NaCN  to  100  grams  of  water)  is,  35 ‘4  at  —20°  ; 
43-4  at  0°;  58-3  at  20°  and  82  at  34-7°.  The 
solubility  of  the  anhydrous  salt  is  almost  inde- 
pendent of  the  temperature  (82  grams  per  100 
grams  of  water).  Sodium  cyanide  appears  to  be 
more  soluble  in  ethyl  and  methyl  alcohol  and 
anhydrous  ammonia  than  the  potassium  salt. 
The  sp.gr.  of  aqueous  solutions  of  sodium 
cyanide  at  25°  is  given  by  the  expression 
l-f-0'00534p,  where  p is  the  percentage  of 
NaCN.  Sodium  cyanide  (96  p.c.)  melts  at  540°. 
The  pure  salt,  when  heated  in  a glass  tube  so  as 
to  be  out  of  contact  with  metals,  in  a current  of 
dry  air  free  from  carbon  dioxide,  remains 
entirely  unchanged  at  temperatures  up  to 
370°  ; if,  however,  it  is  in  contact  with  iron  or 
nickel,  or  if  traces  of  the  oxides  of  these  metals 
are  added  to  it,  oxidation  proceeds  rapidly, 
cyanate  and  carbonate  being  formed  and  carbon 
dioxide  evolved.  The  carbonate  is  formed  by 
the  oxidation  of  the  cyanate,  which  is  the 
primary  product.  Sodium  cyanate  behaves 
towards  oxygen  in  exactly  the  same  way  as  the 
cyanide  ; it  is  quite  unaffected  by  dry  air  (free 
from  COg)  even  at  400°,  but  when  mixed  v/ith 
1 p.c.  of  nickel  oxide  it  oxidises  rapidly  ; thus  : 

2NaCN0+30=:Na2C02-l-C02+N.2 

(writer’s  unpublished  experiments). 

Sodium  cyanide  absorbs  moisture  with  great 
avidity  from  ordinary  moist  air.  The  writer 
has  found  that  it  takes  up  water  from  purified 
air  saturated  with  aqueous  vapour  at  20°  at  all 
temperatures  below  44°,  but  not  at  higher 
temperatures.  This  is  of  importance  in  sampling 
and  analysing  the  salt. 

Dilute  solutions  of  potassium  or  sodium 
cyanide  decompose  slowly  in  contact  with  the 
air,  the  loss  being  due  to  evaporation  of  the 
hydrocyanic  acid  formed  by  hydrolysis,  which 


permits  the  decomposition  to  proceed  further ; 
absorption  of  carbon  dioxide  acts  in  the  same 
direction  by  neutralising  the  caustic  alkali. 

Liebig’s  statement  that  metallic  iron  is  dis- 
solved by  hot  solutions  of  potassium  or  sodium 
cyanide  with  evolution  of  hydrogen  is  true 
of  the  finely  divided  metal,  but  iron  vessels 
may  be  used  for  years  for  boiling  concentrated 
solutions  of  cyanides  without  requiring  repair, 
and  iron  tanks  are  regularly  used  in  the  treat- 
ment of  gold  ores  with  cyanide  solutions. 

With  the  exception  of  lead  and  platinum,  all 
ordinary  metals  are  dissolved  by  cyanide  solu' 
tions  in  presence  of  oxygen. 

Zinc  is  slowly  dissolved  without  oxygen,  but 
if  a piece  of  zinc  is  half  immersed  in  a cyanide 
solution,  it  is  eaten  through  at  the  surface  of 
the  liquid  before  any  appreciable  action  has 
taken  place  on  the  submerged  portion. 

Alkali  cyanides  yield  ammonia  and  a 
formate  when  boiled  with  water  or  treated 
with  strong  sulphuric  acid;  in  the  latter  case 
the  formic  acid  produced  is  at  once  decomposed 
into  carbon  monoxide  and  water. 

Mercuric  cyanide  Hg(CN)2  was  first  prepared 
by  Scheele,  in  1782,  by  boiling  Prussian  blue 
with  mercuric  oxide,  and,  in  1783,  by  dissolving 
mercuric  oxide  in  hydrocyanic  acid  and  evapo- 
rating to  crystallisation.  He  also  found  that 
mercurous  salts,  when  treated  with  soluble 
cyanides,  yield  mercuric  cyanide  and  metallic 
mercury.  The  decomposition  of  the  ferro- 
cyanides,  as  already  mentioned,  depends  on 
the  extremely  small  electrolytic  dissociation 
of  mercuric  cyanide  in  aqueous  solution.  For 
the  same  reason,  it  is  not  decomposed  by  caustic 
alkalis,  and  hydrocyanic  acid  can  only  be  ex- 
pelled from  it  by  boiling  with  a strong  acid. 
The  concentration  of  the  mercury  ions  is,  how- 
ever, sufficient  to  permit  of  the  precipitation  of 
the  extremely  insoluble  mercuric  sulphide  by 
sulphuretted  hydrogen. 

Mercuric  cyanide  crystallises  in  anhydrous, 
colourless  crystals  of  sp.gr.  4'0.  The  saturated 
solution  contains  93  grams  per  litre  at  20°, 
111  grams  per  litre  at  25°  ; 100  grams  of  absolute 
alcohol  dissolve  lOT  grams  of  it  at  19'5°,  and 
100  grams  of  absolute  methyl  alcohol  take  up 
44 ’2  grams  at  19'5°. 

Small  quantities  of  mercuric  cyanide  are 
sometimes  used  in  addition  to  alkali  cyanide  in 
the  treatment  of  ores  containing  silver  sulphide 
(Clennel,  Cyanide  Handbook,  London,  1910, 
297),  the  dissolution  of  which  is  accelerated, 
probably  owing  to  the  formation  of  mercuric 
sulphide  : 

Hg(CN)2+Ag2S+2KCN=HgS+2KAg(CN)2 

Calcium  cyanide  has  never  been  prepared  in 
the  pure  state.  An  aqueous  solution  of  lime  in 
hydrocyanic  acid  decomposes  completely  into  its 
constituents  when  boiled  (Scheele).  By  evapor- 
ating such  a solution  in  vacuo,  J oannis  obtained 
a crystalline  compound,  3Ca0‘Ca(CN)2,15H20, 
which  decomposed  completely  in  a vacuum, 
leaving  nothing  but  lime.  Dry  reactions,  at  high 
temperatures,  yield  calcium  cyanamide,  but  no 
cyanide. 

Barium  cyanide  Ba(CN)2.  When  a concen- 
trated solution,  made  by  adding  hydrocyanic 
acid  to  baryta  in  theoretical  quantities,  is 
evaporated  in  vacuo,  crystals  of  the  hydrate 
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Ba(GN)2,2H20  are  deposited  (A.  Joannis,  Ann.  | 
Chim.  Phys.  [5]  26,  484,  1882).  This  is  a very 
deliquescent  substance  which,  when  dried  in 
vacuo  over  sulphuric  acid,  yields  an  amorphous 
monohydrate  which  can  be  completely  dehy- 
drated by  heating  it  very  gradually  to  100°  in 
a good  vacuum.  The  writer  has  failed  to  obtain 
a pure  product  in  this  way.  Some  7 or  8 p.c.  of 
the  hydrocyanic  acid  escapes  during  evaporation, 
and  the  product  contains  a corresponding  quan- 
tity of  barium  hydroxide.  By  drying  pure 
Ba(0H)2,8H20  in  a good  vacuum  at  100°,  a very 
finely  divided  powder  of  Ba(OH)2  is  obtained 
which  is  suspended  in  dry  light  petroleum  and 
treated  with  a small  excess  of  dry  hydrocyanic 
acid  also  mixed  with  light  petroleum.  In  this 
way,  the  solid  hydrated  barium  cyanide  is 
obtained  without  evaporation  : 

Ba(0H)2+2HCN=Ba(CN)2,2H20 

When  dehydrated  in  vacuo,  it  still  contains  a 
little  hydroxide,  but  by  shaking  it  with  a little 
hydrocyanic  acid  and  light  petroleum  and  again 
drying,  practically  pure  anhydrous  barium 
cyanide  is  fairly  easily  obtained. 

By  saturating  a solution  of  baryta  in  methyl 
alcohol  with  hydrocyanic  acid,  a compound 
Ba(CN)(0CH3)+CH30H  is  obtained,  which, 
when  heated,  first  loses  methyl  alcohol  and  then 
methyl  ether,  leaving  BaO-fBa(CN)2  (Drechsel, 
J.  pr.  Chem.  [2]  21,  77,  1880). 

Dry  methods  of  preparation  yield  mixtures 
of  cyanide  and  cyanamide.  When  barium 
ferrocyanide  is  heated  it  begins  to  decompose 
about  500°,  yielding  a mixture  of  barium 
cyanide  and  cyanamide  (with  carbon  and  iron) 
in  which  nearly  60  p.c,  of  the  nitrogen  is  in  the 
form  of  cyanamide,  practically  the  same  product 
as  that  obtained  by  the  action  of  nitrogen  on 
barium  carbide.  Even  the  action  of  cyanogen 
on  barium  amalgam  yields  a mixture  (Drechsel), 
the  reason  being  that  barium  cyanide  decom- 
poses into  barium  cyanamide  and  carbon,  thus  : 
Ba(CN)2  = BaCN2  + C.  The  change  is  very 
slow  at  500°  to  600°,  but  it  is  accelerated  by 
iron  (Ewan  and  Napier,  J.  Soc.  Chem.  Ind.  1913, 
32,  467). 

Barium  cyanide  is  colourless  ; 100  grams  of 
cold  water  dissolve  about  80  grams  of  it  (Joannis). 
It  melts  about  600°.  It  is  distinctly  volatile, 
even  at  its  melting-point,  but  when  mixed  with 
barium  oxide  it  is  much  less  so. 

Silver  cyanide  AgCN,  The  precipitate  ob- 
tained by  adding  excess  of  silver  nitrate  to  a 
solution  of  a soluble  cyanide  is  probably  the 
silver  salt  of  the  complex  acid  H[Ag(CN)2]. 
The  solubility  of  silver  cyanide  in  pure  water 
lies  between  those  of  the  chloride  and  sulpho- 
cyanide,  as  the  following  table  shows  : — 

Solubility  at  25°  in 
gram-mols.  per  litre 
Agl  0-01  X 10-« 

AgBr  0-81x10-6 
AgSCN  1-08x10-6 
AgCN  4-40  X 10-6 
AgCl  14-10x10-6 

It  is  hardly  attacked  by  cold  dilute  nitric  acid, 
but  is  decomposed  quantitatively  on  boiling 
(Plimmer,  Chem.  Soc.  Proc.  1903,  285).  When 
dry  silver  cyanide  is  heated  about  one-half 
of  the  CN  is  given  off  in  the  form  of 


cyanogen  C2N2.  Eurther  heating  in  presence 
of  oxygen  yields  a residue  of  metallic  silver, 
which  usually  contains  a little  carbon.  It  is 
slightly  soluble  in  a solution  of  hydrocyanic 
acid,  forming  the  unstable  acid  HAg(CN)2.  It 
dissolves  very  readily  in  alkali  cyanides  to  salts 
such  as  KAg(CN)2,  which  the  silver  is  con 
tained  in  the  complex  anion  Ag(CN)'2«  Owing 
to  the  excessively  small  dissociation  of  this 
anion,  all  silver  salts  except  the  sulphide  are 
dissolved  by  cyanide  solutions,  and  in  presence 
of  oxygen,  metallic  silver  and  the  sulphide  are 
also  dissolved. 

Gold  cyanides.  Aurous  cyanide  and  the 
soluble  aurocyanides  are  of  technical  im- 
portance. The  former,  AuCN,  a yellow  cry- 
stalline powder,  insoluble  in  water  and  acids, 
is  formed  by  the  action  of  hydrocyanic  acid 
on  auric  hydroxide.  It  is  readily  soluble  in 
solutions  of  alkali  or  alkaline-earth  cyanides, 
yielding  aurocyanides  such  as  KAu(CN)2.  A 
solution  of  the  potassium  salt,  which  is  used  for 
electroplating  with  gold,  is  readily. obtained  by 
precipitating  a solution  of  gold  chloride  with 
ammonia  and  dissolving  the  fulminating  gold  in 
a solution  of  potassium  cyanide,  or  by  precipi- 
tating gold  chloride  with  magnesia,  dissolving 
out  the  excess  of  magnesia  in  the  precipitate 
with  nitric  acid,  and  then  dissolving  the  auric 
hydroxide  in  potassium  cyanide  as  before. 

Potassium  aurocyanide  is  also  formed  when 
gold  is  dissolved  in  a solution  of  potassium 
cyanide  in  presence  of  oxygen  or  other  oxidising 
agent  r 

4KCN-f2Au+0+H20=2KAu(CN)2+2K0H 

(Clennel,  Cyanide  Handbook,  1910,  10-32  gives 
a full  account  of  the  discovery  of  this  reaction.) 

The  dissolution  of  metallic  gold  is  primarily 
due  to  the  great  stability  of  the  aurocyanogen 
ion  Au(CN)2'.  Metals,  like  all  other  substances, 
have  a tendency  to  dissolve  in  water.  In 
contact  with  its  aqueous  solution,  a salt  will 
dissolve  if  the  solution  is  unsaturated,  or  crystal- 
lise out  if  it  is  supersaturated.  Metals  behave 
similarly,  with  the  important  difference  that  they 
dissolve  in  the  form  of  positively  charged  ions, 
so  that  when  a metal  is  placed  in  contact  with  a 
solution  containing  fewer  of  its  ions  than  corre- 
spond with  equilibrium,  it  gives  out  positively 
charged  atoms,  becoming  itself  negatively 
charged,  until  the  electrical  attraction  stops 
further  change,  and  vice  versa.  In  this  way, 
a definite  potential  difference  always  arises 
between  a metal  and  a solution  of  it,  the  sign 
and  magnitude  of  which  depend  on  the  nature 
of  the  metal  and  on  the  concentration  of  the 
positively  charged  ions  of  the  metal  in  the 
solution. 

In  order  for  a metal  to  dissolve  at  all,  therefore, 
it  is  necessary  that  the  solution  shall  contain  less 
than  the  saturation  quantity  of  positive  ions  ; 
and  for  the  dissolution  to  continue,  the  positive 
charges  of  the  ions  and  the  negative  charge  of 
the  metal  must  be  got  rid  of  in  some  way. 

These  conditions  are  fulfilled  in  the  case  of 
the  dissolution  of  gold  in  a cyanide  solution 
containing  oxygen,  because  the  dissociation  of 
the  complex  ion,  Au(CN)'2  Au’-1-2CN'  is 
extremely  small,  and  solutions  of  it  therefore 
contain  infinitesimal  quantities  of  gold  ion,  and 
further  the  electrical  charges  produced  by  the 
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dissolution  of  the  gold  are  removed  by  the 
reactions  : 

Au-+2(CN)'=Au(CN)' 
and  0+H20+2(-)=20H' 

the  result  of  which,  written  in  the  ionic  form,  is 
■4K-+4(CN)'+2Au-+0  f H20+2(-) 

=4K*+2Au(CN)2'+20H' 

The  potential  difference  between  a metal  like 
zinc  (which  has  a greater  tendency  to  dissolve 
than  gold)  and  a cyanide  solution  is  much  greater 
than  the  natural  potential  difference  between 
gold  and  the  solution  ; hence  gold  ions  are  drawn 
out  of  the  solutions  to  the  zinc,  where  their 
positive  eharges  are  neutralised  by  the  negative 
charge  of  the  zinc.  This  disturbs  the  equili- 
brium between  zinc  and  the  solution  and  also 
between  aurocyanogen  ions  and  gold  ions, 
causing  fresh  quantities  of  zinc  to  dissolve  and 
of  aurocyanogen  ions  to  dissociate,  processes 
which  continue  until  the  whole  of  the  gold  is 
precipitated. 

As  W.  Skey  (Trans,  and  Proc.  New  Zealand 
Inst.  8,  334,  1876)  first  showed,  gold  in  cyanide 
solutions  is  electro-positive  to  silver  and  silver 
to  mercury,  so  that  gold  will  precipitate  silver 
and  mercury  from  their  solutions  in  cyanides. 
This  has  been  confirmed  by  Bodlander  (Ber.  1903, 
36,  3933).  This  reversal  of  the  usual  order  is, 
as  will  be  understood  from  the  above  explana- 
tion, due  to  the  increasing  stability  of  the 
mercury,  silver,  and  gold  complex  cyanogen 
ions. 

It  is  of  interest  to  note  that  most  of  the 
minerals  which  accompany  gold  in  its  ores  are 
electro-negative  to  gold  in  cyanide  solutions,  and 
therefore  accelerate  its  dissolution  in  the  way 
which  is  familiar  in  the  solution  of  zinc  in  sul- 
phuric acid  in  presence  of  copper  or  platinum. 

Barium  platinocyanide  BaPt(CN)4.4H20  is 
most  readily  made  by  electrolysing  a solution 
of  barium  cyanide  (270  grams  per  litre)  with 
platinum  electrodes  and  an  alternating  current 
(0*4  ampere  per  sq.  cm.),  about  0'6  gram 
platinum  is  dissolved  per  ampere  hour.  After 
removing  the  excess  of  barium  by  COg  the  solu- 
tion is  concentrated  to  crystallisation  (A. 
Brochet  and  J.  Petit,  Bull.  Soc.  chim.  1904,  [3] 
31  , 630).  The  salt  crystallises  in  monoclinic 
prisms,  which  are  yellow  by  transmitted,  violet- 
blue  by  reflected,  light.  It  dissolves  in  33  parts 
of  water  at  16°.  By  recrystallisation  from  a 
solution  containing  barium  cyanide  it  is  obtained 
in  small  crystals  which  are  highly  fluorescent 
when  exposed  to  X-rays,  and  are  suitable  for 
making  fluorescent  screens  for  X-ray  work. 

Copper  cyanides,  When  potassium  cyanide 
is  added  to  the  solution  of  a cupric  salt,  a 
brownish  precipitate  of  cupric  cyanide  Cu(CN)2 
is  produced,  which  gradually  evolves  cyanogen, 
changing  into  green  cupric  cuprous  cyanide. 
When  heated,  this  loses  a further  quantity  of 
cyanogen  and  yields  white  cuprous  cyanide 
CuCN,  the  constitution  and  reactions  of  which 
appear  to  resemble  those  of  silver  cyanide. 

Cuprous  cyanide  is  soluble  in  solutions  of 
potassium  cyanide,  about  2^  molecules  of  KCN 
being  required  to  dissolve  1 molecule  of  CuCN  ; 
the  solutions  contain  the  complex  anions 
Cu(CN)3"  and  Cu(CN)4'"  (Kunschert,  Zeitsch. 
anorg.  Chem.  41,  359,  1904).  These  anions  are 
so  little  dissociated  into  eopper  ions  that  sul- 


phuretted hydrogen  will  not  produce  a precipi- 
tate in  the  solutions,  and  therefore  copper  itself 
(in  presence  of  oxygen)  and  all  its  compounds  dis- 
soWe  readily  in  cyanide  solutions.  Solutions  of 
the  sodium  or  potassium  cupro- cyanides  are  used 
in  the  electro -deposition  of  copper  on  iron. 

Zinc  cyanide  Zn(CN)2  is  a white  substance, 
insoluble  in  water,  but  soluble  in  acids  and  in 
cyanide  solutions.  It  is  not  easily  prepared  in 
a perfectly  pure  condition,  because  water  de^ 
composes  it  partially.  When  dry  it  is  very 
stable,  decomposing  only  at  a bright-red  heat. 

The  complex  salt  potassium  zinc  cyanide 
K2Zn(CN)4  crystallises  in  large  well-formed 
octahedra  from  aqueous  solutions  ; 100  grams 
of  water  at  20°  dissolve  11  grams  of  it.  It  is 
anhydrous,  and  may  be  fused  at  a red  heat 
without  decomposition.  The  sodium  salt 
NaZn(CN)3,2|H20  is  very  readily  soluble  in 
water.  The  complex  zinc  cyanogen  ions  are 
much  less  stable  than  those  containing  copper, 
gold,  silver,  and  mercury  ; a small  excess  of  an 
alkali  sulphide  precipitates  the  zinc  com- 
pletely. 

Cyanogen  (Ger.  C^an)  C2N2  was  dis- 
covered by  Gay-Lussac.  It  is  prepared  by 
heating  perfectly  dry  mercuric  cyanide  at  a dull 
red  heat,  Hg(CN)2=Hg+C2N2.  A part  of  the 
cyanogen  is  always  polymerised  to  dark-brown, 
non-volatile  paracyanogen.  Paracyanogen  ap- 
pears to  be  the  stable  form  at  ordinary  tempera- 
tures, at  high  temperatures  it  is  converted  into 
cyanogen.  The  velocity  of  the  change  is  very 
small  at  temperatures  below  300°,  so  that 
cyanogen  gas  can  exist  in  the  cold  without 
change. 

Cyanogen  itself  is  a gas  which  burns  with  a 
peach-blossom-coloured  flame.  Liquid  cyanogen 
boils  at  —20 '7°  under  atmospheric  pressure  and 
freezes  at  —34 '4°.  Its  critical  temperature  and 
pressure  are  128*3°  and  59*6  atmos.  respectively 
(Cardoso  and  Baume,  Compt.  rend,  1910,  151, 
141).  Its  heat  of  formation  from  graphite  and 
nitrogen  is  70,000  cals,  per  molecule.  W^ater 
dissolves  4*95  times  its  volume  of  the  gas  at  0°. 
At  18°  the  dissolved  cyanogen  is  hydrolysed  to 
hydrocyanic  and  cyanic  acids,  the  latter  yielding 
ammonia  and  carbon  doxide  so  that  no  definite 
solubility  is  observed  (Naumann,  Zeitsch.  Elek- 
trochem.  16,  772,  1910).  After  some  time  the 
solution  deposits  dark  brown  azulmic  acid  and 
contains  also  oxalic  acid  and  urea.  Cyanogen 
dissolves  in  caustic  alkalis,  yielding  cyanide  and 
cyanate : 2K0H+C2N2=KCN0+KCN+H20. 
Silver  nitrate  solution  has  no  action  on  it.  By 
means  of  these  two  reactions,  it  may  be  separated 
from  hydrocyanic  acid  and  estimated  quantita- 
tively in  mixtures  of  the  two  gases  (Wallis,  Anna- 
len,  345,  353,  1906).  Cyanogen  is  very  poisonous, 

A knowledge  of  the  exact  conditions  under 
which  cyanogen  can  be  formed  from  its  elements 
is  of  interest  in  the  theory  of  several  technical 
processes  for  the  manufacture  of  cyanides. 

Wallis  loc.  cit.  has  shown  that  the  electric 
arc  burning  between  electrodes  of  very  pure 
carbon  in  an  atmosphere  of  nitrogen  produces 
no  cyanogen  at  all.  H.  v.  Wartenberg 
(Zeitsch.  anorg.  Chem.  52,  299,  1907)  pointed 
out,  however,  that  a very  intense  cyano- 
gen spectrum  is  seen,  and  that  carbon  is  de- 
posited at  some  distance  from  the  arc.  Nernst’s 
theorem  indicates  that  very  considerable 
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quantities  of  cyanogen  should  exist  in  equili- 
brium with  carbon  and  nitrogen  at  the  tempera- 
ture of  the  arc  : 

Per  cent.  in  the  gas 
Temperature  calculated  from  Nernst’s  theorem 
2000°  0*01 
2500°  0-9 

3000°  17-0 

3250°  45-0 

The  probable  explanation  is  that  cyanogen  is 
essentially  unstable  at  low  temperatures  ; that 
it  can  exist  at  all  is  due  to  an  excessively  slow 
rate  of  decomposition.  Berthelot  (Force  des 
Matieres  Explosives,  Paris,  1883,  113)  has 

shown  that  it  can  be  detonated  by  mercury 
fulminate,  and,  when  heated,  its  rate  of  de- 
composition becomes  measurable  at  1200°. 
V.  Wartenberg  supposes,  therefore,  that  cyano- 
gen is  really  formed  at  the  high  temperature,  but 
that  it  decomposes  again  completely  before  it 
can  cool  to  temperatures  at  which  it  can  con- 
tinue to  exist.  It  is  obvious  from  the  figures 
given  above  that  the  direct  union  of  carbon  and 
nitrogen  to  cyanogen  can  play  no  part  in  the 
formation  of  cyanides  in  processes  which  are 
carried  out  at  ordinary  furnace  temperatures. 

Cyanogen  chloride  CNCl  is  formed  by  the 
action  of  chlorine  on  mercuric  cyanide  (Serullas, 
Ann.  Chim.  Phys.  1827,  35,  291),  zinc  cyanide 
(A.  Held,  Bull.  Soc.  chim.  1897,  [3]  17,  287),  or 
aqueous  hydrocyanic  acid  (Berthollet,  1787  ; 
A.  Wurtz,  Annalen,  1847,  64,  367).  Alkali 
cyanides  are  unsuitable,  because,  except  in 
cold,  very  dilute  solutions,  they  react  violently 
with  cyanogen  chloride,  yielding  dark-brown, 
amorphous  products.  The  preparation  of  cyano- 
gen chloride  in  considerable  quantities  is  de- 
scribed by  T.  S.  Price  and  S.  J.  Green  (J.  Soc. 
Chem.  Ind.  1920,  39).  A 12  to  15  p.c.  solu- 
tion of  pure  hydrocyanic  acid  is  treated  with 
chlorine  at  about  40°,  the  slow  absorption  of 
chlorine  is  hastened  by  injecting  it  into  the 
solution  of  a finely  divided  condition  through 
porous  earthenware.  The  cyanogen  chloride 
distils  off  as  it  is  formed,  together  with  hydro- 
cyanic acid,  the  product  containing  10-20  p.c. 
of  the  latter.  It  is  purified  by  retreatment 
with  chlorine,  or  by  shaking  it  with  zinc  oxide, 
which  removes  hydrocyanic  acid  almost  com- 
])letely.  Hydrochloric  acid  is  removed  by 
distillation  over  sodium  bicarbonate. 

Cyanogen  chloride  is  a colourless  liquid, 
which  boils  at  12'66°,  760  mm.,  and  solidifies  at 
—8°.  Its  vapour  pressure  (mm.)  is  : 68 '3  at 
-30°;  148-2  at  -20°;  270-5  at  -10°;  441-1 
at0°  ; 681-9  at  10°;  1001-9  at  20°;  1427*4  at 
.30°;  1988-0  at  40°;  2719*3  at  50°;  3664*2  at 
60 ; 4873*2  at  70°  (Begnault).  The  vapour 

attacks  the  eyes  violently.  The  cold,  saturated 
, aqueous  solution  contains  about  6 p.c.  CNCl. 
The  heat  of  formation  of  liquid  CNCl  from  its 
elements  is  —26*9  cals,  per  molecule.  Dry 
cyanogen  chloride  may  be  preserved  indefinitely 
when  pure  ; in  presence  of  hydrochloric  acid 
it  polymerises  to  cyanuric  chloride  C3N3CI3. 
Aqueous  hydrochloric  acid  (stronger  than  about 
2N)  hydrotyses  it  thus  ; 

CNC1+2H20=NH4C1+C02 

Its  behaviour  towards  alkalis  is  the  same  as 
that  of  cyanogen  bromide  described  below. 
Hydriodic  acid  hardly  attacks  it  in  the  cold, 


and  it  is  without  action  on  metals,  such  as  iron 
and  copper,  at  ordinary  temperatures. 

Cyanogen  bromide  CNBr.  A solution  con- 
taining cyanogen  bromide  in  addition  to  a 
cyanide  dissolves  gold  more  rapidly  than  one 
containing  cyanide  alone  (Sulman  and  Teed, 
Eng,  Pat.  18592,  of  1894  ; and  J.  Soc.  Chem.  Ind. 
1897,  961).  Cyanogen  bromide  is  therefore  used 
in  the  treatment  of  a few  refractory  ores,  the 
West  Australian  tellurides  especially.  The  final 
result  of  the  reaction  is  expressed  by  the  equa- 
tion : 2Au+3KCN+BrCN=2KAu(CN)2+KBr. 

Cyanogen  bromide  is  formed  by  the  action 
of  bromine  on  a cyanide  or  on  hydrocyanic  acid. 
Owing  to  the  difficulty  of  transporting  either 
bromine  or  cyanogen  bromide,  it  is  always  pre- 
pared at  the  place  where  it  is  to  be  used  by 
liberating  bromine  from  a mixture  of  a bromide 
and  a suitable  oxidising  agent  by  the  addition  of 
sulphuric  acid,  and  then  adding  a concentrated 
solution  of  an  alkali  cyanide.  By  the  use  of  a 
suitable  quantity  of  the  oxidising  agent,  the 
whole  of  the  bromine  is  utilised ; with  sodium 
bromate,  for  example,  the  reaction  is  (C.  Gopner, 
Zeitsch.  angew.  Chem.  1901,  14,  355)  : 
2NaBr-fNaBr03+3NaCN+3H2S04 

=3Na2S04-f3BrCN+3H20 

Cyanogen  bromide  is  a colourless,  crystalline 
substance,  which  melts  at  52°  and  boils  at  61°  ; 
100  grams  of  water  dissolve  from  5 to  6 grams 
of  it  at  the  ordinary  temperature.  It  has  an 
intensely  irritating  effect  on  the  mucous  mem- 
branes and  eyes,  and  is  said  to  be  very  poisonous. 
The  perfectly  pure  substance  can  be  kept 
without  change,  but  traces  of  bromine  (or 
hydrobromic  acid)  cause  it  to  polymerise  rapidly 
to  cyanuric  bromide,  partial  decomposition 
always  occurring.  It  is  very  slowly  decomposed 
by  water:  CNBr+HgO^HCNO  + HBr,  the 
cyanic  acid  decomposing  further  to  ammonia 
and  carbon  dioxide.  Caustic  alkalis  bring  about 
the  same  change  instantaneously,  alkali  car- 
bonates much  more  slowly,  and  bicarbonates 
have  no  action  at  all.  Cyanogen  bromide  and 
potassium  cyanide  react  in  aqueous  solution, 
yielding  cyanogen  ; thus  : 

CNBr+KCN-KBr+CgNg 
(private  communication  from  Mr.  C.  J.  Ellis). 
In  solutions  containing  0*2  to  0*8  p.c.  of  potas- 
sium cyanide  and  0*1  to  0*2  p.c.  of  cyanogen 
bromide,  the  latter  is  completely  decomposed  in 
from  3 to  6 hours  at  the  ordinary  temperature. 

In  aqueous  solution  cyanogen  bromide  reacts 
with  hydriodic  acid  and  with  sulphuretted 
hydrogen  according  to  the  equations  : 

CNBr-f2HI=HCN+HBr-fl2 
and  CNBr+HaS^HCN-fHBr-fS 
The  first  reaction  provides  a convenient  method 
for  the  quantitative  estimation  of  cyanogen 
bromide.  Chattaway  and  Wadmore  (Chem. 
Soc.  Trans.  1902,  191)  have  shown  that  these 
reactions  are  characteristic  of  compounds  in 
which  the  halogen  atom  is  directly  linked  with 
nitrogen,  and  that  cyanogen  bromide  therefore 
has  the  constitution  C : N.Br. 

Cyanamide  NHg-CN  was  first  prepared  by 
the  action  of  ammonia  on  an  ethereal  solution 
of  cyanogen  chloride  (Cloez  and  Cannizzaro, 
Compt.  rend.  1851,  32,  62)  ; ammonium  chloride 
crystallises  out  and  cyanamide  remains  when 
the  ether  is  evaporated.  The  same  reaction 
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occurs  in  aqueous  solution.  The  formation  of 
the  disodium  salt,  NagCNo,  by  the  action  of 
sodamide  on  carbon  or  on  sodium  cyanide  has 
already  been  described.  The  same  substance 
is  also  produced  when  sodamide  acts  on  sodium 
cyanate,  sodium  carbonate  or  carbon  dioxide  at 
a low  red  heat ; it  is  also  formed  when  either 
sodium  cyanate  or  sodium  cyanide  is  fused  with 
sodium  hydroxide. 

The  calcium  and  barium  salts,  CaCNg  and 
BaCNa,  may  be  prepared  from  nitrogen  and 
the  carbides,  by  heating  the  corresponding 
ferrocyanide  or  by  heating  the  carbamates  or 
cyanates  to  redness  (Drechsel,  J.  pr.  Chem. 
1877,  [2]  16,  188  ; 1880,  [2]  21,  77)  thus  ; 

Ca(0C0NH,)2=CaCN2+2H20+C02 

and  Ca(0CN)2=CaCN2+C02 

Cyanamide  is  also  obtained  by  the  action  of 
mercuric  oxide  on  a solution  of  thiourea : 

CS(NH2)2+Hg0=NH2CN+HgS+H20 

Several  guanidine  derivatives  yield  cyanamide 
when  boiled  with  water  or  alkalis,  for  example, 
nitroso  guanidine  decomposes  thus  ; 

/NH2  /NH2 

C:NH  = C:N  +N2+H2O 
\NH.NO 

(Thiele,  Annalen,  1893,  273,  136). 

Cyanamide  is  easily  prepared  from  the  di- 
sodium salt  by  neutralising  its  cold,  aqueous 
solution  with  nitric  acid,  and  evaporating  to 
dr3mess  on  the  water  bath  in  a vacuum  ; the  dry 
residue  is  extracted  with  ether.  Werner  (Chem. 
Soc.  Trans.  1916,  1323)  describes  a convenient 
method  of  preparing  it  from  the  readily  accessible 
calcium  salt ; 100  grams  are  mixed  with  125  gr. 
of  acetic  acid  and  120  gr.  of  water,  the  mixture 
well  kneaded  and  left  for  24  hours.  The  friable 
mass  is  then  powdered  and  extracted  with  ether  in 
a Soxhlet  apparatus.  Yield  94-96  p.c.  of  theory. 

Cyanamide  forms  colourless,  deliquescent 
crystals  which  melt  at  43°-44°  (E.  Colson,  Chem. 
Soc.  Trans.  1917,  555),  it  is  readily  soluble 
in  water,  alcohol  and  ether,  very  sparingly 
soluble  in  carbon  disulphide,  benzene,  and 
chloroform.  When  heated  it  polymerises  very 
readily  to  dicyanodiamide,  NH2.(C:NH).NH.CN, 
it  boils  at  140°  at  19  mm.,  much  melamine 
being  left  behind ; the  neutral  acjueous 
solution  possesses  considerable  stability, 
but  polymerisation  occurs  in  presence  of 
either  acids  or  alkalis.  The  process  has 
been  studied  carefully  by  Morrell  and 
Burgen  (Chem.  Soc.  Trans.  1914,  576)  and  by 
Grube  and  Kruger  (Zeitsch.  phys.  Chem.  1914, 
86,  65),  who  find  that  in  alkaline  solutions  the 
reaction  takes  place  between  undissociated 
cyanamide  molecules  and  cyanamide  ions, 
H2CN2+HCN2'=H3C2N4'.  The  rate  of  polymeri- 
sation is  therefore  a maximum  when  one -half 
of  the  cyanamide  is  in  the  ionised  form,  a 
condition  which  is  practically  attained  when  a 
quantity  of  a strong  base  (soda  or  lime)  equiva- 
lent to  one-half  of  the  cyanamide  is  added,  the 
salts  of  a weak  base  such  as  ammonia  being 
largely  hydrolysed,  the  necessary  concentration 
of  cyanamide  ion  is  not  readily  attained,  and 
weak  bases,  therefore,  have  a much  smaller 
polymerising  action  than  strong  ones. 

The  action  of  acids  is  more  complicated, 
polymerisation  and  hydrolysis  to  urea  occurring 


simultaneously.  According  to  Carlson  (Zeitsch. 
angew.  Chem.  1914,  27,  724)  cyanamide,  treated 
with  10  to  20  p.c.  sulphuric  acid,  is  converted 
almost  wholly  into  urea  at  the  ordinary  tempera- 
ture, whereas  near  the  boiling-point  polymeri- 
sation predominates.  In  acid  solutions  the 
reaction  is  further  complicated  by  the  hydrolysis 
of  the  dicyanodiamide  to  dicyanodiamidine 
NH,*(C : NH)NH-CN-f  H2O 

-NH2(C  : NH)-NH  C0  NH2 

a strong  base  which  neutralises  the  acid. 

Cyanamide  is  an  extremely  weak  acid,  its 
dissociation  constant,  for  H2CN2  = II’-f-IICN2^ 
is  of  the  order  10-^^  (Grube  and  Kruger).  The 
sodium  salt  NaHCNg  crystallises  from  a solution 
of  cyanamide  in  absolute  alcohol  when  sodium 
ethylate  is  added  to  it,  but  the  salt  Na^CNa 
can  only  be  prepared  by  one  of  the  dry 
fusion  methods  mentioned  above.  The  calcium 
salt  CaCNg  also  decomposes  when  treated 
with  water  yielding  a solution  of  Ca(HCN2)2; 
The  silver  salt  Ag2CN2  is  a canary-yellow 
precipitate  obtained  by  adding  a solution  of 
silver  nitrate  to  a dilute  ammoniacal  solution 
of  cyanamide ; it  is  readily  soluble  in  cold 
dilute  nitric  acid.  The  lead  salt  PbCN2  is  an 
orange-yellow  precipitate.  Cyanamide,  also  com- 
bines with  acids  ; a white  crystalline  substance 
Il2CN2'2HCl  is  formed  when  dry  hydrochloric 
acid  is  passed  into  a solution  of  cyanamide  in 
dry  ether  (Mulder  and  Smit,  Ber.  1874,  7,  1634). 

Cyanic  acid  HCNO  is  prepared  by  distilling 
cyanuric  acid  (Wohler)  or  by  warming  urea 
with  phosphorus  pentoxide  (Weltzien,  Annalen, 
1858,  107,  219)  and  condensing  the  vapour^at 
— 18°.  It  is  a volatile  liquid,  the  smell  of  which 
resembles  that  of  strong  acetic  acid.  It  is 
extremely  unstable,  changing  rapidly  even  at 
0°  into  the  white  amorphous  polymeric  sub- 
stance cyamelide.  The  solution  in  dry  ether 
is  comparatively  stable.  The  interesting  re- 
lationship of  cyanic  acid  HCNO,  cyanuric  acid 


(HCNO) 3,  and  cyamelide  (HCNO)a;,  has  been 
studied  by  Troost  and  Hautefeuille  (Compt.  rend. 
1868,  67,  1340),  van’t  Hoff  and  van  Deventer 
(Studies  in  Chem.  Dynamics,  1896).  The  dia- 
gram represents  the  approximate  relative  posi- 
tions of  the  vapour  pressure  curves  of  cyanic  acid 
(HCNO),  cyanuric  acid  (HCNO)^,  and  cyamelide 
(HCNO)a;,  all  of  which  yield  the  same  vapour. 

(The  few  points  determined  experimentally 
are  indicated  by  small  circles.)  At  the  triple 
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point  A (150°  and  50  mm.)  the  two  solid  phases 
cyamelide  and  cyanuric  acid  coexist  together 
with  the  vapour  phase.  Above  150°  cyanuric 
acid  is  the  stable  phase  (vapour  pressure  curve 
AC),  at  lower  temperatures  cyamelide  (curve  fab) 
is  stable.  The  position  of  the  vapour  pressure 
curve  of  cyanic  acid  itself  (very  roughly  indicated 
by  de)  shows  that  cyanic  acid  is  quite  unstable 
relatively  to  cyamelide.  If  the  curve  db  cuts 
the  curve  ab  and  ao  the  points  of  intersection 
would  represent  the  melting-points  of  cyamelide 
and  cyanuric  acid  respectively.  They  obviously 
lie  at  temperatures  at  which  these  substances 
decompose. 

In  aqueous  solution  cyanic  acid  is  hydrolysed, 
slowly  in  cold  dilute  solutions,  rapidly  when 
warmed,  to  ammonia  and  carbon  dioxide, 
HCNO  + HaO^NHg+COg. 

The  formation  of  cyanates  by  the  action  of 
cyanogen  on  alkalis,  by  oxidation  of  cyanides 
by  the  action  of  alkalis  on  cyanogen  bromide, 
and  from  carbon  monoxide  and  ammonia,  has 
already  been  described. 

Ammonium  cyanate  NH^-CNO  is  prepared 
in  the  form  of  a white  snow,  by  mixing  the 
vapours  of  cyanic  acid  and  ammonia  well 
diluted  with  an  indifferent  gas.  When  warmed 
it  is  converted  into  urea  NH4CNO=CO(NH2)2. 
The  same  reaction  occurs  in  aqueous  solutions, 
in  which,  however,  it  is  reversible,  3 '2  p.c.  of 
the  cyanate  remaining  unchanged  at  32°  and 
65  p.c.  at  100^  (Walker  and  Hambly,  Chem.  Soc. 
Trans.  1895,  746). 

Potassium  and  Sodium  cyanates  KCNO  and 
NaCNO  are  easily  prepared  by  grinding  to- 
gether the  dry  cyanides  and  the  theoretically 
necessary  quantity  of  lead  oxide,  and  heating 
the  mixture  gently  until  the  lead  is  melted. 
The  salt  is  then  recrystallised  from  water  or 
dilute  alcohol.  According  to  Paterno  and 
Pannain  (Gazz.  chim.  ital.  1904,  34,  ii.  152) 
when  a solution  of  4 to  6 mols.  KCN  and  1 mol. 
KOH  per  litre  is  electrolysed  with  4-6  volts  and 
1-4  amps,  per  sq.  dcm.  of  anode  surface  and 
the  solution  at  the  anode  agitated,  the  cyanide 
is  oxidised  almost  quantitatively  to  cyanate. 
J.  Milbauer  (Zeitsch.  anorg.  Chem.  1904,  42, 
433)  observed  that  potassium  sulphocyanide, 
when  heated  at  300°  with  lead  oxide,  gave 
cyanate  thus  : KSCN+PbO=KCNO+PbS. 

The  decomposition  of  the  alkali  cyanates  at 
high  temperatures  and  their  reduction  by  carbon 
are  described  above. 

Potassium  cyanate  crystallises  in  thin  trans- 
parent plates  of  sp.gr.  2 ‘05,  readily  soluble  in 
water,  and  anhydrous  ammonia,  insoluble  [in 
absolute  alcohol,  and  fusible  without  decompo- 
sition below  a red  heat. 

Sodium  cyanate.  100  grams  of  water  at  16° 
dissolve  10’68  grams ; it  fuses  without  decom- 
position about  500°.  Lead  cyanate  is  a crystal- 
line precipitate,  which  is  formed  when  solutions 
of  a soluble  cyanate  and  of  a lead  salt  are  mixed. 
The  dry  salt  is  stable,  but  it  decomposes  when 
boiled  with  water,  yielding  urea  and  lead 
carbonate. 

Silver  cyanate  is  very  slightly  soluble  in  cold 
water,  100  c.c.  at  12°  dissolve  0’006  gram.,  but 
it  is  much  more  soluble  in  hot  water.  It  is 
readily  soluble  in  aqueous  ammonia,and  sparingly 
soluble  in  cold  dilute  nitric  acid. 


Sulphocyanides  or  Thiocyanates.  (Ger. 

Rhodanide  or  Schwefelcyanide.) 

At  the  present  time  sulphocyanides  are  ob- 
tained exclusively  from  the  hydrocyanic  acid  of 
coal  gas,  but  a modification  of  Gelis’  synthetic 
process  was  working  in  1907. 

A.  W.  Hofmann  (Reports  by  the  Juries, 
Inter.  Exhib.  of  1862,  59-63),  said  that  at  that 
time  ammonium  sulphocyanide  obtained  by 
washing  the  spent  oxide  of  gasworks  was  only 
treated  to  recover  its  ammonia,  the  sulpho- 
cyanide being  thrown  away.  In  1863  P, 
Spence  (Eng.  Pat.  2364  of  1863  (provisional 
only))  proposed  to  separate  the  sulphocyanides 
in  gas  liquor  (after  distilling  ofi  the  ammonia) 
in  the  form  of  cuprous  sulphocyanide  by  adding 
copper  and  ferrous  sulphates,  and  the  idea  has 
been  revived  in  various  forms  since  that  time, 
but  it  does  not  appear  to  have  become  of  any 
importance.  Gas  liquor  is  really  a very  dilute 
solution  of  sulphocyanide,  as  the  following 
figures,  calculated  from  Linder’s  analyses  of 
various  English  gas  liquors  (Chief  Inspector  of 
Alkali  Works,  42nd  Rep.  1905,  35),  show  : — 

Grams  per  litre 
1 2 3 4 5 

HCN  as  ferrocyanide  . 0'068  0 0’576  0'460  0 

HCN  as  sulphocyanide  . 1-688  4-457  1-238  1-029  1-042 

HCN  as  hydrocyanic  acid  0-680  0 0.030  0-050  0-355 

These  liquors  had  all  been  stored  for  some 
time  : perfectly  fresh  gas  liquor  contains  am- 
monium sulphide  and  cyanide.  By  the  action 
of  the  air,  the  former  is  oxidised  to  ammonium 
polysulphides,  which  convert  the  cyanide  into 
sulphocyanide ; thus  ; 

(NH4)2S2+NH4CN=NH4SCN+(NH4)2S 

The  recovery  of  the  whole  of  the  hydrocyanic 
acid  of  coal  gas  in  the  form  of  a concentrated 
solution  of  ammonium  sulphocyanide  is  possible 
by  applying  this  reaction  in  a suitable  way. 

A very  large  part  of  the  gas  liquor  produced 
is  distilled  and  the  gases  evolved,  consisting  of 
ammonia,  carbon  dioxide,  sulphuretted  hydrogen, 
and  a little  hydrocyanic  acid,  passed  into  sul- 
phuric acid  for  the  production  of  ammonium 
sulphate.  The  unabsorbed  gases,  mixed  with 
steam,  are  first  cooled,  which  yields  an  aqueous 
solution  of  hydrocyanic  acid  and  sulphuretted 
hydrogen,  known  as  ‘ Devil  liquor,’  which  is  run 
to  waste. 

The  cooled  gases  are  passed  usually  into  a 
heap  of  ferric  hydroxide,  in  order  to  absorb  the 
sulphuretted  hydrogen,  or  occasionally  they  are 
burned  in  a Claus  kiln,  in  which,  as  Carpenter 
has  shown,  the  hydrocyanic  acid  is  converted 
by  steam  into  ammonia. 

The  waste  liquors  from  the  ammonia  stills 
contain  relatively  considerable  quantities  of 
calcium  sulphocyanide  (about  0-15  p.c.  SCN) 
and  phenols,  and  are  usually  discharged  into 
sewers.  Frankland  and  Silvester  (J.  Soc.  Chem. 
Ind.  1907,  231),  and  Fowler,  Ardern  and  Lockett 
{ibid.'\*d\\,  174), have  published  detailed  accounts 
of  the  bacterial  oxidation  of  these  impurities  in 
the  septic  tank  system  of  sewage  treatment. 
It  appears  that  sulphocyanides  are  practically 
completely  oxidised  in  the  contact  beds,  if 
sufficient  time  is  allowed.  Fowler  and  Holton 
(J.  Soc.  Chem.  Ind.  1911,  180)  have  shown  that 
92-98  p.c.  of  the  impurities  in  the  ammonia 
still  effluent  can  be  oxidised  by  allowing  it. 
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after  dilution  to  one -tenth  of  its  original  strength, 
to  trickle  through  a column  of  clinker  inoculated 
with  bacterial  material  from  a contact  bed  of  a 
sewage  work  ; one  cubic  yard  of  filter  is  required 
for  10  galls,  per  day  of  effluent. 

Synthesis  of  sulphocyanides  from  ammonia 
and  carbon  disidphide. — In  Gelis’  original  process 
(A.  W.  Hofmann,  Reports  by  the  Juries,  Inter. 
Exhib.  of  1862,  59-63  ; A.  Gelis,  Eng.  Pat.  1816 
of  1860),  a concentrated  solution  of  ammonia 
and  ammonium  sulphide  was  agitated  with 
carbon  disulphide,  yielding  a solution  of  am- 
monium sulphocarbonate 

(NH4)2S+CS2=(NHJ2CS3 
which  was  then  heated  to  90°-100°  with  potas- 
sium sulphide 

2(NH4)2CS3 + KgS =2KCNS  + 22NH4HS + 3H2S 
A very  large  amount  of  sulphuretted  hydrogen  is 
produced  in  this  way,  the  disposal  of  which  would 
occasion  much  trouble  and  expense.  Giinsburg 
and  Tchernkiac  (Eng.  Pat.  1148  of  1878;  1359 
of  1879  ; 1261  of  1881)  heated  a 20  p.c.  solution 
of  ammonia  wdth  carbon  disulphide  in  autoclaves 
provided  with  stirrers  at  100°  until  a pressure 
of  15  atmos.  was  reached,  which  indicated  the 
end  of  the  reaction.  As  Conroy  (J.  Soc.  Chem. 
Ind,  1896,  15,  8)  has  shown,  ammonium  sulpho- 
cyanide  is  formed  quantitatively  under  these 
conditions,  the  large  pressure  developed  being 
due  to  the  formation  of  the  volatile  ammonium 
sulphide  4NH3-fCS2=NH4SCN+(NH4)2S. 

Subsequent  improvements  were  all  in  the 
direction  of  diminishing  the  quantity  of  am- 
monia required  and  reducing  the  pressure  in  the 
autoclaves.  The  simplest  and  most  effective 
way  of  doing  this  is  to  add  lime  to  the  charge 
(Crowther  and  Rossiter,  Eng.  Pat.  17846  of 
1893  ; Brock,  Hetherington,  Hurter,  and 
Raschen,  Eng.  Pat,  21451  of  1893),  the  reaction 
, then  fcakingplace  in  accordance  wdth  the  equation : 

2NH3-f2CS2+2Ca(OH)2 

=Ca(SCN)2+Ca(SH)2+4H20 

A certain  excess  of  ammonia  over  the 
quantity  required  by  the  equation  must  be  used 
to  prevent  the  formation  of  calcium  sulpho- 
carbonate. The  excess  of  ammonia  is  distilled 
off,  the  residual  mixture  treated  wdth  carbon 
dioxide  to  remove  sulphuretted  hydrogen  (in  the 
way  used  in  the  treatment  of  Leblanc  alkali 
waste),  and  the  calcium  carbonate  filtered  off. 
The  clear  solution  of  calcium  sulphocyanide  is 
easily  converted  into  other  salts. 

The  PnrNcrPAL  Sulehocyanides. 

Potassium  sulphocyanide  KSCN  crystallises 
in  anhydrous,  striated  prisms  or  needles  of  sp.gr. 
L9,  which  melt  at  172 '3°.  It  resembles  salt- 
petre  in  appearance  and  taste.  It  is  deli- 
quescent and  very  soluble  in  water,  100  grams  of 
which  dissolve  177'2  grams  at  0°,  217  grams  at 
20°,  and  239  grams  at  25°,  It  is  also  soluble  in 
anhydrous  ammonia  and  in  many  organic  liquids. 
The  solubilities  (in  grams  per  100  grams  of 
solvent)  are  : 

Acetone,  20 ’8  at  22°  ; 20*4  at  58°. 

Ethyl  acetate,  0’44  at  0°  ; 0’4  at  14°  ; 0*2  at 
79°. 

Amyl  alcohol,  0‘18  at  13°  ; 2 '14  at  100°. 

Pyridine,  6*75  at  0°;  4'97  at  58°,  and  3’21 
at  115°. 


The  fused  salt  becomes  deep  blue  at  430°  ; 
the  colour  is  said  to  be  due  to  the  liberation  of 
sulphur.  The  sulphocyanides  are  plant  poisons. 
Frankland  and  Silvester  found  that  gold-fish 
were  not  affected  in  24  hours  by  quantities  of 
potassium  sulphocyanide  up  to  260  parts  SON 
per  100,000  of  water,  but  even  as  little  as  10 
parts  of  SON  per  100,000  is  sufficient  to  stop 
the  multiplication  of,  and  eventually  to  kill, 
Bacillus  coli  communis. 

Ammonium  sulphocyanide  NH4SCN  crystal- 
lises in  anhydrous,  colourless  leaflets  of  sp.gr. 
1 *3,  which  melt  at  159° ; 100  grams  of  water 
dissolve  122  grams  at  0°  and  162  grams  at  20°  ; 
it  is  readily  soluble  in  alcohol.  When  heated  a 
little  above  its  melting-point,  it  is  partly  con- 
verted into  the  isomeric  thiourea.  At  220° 
decomposition  takes  place,  ammonia,  sul- 
phuretted hydrogen,  and  carbon  disulphide  being 
evolved,  and  guanidine  sulphocyanide  remaining 
behind. 

Thiocyanogen  is  obtained  by  the  action  of 
a solution  of  a halogen  in  an  anhydrous  solvent 
on  a suitable  thiocyanate  ; a dry  ethereal  solu- 
tion of  bromine  cooled  to  0°  and  lead  thiocyanate 
give  good  results.  By  cooling  an  approximately 
N/2-solution  in  carbon  disulphide  to  — 70° 
thiocyanogen  is  obtained  in  almost  colourless 
crystals,  melting  at  —3°  to  —2°,  and  decom- 
posing at  the  ordinary  temperature.  In  its 
chemical  behaviour  thiocyanogen  resembles  the 
halogens ; it  is  at  least  as  strongly  electro- 
negative as  iodine.  The  molecular  weight  has 
not  yet  been  determined,  but  the  constitution 
of  thiocyanogen  is  probably  CN — S — S — CN 
(E.  Soderback,  Annalen,  1919,  419,  217). 

Analysis  oe  Cyanides. 

The  methods  of  analysis  described  here  are 
those  commonly  employed  in  technical  labora- 
tories. 

Detection  of  hydrocyanic  acid. — The  material 
is  distilled  with  an  acid  and  the  distillate  ex- 
amined. The  Prussian  blue  test  may  be  applied 
by  evaporating  the  solution  (after  the  addition 
of  a little  sodium  hydroxide)  in  vacuo  at  tem- 
perature below  70°,  to  1 c.c.  ; 0*2  c.c.  of  3 p.c. 
FeS04  and  0*05  gram  KF  are  added,  and,  after 
10  minutes,  a small  excess  of  30  p.c.  HNO3. 
The  blue  colour  is  compared  with  that  produced 
by  a known  quantity  of  KCN  under  similar 
conditions  (A.  Viehoever  and  C.  0.  Johns, 
J,  Amer.  Chem.  Soc.  1915,  37,  601).  The 
sulphocyanide  test  is  also  characteristic  ; the 
distillate  containing  0‘l-8  milligrams  HCN  is 
made  alkaline  with  KOH,  treated  with  1 c.c. 
ammonium  polysulphide  solution  and  evaporated 
to  dryness.  The  residue  is  extracted  with 
acetone,  which  dissolves  KSCN  only.  After 
removing  the  acetone  by  evaporation  the « 
aqueous  solution  of  the  residue  is  treated  with 
2 c.c.  of  0'5  p.c.  FeClg,  and  the  colour  matched 
by  means  of  a standard  sulphocyanide  solution 
(M.  0.  Johnson,  J.  Amer.  Chem.  Soc.  1916,  38, 
1230).  Ferric  sulphocyanide  may  be  extracted 
from  the  aqueous  solution  by  ether ; meconic 
acid  gives  a similar  colouration  in  ether,  which, 
however,  is  not  destroyed  by  10  p.c.  AUCI3 
(P.  Lavialle  and  L.  Varenne,  J.  Pharm.  Chim. 
1915,  12,  74). 

Other  sensitive  colour  tests  have  the  dis- 
advantage that  they  may  be  produced  by 
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substances  other  than  HCN.  An  alkaline  solu- 
tion of  picric  acid  yields  a reddish -violet  coloura- 
tion with  NaCN,  which  is  due  to  sodium  iso- 
purpurate  C6H2(.N02)2'N(CN)2‘0Na,  when  excess 
of  cyanide  is  used,  but  to  amino -nitro -phenols 
when  picric  acid  is  in  excess,  as  is  usually  the 
case  (A.  C.  Chapman,  Analyst,  1910,  35,  469). 
The  liquid  to  be  tested  is  mixed  with  an  equal 
volume  of  a solution  containing  0'05  p.c.  picric 
acid  and  0*5  p.c.  NagCOg,  and  digested  at  40° 
for  1 hour.  The  colour  is  then  compared  with 
that  produced  by  a standard  HCN  solution  ; 

1 part  of  HCN  in  500,000  parts  water  can  be 
detected  (A.  D,  Waller,  Proo.  Roy.  Soc.  1910, 
B.  82,  574). 

The  cyanogen  liberated  by  the  action  of  HCN 
or  a cupric  salt  oxidises  many  substances  to 
coloured  products,  the  tests  are  highly  sensitive, 
but  uncertain  owing  to  the  difficulty  of  excluding 
other  oxidising  agents.  For  details,  see  Thiery 
(phenolphthalin),  J.  Pharm.  Chim.  1907,  25 
51  ; C.  Pertusi  and  E.  Gastaldi  (benzidine), 
Chem.  Zeit.  1913,  37,  609;  G.  W.  Anderson 
(guaiacum),  J.  Soc.  Chem.  Ind.  1917,  36,  195  ; 
J.  Moir.  and  J.  Gray,  J.  Chem.  Met.  and  Min. 
Soc.  S.  Africa,  1910,  11,  152;  and  J.  Moir, 
Chem.  Soc.  Proc.  1910,  26,  115  (hydrocoerulig- 
none,  tolidihe,  dianisidine). 

Alkali  cyanides.  Owing  to  the  hygroscopic 
nature  of  sodium  and  potassium  cyanides  when 
cold,  samples,  taken  from  different  parts  of  a 
cake,  should  be  transferred  at  once  and  without 
touchinof  them  with  the  hands  to  a hot  iron 

O 

mortar,  broken  up  coarsely,  and  transferred  to  a 
hot  perfectly  dry  bottle.  If  the  sample  has  to 
be  kept  for  any  length  of  time  before  it  is 
analysed,  it  is  preferable  to  use  glass -stoppered 
bottles  and  to  grease  the  stopper  with  a little 
vaseline.  Errors  due  to  absorption  of  moisture 
in  sampling  are  more  common  and  more  serious 
than  those  due  to  inaccuracies  in  testing. 

Estimation  of  cyanogen. — 5 grams  of  the 
sample  are  weighed  out  and  made  up  to  500  c.c.  ; 
25  c.c.  of  the  solution  are  diluted  to  200-300  c.c. 
and  titrated  with  a solution  of  pure  silver 
nitrate  until  the  faintest  visible  turbidity 
results.  The  silver  nitrate  must  be  neutral  and 
free  from  lead  and  zinc  especially.  A con- 
venient strength  of  solution  is  obtained  by 
dissolving  13‘1  grams  of  silver  nitrate  in  1 litre 
of  distilled  water  : 1 c.c.  of  this  solution  is 

equivalent  to  O'Ol  gram  of  KCN.  The  solution 
is  standardised  by  means  of  a solution  of  pure 
sodium  chloride  (dried  by  heating  to  redness 
before  weighing)  containing  4 '487  grams  per 
litre  ; 1 c.c.  of  the  silver  solution  should  exactly 
precipitate  1 c.c.  of  the  sodium  chloride  solution 
using  pure  potassium  chromate  as  indicator.  In 
impure  solutions  of  cyanides,  the  end  point  is 
often  more  easily  observed  if  a little  caustic 
soda  (or  a few  drops  of  ammonia)  and  a crystal 
of  potassium  iodide  are  added  before  running  in 
the  silver  nitrate  solution.  Sulphides  interfere 
with  the  test,  but  they  are  easily  removed  by 
shaking  the  solution  with  a little  lead  carbonate 
and  filtering  it. 

Estimation  of  sulphide. — 10  grams  of  the 
finely  powdered  sample  are  dissolved  in  15  c.c. 
of  ordinary  water  and  a solution  of  lead  nitrate 
(2 '4  grams  per  litre)  run  in  gradually.  The 
mixture  is  stirred  until  the  colloidal  lead  sulphide 
at  first  formed  has  coagulated  into  brown  flocks  ; 


a drop  of  the  solution  is  then  placed  on  blotting 
paper  beside  a drop  of  the  lead  nitrate  solution, 
and  the  two  allowed  to  run  together.  When  no 
difference  can  be  detected  between  the  colour  of 
the  paper  where  the  drops  have  mixed  and  where 
they  have  not,  the  titration  is  considered  to  be 
at  an  end ; 1 c.c.  of  the  lead  solution=0'001 
gram  of  K2S  (T.  Ewan,  J.  Soc.  Chem.  Ind.  28, 
10,  1909  ; Rossiter,  ibid.  30,  583,  1911). 

Water  is  estimated  by  weighing  out  about 
1 gram  of  the  coarsely  powdered  sample  into  a 
small  distilling  flask  (10-20  c.c.)  which  is  then 
evacuated  by  a good  water  pump  or  preferably 
by  a mercury  pump.  The  sample  is  then 
warmed,  gently  at  first,  and  finally  to  200°-300°. 
The  whole  of  the  moisture  is  expelled  in  a few 
minutes  without  appreciable  decomposition  of 
the  cyanide. 

Carbonate  is  conveniently  estimated  by 
precipitating  a suitable  portion  of  the  solution 
with  barium  chloride  in  the  cold  (to  avoid  de- 
composition of  cyanate).  The  precipitate  is 
washed  and  titrated,  together  with  the  paper, 
with  normal  hydrochloric  acid  and  methyl 
orange. 

Chloride.  The  solution  is  neutralised  with 
dilute  nitric  acid,  and  methyl  orange  and  boiled 
for  about  1 hour  (in  a draught  cupboard,  of 
course)  to  drive  off  the  hydrocyanic  acid  and 
decompose  cyanate.  The  chloride  remaining 
(Richards  and  Singer,  Amer.  Chem.  J.  27,  205, 
1902)  is  then  precipitated  by  a known  excess  of 
standard  silver  nitrate  solution,  the  silver  chlor- 
ide filtered  off  and  the  excess  of  silver  titrated 
with  ammonium  sulphocyanide  and  iron  alum 
in  the  usual  way. 

If  ferrocyanide  is  present,  it  may  be  precipi- 
tated with  excess  of  silver  nitrate  in  ammoniacal 
solution ; by  acidifying  the  filtrate  with  nitric 
acid,  silver  chloride  is  precipitated  and  may  be 
weighed. 

Cyanamide  in  presence  of  alkali  cyanides  is 
easily  estimated  by  exactly  neutralising  the 
solution  of  1 gram  of  the  substance  in  100  to 
150  c.c.  of  water  with  nitric  acid,  and  then 
boiling  for  20  minutes  to  expel  hydrocyanic  acid. 
After  cooling,  2 or  3 drops  of  ammonia  are 
added,  and  then  excess  of  silver  nitrate.  The 
canary-yellow  precipitate  of  silver  cyanamide 
AggCNg  is  filtered  off  and  dissolved  in  cold 
dilute  nitric  acid  (which  usually  leaves  a small 
residue  of  undissolved  silver  cyanide).  The 
silver  in  the  solution  is  then  titrated  by  means 
of  ammonium  sulphocyanide,  using  ferric  alum 
as  indicator.  The  method  is  applicable  to  most 
substances  containing  cyanamide,  the  boiling 
with  acid  being,  of  course,  omitted  when  little 
or  no  cyanide  is  present. 

When  cyanamide  is  the  principal  constituent 
this  method  is  insufficiently  accurate,  because 
the  composition  of  the  precipitate  is  not  exactly 
that  required  by  the  formula  Ag2CN2,  the  silver 
content  depending  to  a small  extent  on  the 
excess  of  silver  nitrate  used  in  precipitation. 
Caro  (Zeitsch.  angew.  Chem.  1910,  23,  2405) 
has  shown,  however,  that  it  contains  the  whole 
of  the  cyanamide  nitrogen,  wliich  is  very  readily 
estimated  by  Kjeldahl’s  method. 

Cyanate.  The  solution  is  acidified  with 
nitric  acid  and  boiled  for  20  minutes  at  least  to 
expel  hydrocyanic  acid,  and  convert  the  cyanate 
into  ammonium  nitrate  and  carbon  dioxide. 
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The  ammonia,  is  then  distilled  off,  after  adding 
excess  of  caustic  soda,  and  estimated  by  titration 
with  Y-hydrochloric  acid  as  usual.  In  presence 
of  cyanamide,  the  method  is  not  available, 
because  some  ammonia  is  formed  from  the 
cyanamide  when  it  is  boiled  with  caustic  soda. 
In  this  (rather  uncommon)  case,  the  cyanate 
must  be  estimated  by  collecting  the  carbon 
dioxide  evolved  when  the  sample  is  boiled  with 
acid  (Ewan,  J.  Soc,  Chem.  Ind,  1904,  23,  244). 

Ferrocyanide  is  most  conveniently  estimated, 
either  alone  or  in  presence  of  cyanides,  by  titra- 
tion with  a standard  solution  of  zinc  sulphate 
until  a drop  of  the  solution  no  longer  gives  a 
blue  colour  when  brought  in  contact  with  a droj) 
of  ferric  solution  on  paper.  A zinc  alkali  ferro- 
cyanide of  somewhat  variable  composition  is 
precipitated,  and  H,  G.  Colman  (Analyst,  33, 
261,  1908  ; and  J.  Soc,  Chem.  Ind.  27,  806,  1908) 
has  shown  that  the  quantity  of  zinc  solution  re- 
quired to  precipitate  a given  quantity  of  ferro- 
cyanide depends,  to  some  extent,  on  the  nature 
of  the  metal  in  the  ferrocyanide  used.  This 
effect  can  be  eliminated  almost  entirely  by 
adding  an  excess  of  potassium  sulphate.  The 
method  is  carried  out  as  follows  : a solution 
containing  10 ‘2  grams  of  ZnS04,7Pl20  and  10  c.c. 
of  concentrated  sulphuric  acid  per  litre  is 
standardised  against  pure  potassium  ferro- 
cyanide ; 25  c.c.  of  a solution  containing  10  grams 
of  K4Fe(CN)6*3H20  per  litre,  mixed  with  25  c.e. 
of  a saturated  solution  of  potassium  sulphate, 
25  c.c.  of  water,  and  10  c.c.  of  1 : 10  sulphuric  acid, 
are  convenient  quantities.  Equal  volumes  of 
the  standard  zinc  and  ferrocyanide  solutions  are 
required,  the  precipitate  formed  having  the 
composition  Zn3K2(FeCy6)2  (R.  Meurice,  Ann. 
Chim.  anal.  1913,  18,  342).  (Subsequent  titra- 
tions should  be  made  as  nearly  as  possible  under 
the  same  conditions, 

A more  accurate  method  is  that  of  W.  Feld 
(Journ.  fiir  Gasbeleuchtung,  47,  565,  1903). 
Ferrocyanide,  ecjuivalent  to  0'3  to  0‘5  gram  of 
yellow  prusSiate  is  boiled  for  5 minutes  with 
10  c.c.  of  Y-NaOH  and  15  c.c.  of  3 (molecular) 
Y-HgCla-  If  cyanide  is  present,  the  boiling  is 
continued  for  10  minutes  and  the  hydrocyanic 
acid  distilled  into  caustic  soda  and  titrated 
with  silver  nitrate  with  potassium  iodide  as 
indicator.  100  c.c.  of  boiling  0'lA'-HgCl2  are 
now  run  in,  and  the  boiling  continued  for  10 
minutes  to  convert  ferrocyanide  into  mercuric 
cyanide.  This  is  then  distilled  with  30  c.c.  of 
3Y-sulphuric  acid  for  20-30  minutes,  and  the 
hydrocyanic  acid  collected  in  caustic  soda  and 
titrated  as  before.  The  conversion  of  the  ferro- 
cyanide into  mercuric  cyanide  is  avoided  by 
H.  E.  Williams’  procedure  (J.  Soc.  Chem.  Ind. 
1912,  31,  468).  After  distilling  off  hydrocyanic 
acid  in  the  way  just  described  (lead  nitrate  may 
be  used  instead  of  magnesium  chloride),  0’05~ 
0*1  gram  of  pure  cuprous  chloride  dissolved  in 
HCl  is  added,  and  the  hydrocyanic  acid  distilled 
off  by  4 hour  gentle  boiling.  Even  insoluble 
ferrocyanides  are  completely  decomposed. 

The  estimation  of  the  valuable  constituents 
of  gasworks  products  (cyanide  and  ferrocyanide) 
is  performed  by  triturating  30  to  40  grams  of  the 
material  in  a mortar  with  excess  of  a cold  solu- 
tion of  caustic  soda  for  several  hours.  A little 
ferrous  sulphate  may  be  added  to  convert 
cyanide  into  ferrocyanide.  The  filtrate  is 


treated  with  4 to  5 times  its  volume  of  methy- 
lated spirit.  Carbonyl  ferrocyanide  (from  2 to 
5 p.c,  of  the  cyanogen  is  usually  present  in  this 
form,  but  exceptionally  as  much  as  20  p.c,  may 
be  present),  sulphocyanide,  sulphide,  and  excess 
of  caustic  soda  remain  in  solution,  whilst  the 
whole  of  the  sodium  ferroeyanide  is  precipi- 
tated. The  precipitate  is  then  treated  by  one 
of  the  methods  described  above  (H.  G.  Colman, 
Analyst,  33,  261,  1908  ; and  J.  Soc.  Chem.  Ind, 
27,  806,  1908  ; F.  W.  Skirrow,  ibid.  29,  319, 
1910). 

Sulphocyanide.  Ferrocyanide,  if  present,  is 
first  removed  from  the  solution  by  adding 
iron  alum  after  acidifying  slightly.  The  filtrate 
is  treated  with  acid  sodium  sulphite  in  excess 
and  then  with  copper  sulphate  and  boiled  for 
1 or  2 minutes.  The  precipitate  of  cuprous 
sulphocyanide,  which  may  be  mixed  with  copper 
sulphide,  is  filtered  off  and  washed  with  boiling 
water.  It  is  then  digested  with  excess  of 
caustic  soda  which  gives  cuprous  hydroxide  and 
a solution  of  sodium  sulphocyanide.  This  is 
separated  by  filtration,  a,cidified  with  nitric  acid, 
and  titrated  with  silver  nitrate,  using  a ferric 
salt  as  indicator  (Linder,  43rd  Alkali  Report, 
1906,  39), 

The  small  quantities  of  cyanogen  compounds 
in  concentnated  ammonia  liquor  may  be  esti- 
mated by  converting  them  into  ferric  sulpho- 
cyanide and  measuring  the  depth  of  colour  by 
means  of  the  tintometer  (P,  E.  Spielmann  and 
H.  Wood,  J.  Soc.  Chem.  Ind.  1919,  38,  43T, 
and  369T).  Sulphocyanide  is  first  estimated 
by  acidifying  the  diluted  sample,  in  the  cold, 
with  sulphuric  acid,  and  removing  ferrocyanide 
by  means  of  a small  excess  of  iron  alum ; a 
large  excess  of  iron  alum  is  added  to  the  filtrate 
and  the  depth  of  colour  measured.  Cyanide  is 
converted  into  sulphocyanide  by  digestion  at 
30°-35°  with  ammonium  polysulphide,  and  a 
second  estimation  made  as  above  described. 
Thiocarbonate  is  converted  into  sulphocyanide 
by  digestion  at  70°-75°  for  45  minutes,  cyanide 
and  ferrocyanide  remaining  unaffected. 

Alkali  metals  in  commercial  cyanides.  1 gram 
of  the  substance  is  evaporated  to  dryness  with 
excess  of  hydrochlorie  aeid.  Traces  of  iron  and 
calcium  are  removed  by  re- dissolving,  adding 
a drop  of  ammonium  carbonate,  and  filtering. 
The  solution  is  again  evaporated  to  dryness, 
and  the  residue  is  gently  fused  and  weighed. 
The  mixture  of  alkaline  chlorides  is  dissolved 
in  water  and  an  aliquot  portion  titrated  with 
silver  nitrate,  using  chromate  as  indicator. 
If  n gram  of  cyanide  has  yielded  a gram  of  the 
pure  mixed  chlorides  containing  h gram  of 

chlorine,  the  percentage  of  potassium  in  the 
cyanide  is  given  by  the  formula 

2-431a-4-0126\ 

^ jioo 

This  method  is  sufficiently  accurate  for  most 

purposes,  but  the  gravimetric  estimation  of  the 
potassium  as  potassium  platinichloride  must  be 
resorted  to  if  a greater  degree  of  aecuracy  is 
required.  T.  E. 

CYANIDIN,  CYANIN  v.  Anthocyanins.  ' 
CYANINE  and  CYANINE  DYESTUFFS  v. 
Quinoline  colouring  matters. 

CYANITE  V.  Kyanite. 

CYANOMACLURIN.  CigHiaOe,  a colourless 
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compound  existing  in  Jakwood  is  closely 
allied  to  the  catechins,  and  may  possibly 
belong  to  the  same  group.  In  its  general 
reactions,  indeed,  it  is  very  similar  to  these 
compounds,  but  differs  from  them  in  that  by 
alkali  fusion  it  yields  ^-resorcylic  acid  and  not 
protocatechuic  acid. 

A full  description  of  the  properties  of  this 
compound  is  given  in  the  article  on  Jakwood., 
CYANOSINE  V.  Triphenylmethane  colour- 

ESTG  MATTERS. 

/50-CYANURIC  acid  V.  Fulminuric  acid. 

CYCLOFORM.  The  trade  name  of  ^sobutyl 
ester  of  p-amino  benzoic  acid 

NH2-C6H4-C0004H9 

used  as  a local  anaesthetic.  A white  crystalline 
powder,  m.p.  65°.  Sparingly  soluble  in  water 
(0'022  p.c.),  readily  soluble  in  alcohol  and  ether. 

CYLINDRITE.  {Kylindrit,  Ger.)  A com- 
plex  sulphide  ore  of  tin,  Pb3FeSn4Sb2S44,  con- 
taining, according  to  this  formula,  Sn  25 ’85  p.c. 
It  forms  very  peculiar  cylindrical  rolls  of  thin 
folia,  the  concentric  shells  parallel  to  the  axis 
of  the  cylinder  readily  separating  under  pressure. 
The  smooth,  bright  surfaces  of  separation  no 
doubt  represent  the  cleavages  of  cylindrically 
curved  crystals.  The  colour  is  blackish  lead- 
grey,  with  a brilliant  metallic  lustre.  The 
mineral  marks  paper,  and  is  difficult  to  pulverise, 
in  these  respects  resembling  graphite.  The  ore 
consists  of  numbers  of  these  rolls,  which 
measure  up  to  3 cm.  in  length  and  1 cm.  in 
diameter,  confusedly  aggregated  together,  or 
sometimes  with  a sub-parallel  grouping,  the 
interspaces  being  filled  with  massive  material. 
It  has  been  found  in  some  quantity  in  the 
Santa  Cruz  mine,  at  Poopo,  Bolivia.  The  above 
formula,  written  in  the  form 

SPbSnSa+SnFeSbgSs 

brings  out  a relation  between  cylindrite  and  the 
allied  Bolivian  minerals,  teallite  (PbSnSa)  and 
franckeite  (SPbSnSa  + PbgFeSbgSg).  Analyses 
I and  II  by  G.  T.  Prior  (1904),  ITT.  by  A. 
Frenzel  (1893)  : 


I 

II 

III 

Pb 

. 35-24 

34-58 

35-41 

Fe 

. 2-81 

2-77 

3-00 

Ag 

. 0-50 

0-28 

0-62 

Sn 

. 25-65 

25-10 

26-37 

Sb 

. 12-31 

12-98 

8-73 

S 

. 23-83 

23-88 

24-50 

100-34 

99-59 

98-63 

Sp.gr.  . 

. 5-46 

5-49 

5-42 

L.  J. 

CYMARIN.  The  physiologically  active  con- 
stituent of  the  root  of  Apocynum  cannabinum 
and  A.  androsoemi folium,  is  aglucoside,  C3(,H480n„ 
colourless  glistening  prisms,  m.p.  135°-140°, 
which,  when  boiled  with  alcohol  containing 
hydrochloric  acid,  is  resolved  into  cymarose 
C7H;,404,  colourless  prisms,  m.p.  88°,  a sub- 
stance resembling  digitoxose,  of  which  it  is 
probably  a methyl  ether,  and  cymarigenin 
C23H30O5,  a lactone  which  appears  to  be 
identical  with  apoc3mamarin  (Moore,  Chem. 
Soc.  Trans.  1909,  95,^  734)  ; it  crystallises  from 
aqueous  methyl  alcohol  in  rhombic  tablets, 
m.p.  171°  (decomp.).  With  a solution  of  a 
diazonium  salt,  cymarigenin  forms  dyes  ; it 
reduces  ammoniacal  silver  nitrate,  forms  a 


benzoyl  derivative  C38H30O7,|^H2O,  pearly  leaf- 
lets, m.p.  230°,  and  when  treated  with  hydrogen 
chloride  in  chloroform  solution,  is  converted 
into  anhydro  cymarigenin  C23H2SO4,  rosettes  of 
crystals,  m.p.  246°  (decomp.)  (Windaus  and 
Hermanns,  ]3er.  1915,  48,  979). 

According  to  Impens  (Pfliiger’s  Archiv.  1913, 
153,  239),  cymarin  is  not  a glucoside.  It 
corresponds  in  activity  with  digitalis,  being 
slightly  more  potent  as  a diuretic  and  slightly 
less  so  as  a car^ac  stimulant.  The  ‘ cynotoxin  ’ 
of  Finnemore  and  ‘ apocynamarin  ’ are  probably 
decomposition  products  of  cymarine.  F. 
Digitalis  and  Strophanthus. 

CYMENES,  Cymols.  The  name  cymene  was 
first  applied  to  the  hydrocarbon  isolated  by 
Gerhardt  and  Cahours  (Ann.  Chim.  Phys.  [3]  1, 
102  and  372)  from  Roman  oil  of  cumin,  which  is 
the  ethereal  oil  of  Cuminum  cyminum.  Until 
1891  this  hydrocarbon  was  wrongly  called 
29-methylpropylbenzene,  but  in  that  year 
Widman  (Ber.  1891,  439,  970,  1632)  proved  it 
to  be  the  fsopropyl-  compound  {see  also  Fileti, 
J.  pr.  Chem.  [2]  44,  150).  Frequently,  however, 
the  various  benzene  hydrocarbons  of  the  formula 
C10H14  are  grouped  together  under  the  collective 
name  of  cymenes.  No  fewer  than  22  of  these  are 
theoretically  possible,  of  which  18  have  been 
prepared ; but  only  the  most  important, 
namely,  cymene  proper  (^-methylwopropyl- 
benzene)  and  the  tetramethylbenzenes  are 
described  here. 

p-Methyh.sopropylbenzene  ( Cymene) 

UH3)2CH-C6H4-CH3  (1,  4) 

occurs  in  Roman  oil  of  cumin  (Gerhardt  and 
Cahours,  lx.  ; Briihl,  Ber.  1892,  149  ; Wolpian, 
Chem.  Soc.  Abstr.  1897,  i.  357)  ; in  the  volatile 
oil  from  the  seeds  of  the  water-hemlock  {Cicuta 
virosa)  (Trapp,  Annalen,  108,  386)  ; in  the  oh 
from  Ptychotis  ajowan  (H.  Muller,  Ber.  2,  130) ; 
in  oil  of  thyme  (Lallemand,  Annalen,  102,  119 ; 
Labbe,  Bull.  Soc.  chim.  1898,  [iii.]  1009)  along 
with  thymol  C10II14O  and  thymene  CjoHie  5 
in  eucalyptus  oil  (from  Eucalyptus  Globulus) 
(Faust  and  Homeyer,  Ber.  7,  1429)  ; in  oil  of 
caraway  (Wolpian,  Chem.  Soc.  Abstr.  1897,  i. 
17)  : in  bitter  fennel  oil  (Tardy,  J.  Pharm.  Chim. 
1897,  98)  ; in  oil  of  lemon  grass  (Bar bier  and 
Bouveault,  Compt.  rend,  121,  1159;  Stiehl,  J. 
pr.  Chem.  1898,  51) ; in  oil  of  origanum  (Gilder- 
meister.  Arch.  Pharm.  1895,  174)  ; in  geraniol 
(Semmler,  Ber.  1891,  205) ; and  in  American 
petroleum  (Mabery,  Amer.  Chem.  J.  19,  419). 
Considerable  quantities  of  crude  cymene,  known 
as  sulphite  turpentine,  collect  on  the  surface  of 
the  liquid  in  the  separator  used  in  recovering 
sulphur  dioxide  in  the  manufacture  of  wood 
pulp.  May  be  obtained  from  camphor  by 
abstracting  from  it  the  elements  of  water 

CioHieO  = Ci,H44+H20 

by  heating  it  either  with  phosphorus  pentoxide 
(Dumas,  Ann.  Chim.  Phys.  50,  226  ; Delalande, 
ibid.  [3]  1,  368)  or  with  phosphorus  pentasulphide 
(Pott,  Ber.  2,  121),  or  with  phosphorus  penta- 
chlorido  (Lippmann  and  Louguinine,  Bull.  Soc. 
chim.  [2]  7,  374  ; see  also  Briihl,  l.c.  ; Tiemann, 
Ber.  1895,  1089).  Various  isomerides  of  camphor 
yield  cymene  by  the  same  treatment.  The 
terpenes  CiqUib  may  be  converted  into  cymene 
by  withdrawing  two  atoms  of  hydrogen ; this 
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may  be  effected  in  the  case  of  oil  of  turpentine, 
for  example,  by  distilling  it  with  bromine 
(Oppenheim,  Ber.  5,  94  and  628),  or  better,  with 
iodine  (Kekule,  ibid.  6,  437).  Old  turpentine 
generally  contains  cymene  (Wallach,  Chem. 
Zentr.  1898,  i.  572  ; Kondakow  and  Schindel- 
meier,  Chem.  Zeit.  30,  722).  It  has  been  ob- 
tained synthetically  from  p-bromwopropylben- 
zene  by  means  of  methyl  iodide  and  sodium 
(Widman,  l.c.).  To  prepare  cymene,  camphor 
is  warmed  with  an  equal  weight  of  phosphorus 
pentoxide,  the  cymene  is  poured  off,  treated 
again  twice  with  a little  phosphorus  pentoxide, 
and  finally  rectified  from  sodium.  The  yield 
varies  from  50  to  80  p.c.  (Eittica,  Annalen, 
172,  307).  It  can  also  be  prepared  from  iso- 
propyliodide,  and  p-bromotoluene  (Reuter, 
Chem.  Zentr.  1892,  i.  625  ; Briihl,  l.c.)  or  from 
^5opropylchloride,  toluene  and  aluminium  chlo- 
ride (Silva,  Bull.  Soc.  chim.  [ii.]  43,  321). — 
Liquid  boiling  at  177°-177'5°  (corr.) ; sp.gr. 
0‘8670  at  7 ‘974°  (Perkin,  Chem.  Soc.  Trans. 
1896,  1125;  1900,  267).  With  chromic  acid  it 
yields  paratoluic  acid  (CH3'C6H4'C02H)  and 
terephthalic  acid  CeH4(C02H)2  (1,  4)  ; with 
potassium  permanganate,  hydroxy?.sopropylben- 
zoic  acid  (CH3)2C(0H)C6ll4’C02H  (1,  4).  Taken 
internally,  it  appears  in  the  urine  as  cumic 
(p-i5opropylbenzoic)  acid 

(CH3)2CH-C6H4'C02H  (1,  4) 

The  preparation  of  cumene  {q.v.)  from  propyl- 
bromide,  benzene,  and  aluminium  chloride,  and 
that  of  cymene  from  p-bromotoluene,  normal 
propylbromide,  and  sodium  (Fittig,  Schafer, 
and  Konig,  Annalen,  149,  331)  was  for  a long 
time  the  cause  of  great  confusion  in  ascertaining 
the  constitution  of  members  of  the  cumene  and 
cymene  groups,  as  it  was  not  realised  that  in 
each  case  the  propyl-  group  changed  into  the 
wopropyl-  group  owing  to  the  temperature  of 
the  reaction  not  being  regulated. 
Tetramethylbenzenes : 

1.  Consecutive  tetrametliylbenzene  {Tvehni- 
ene)  C6H2(CIl3)4  (1,  2,  3,  4).  When  sodium 

durene  -sulphonate 

C8H(CH3)4S03Na(CH3-  groups  1,  2,  4,  5,  v.  infra) 

is  dissolved  in  concentrated  sulphuric  acid  and 
allowed  to  stand  for  12  hours,  prehnitene- 
sulphonic  acid  is  formed.  The  mixture  is  di- 
luted with  water,  saturated  with  barium  carbon- 
ate, the  barium  salts  converted  into  sodium 
salts,  and  these,  by  treatment  with  phosphorus 
pentachloride  and  ammonia,  transformed  first 
into  sulphonic  chlorides  and  then  into  sulphon- 
amides.  Prehnitenesulphonamide  is  separated 
by  means  of  its  sparing  solubility  in  alcohol, 
and  is  then  hydrolysed  by  heating  with  concen- 
trated hydrochloric  acid  to  170°,  when  it  yields 
prehnitene  (Jacobsen,  Ber.  19,  1213  ; see  also 
V.  Meyer  and  Molz,  Ber.  1897,  30,  1278).  Also 
obtained  by  heating  bromocumene 

CeH2Br(CH3)3(CH3,Br,CH3,CH3  : 1,  2,  3,  4) 

with  methyl  iodide,  benzene,  and  sodium,  in  a 
sealed  tube  at  150°  for  12  hours. — Liquid  boil- 
ing at  204°  (corr.)  ; solidifies  in  a freezing 
mixture,  and  melts  at  —4°.  Dilute  nitric  acid 
oxidises  it  to  prehnitylic  acid  C6H2(CH3)3C02lI. 

2.  Unsymmetrical  tetramethylhenzene  (Isodu- 
rene)  CeH2(CH3)4  (1,  2,  3,  5).  From  bromo- 
mesitylene  {v  Cumenes),  methyl  iodide  and 


sodium  in  presence  of  benzene  (Jannasch,  Ber. 

8,  356).  Best  by  passing  methyl  chloride  into 
a mixture  of  mesitylene  and  aluminium  chloride  : 

C6H3(CH3)3+CH3Cl=C6H2(CH3)4-fHCl 
(1,  3 6)  (1,  2,  3,  5) 

(Jacobsen,  Ber.  14,  2629). — Liquid  boiling  at 
195°-197° ; solidifies  in  a freezing  mixture. 
With  dilute  nitric  acid  it  yields  a-^5odurylic 
acid,  i8-z5odurylic  acid,  and  mesitylenecarboxylic 
acid,  isomeric  acids  of  the  formula 

CeH2(CH3)3C02H 

and  dimethyh'^ophthalic  and  dimethyltere- 
phthalic  acids,  isomeric  acids  of  the  formula 
06112(0113)2(00211)2  (Jannasch  and  Weiler,  Ber. 
1894,  3441  ; 1895,  531) ; potassium  permangan- 
ate ultimately  converts  it  into  mellophanic  acid 
06H2(C02H)4(1,  2,  3,  5). 

Symmetrical  tetrametJiylhenzene  {Durene) 
06112(0113)4  (1,  2,  4,  5).  Occurs  in  coal  tar 
(Schulze,  Ber.  18,  3032).  By  the  action  of 
sodium  on  a mixture  of  bromopseudocumene 
C6ll2(CIl3)3Br  (1,  2,  4,  5),  methyl  iodide  and 
sodium  (Jannasch  and  Fittig,  Zeitsch.  Chem. 
1870,  161).  From  toluene  and  methyl  chloride 
in  presence  of  aluminium  chloride  (Friedel  and 
Crafts,  Ann.  Chim.  Phys.  [6]  1,  461).  From 
0-  or  p- xylene,  methyl  chloride  and  aluminium 
chloride  (Jacobsen,  Ber.  14,  2629).  From 
pseudocumene,  methyl  iodide,  and  aluminium 
chloride  (Rugheimer  and  Hankel,  ibid.  1896, 
2173). — Crystalline  mass,  smelling  like  camphor  ; 
melts  at  79°-80°,  and  boils  at  189°-191°  (Jacob- 
sen). Yields  by  oxidation  with  potassium 
permanganate,  finally  pyromellitic  acid 

C6H2(C02H)4  (1,  2,  4,  5) 

CYMOLS  V.  Cymenes. 

CYMOPHENOL  v.  Camphors. 

CYPRIAN  VITRIOL,  Copper  sulphate  {v. 
Copper). 

CYPRIDOL.  Trade  name  for  a suspension 
of  mercuric  iodide  in  sterilised  oil. 

CYRTOLITE  Zircon. 

CYSTAMINE,  CYSTOGEN.  Syns.  for  hexa- 
methylenetetramine. 

CYSTAZOL.  An  additive  compound  of 
hexamethylenetetramine  and  sodium  benzoate. 
Used  as  a urinary  antiseptic. 

CYSTINE,  ^-disulphido-a-aminopropionic  acid 

H02C-CH(NH2)-CH2-S-S-CH2-CH(NH2)-C02H 
first  discovered  by  Wollaston  in  a urinary 
calculus  (Phil.  Trans.  1810,  223)  ; is  a product  of 
proteid  metabolism  under  certain  pathological 
conditions  (Blum,  Beitr.  chem.  Physiol.  Path. 
1903,  5,  1 ; Wolf  and  Shaffer,  Amer.  J.  Physiol. 
19 ; Loebisch,  Annalen,  182,  231  ; Niemann, 
ibid.  187,  101  ; Thiele,  Trans.  Path.  Soc.  1907, 
58,  255),  which,  according  to  Abderhalden 
(Zeitsch.  physiol.  Chem.  1903,  38,  557),  are 
hereditary.  Dreschel  found  cystine  as  a normal 
product  of  metabolism  in  the  liver  of  horse 
(Arch.  Anat.  Physiol.  1891,  243)  and  porpoise 
(Zeit.  Biol.  1896,  33,  85).  It  was  found  by 
Kfilz  {ibid.  1890,  27,  415)  among  the  soluble 
products  of  an  artificial  pancreatic  digestion  of 
fibrin ; and  is  a constant  product  of  hydrolysis 
of  keratin  (Morner,  Zeitsch.  physiol.  Chem. 
1899,  28,  595)  ; Buchtala  {ibid.  1907,  52,  474) 
obtained  the  following  percentages  of  cystine 
from  the  materials  mentioned : human  hair, 
13-14'5  ; human  nails,  5T5  ; horsehair,  7*98  ; 
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horse’s  hoofs,  3'20 ; ox  hair,  7 27  ; hoofs  of 
oxen,  5-37  ; pigs’  bristles,  7'22  ; pigs’  hoofs,  2T7. 

According  to  Folin  (J.  Biol.  Chem.  1910,  8, 
9),  cystine  is  most  readily  prepared  from  wool  by 
boiling  it  in  a reflux  apparatus  for  5-6  hours 
with  twice  its  weight  of  strong  hydrochloric 
acid,  or  until  it  ceases  to  give  the  biuret  reaction  ; 
on  removing  the  free  hydrochloric  acid  by  the 
addition  of  solid  sodium  acetate,  a dark  heavy 
precipitate  of  cystine  is  obtained  ; this  is  purified 
by  decolourising  a solution  in  3-5  p.c.  hydro- 
chloric acid  with  bone-black,  and  precipitating 
the  cystine  in  the  hot  filtrate  by  hot  concentrated 
sodium  acetate  solution  {see  also  Denis,  J.  Biol, 
Chem.  1911,  9,  365). 

The  cystine  of  urinary  calculus  is  identical 
with  that  obtained  from  protein  hydrolysis 
(Rothera,  J.  Physiol.  1905,  32,  175  ; Alsberg  and 
Folin,  Amer.  J.  Physiol.  1905,  14,  54  ; Fischer 
and  Suzuki,  Zeitsch.  physiol.  Chem.  1905,  45, 
405),  and  was  proved  to  be  ^-disulphido-a-amino- 
propionic  acid)  by  Friedmann  (Beitr.  Chem, 
Physiol.  Path.  1902,  2,  433),  This  view  of  its 
constitution  was  confirmed  by  the  synthesis  of 
racemic  cystine  from  ethyl  monobenzoylserine, 
obtained  by  reducing  ethyl  formylhippurate,  the 
product  of  the  condensation  of  ethyl  formate  and 
ethyl  hippurate.  On  heating  ethyl  mono- 
benzoylserine with  phosphorus  jjentasulphide, 
and  hydrolysing  the  product,  cystein  is  obtained, 
and  this  is  readily  converted  into  cystine  by 
oxidation  with  air  in  an  ammoniacal  solution  : 

H-COaEt+NHBz-CH^-CO^Et 

->CHO-CH(NHBz)-C02Et 

->OH-CH,-CH(NHBz)C02Et 

~>SH*CH;-CH(NHBz)-C02Et 

“>SHCH2-CH(NH2)-COoH 

->C02H-CH(NH2)-CH2S-S-CH2*CH(NH2)-C02H 

(Erlenmeyer,  Ber.  1903,  36,  2720).  Fischer  and 
Raske  {ibid.  1908,  41,  893)  also  obtained  r- 
cystine  from  cZZ- a- amino -^S-chloropropionic  acid 
hydrochloride  by  heating  it  with  barium  hydro- 
sulphide at  100°  in  sealed  tubes,  and  oxidising 
the  product  by  atmospheric  oxygen  in  the 
presence  of  ammonia.  From  the  natural 
Z-serine  the  authors  obtained,  by  a similar 
process,  an  optically  active  cystine  which  is 
identical  with  the  Z-cystine  obtained  from  natural 
sources.  Removal  of  sulphur  by  ammonium 
copper  solution  gives  dl-a-ammopropionic  acid, 
and  removal  of  sulphur  by  zinc  dl-alanine 
(Mauthner,  Zeitsch.  physiol,  Chem.  1912,  78, 
30-32). 

For  the  importance  of  cystine  in  nitrogen 
metabolism,  see  Abderhalden  (Zeitsch.  physiol. 
Chem.  96,  1-147  ; Ber.  1916,  49,  2449-2473), 
and  in  humin  formation,  Roxas  (J.  Biol.  Chem. 
1916,  27,  71-93). 

Cystine  crystallises  in  thin  colourless  hexa- 
gonal plates  ; it  has  no  melting-point,  but  decom- 
poses slowly  at  258°-261°  (Neuberg  and  Mayer, 
Zeitsch.  physiol.  Chem.  1905,  44,  472).  It  is 
sparingly  soluble  in  water,  insoluble  in  alcohol  or 
acetic  acid,  soluble  in  acids  or  alkalis.  The  heat 
of  combustion  at  constant  pressure  is  4-137 
calories  (Emery  and  Benedict,  Amer.  J.  Physiol. 
28,  301-307).  The  cystine  molecule  contains  two 
asymmetric  carbon  atoms,  and  Zcew-cystine,  the 
naturally  occurring  variety,  has  — 97-5°  in 
ammonia,  — 223°  in  hydrochloric  acid  solution 
(Gaskell,  J.  Physiol.  1907,  36,  142),  or  -205-28°  1 


in  a hydrochloric  acid  solution  containing 
11-2  grams  hydrochloric  acid  in  100  cm.  (Mauth- 
ner, ibid.  29).  Z-Cystine  is  converted  to  the 
extent  of  50  p.c.  into  r-cystine  by  heating  with 
excess  of  hydrochloric  acid  of  sp.gr.  1-124,  at 
165°  for  12-15  hours  ; this  decomposes  at  the 
same  temperature  as  the  active  isomeride,  is 
three  times  as  soluble  in  water  and  can  be 
resolved  into  the  active  components  by  the 
action  of  Aspergillus  niger,  the  Z-  compound 
being  consumed. 

Cystine  is  readily  reduced  to  cystein  {a  amino- 
^-thiolpropionic  acid)  HS-CH2-CH(NH2)‘C02H 
(Baumann,  Zeitsch.  physiol.  Chem.  1882,  8, 
300 ; Mauthner,  Zeit.  Siol.  1901,  42,  176), 
which  can  be  converted  by  the  action  of  bromine 
water  into  cysteic  acid  {a-amino- P-sulp?iopro- 
pionic  acid)  H03S-CH2-CH(NH2)-C02H,  and 
from  this,  by  loss  of  carbon  dioxide,  taurine 
NH2-CH2-CH2-S03H  is  obtained  (Friedmann, 
Beitr.  Chem.  Physiol.  Path.  1902,  2,  433). 
According  to  Von  Bergmann  {ibid.  1903,  4,  92), 
the  normal  taurine  in  the  bile  oiiginates  from 
the  cystin  groups  contained  in  the  ingested 
protein.  Cystein  yields  cystine  on  oxidation,  the 
change  occurring  spontaneously  in  alkaline 
solution,  although  the  rate  is  increased  by  the 
addition  of  a mixture  of  ferric  chloride  and 
potassium  cyanide  (Mathews  and  Walker,  J. 
Biol.  Chem.  1909,  6,  289).  For  the  behaviour  of 
cystine  on  oxidation,  see  Denis  (J.  Biol.  Chem. 
1911,  9,  373),  and  for  its  breakdown  under  the 
action  of  certain  bacteria,  see  Burger  (Arch. 
Hyg.  1914,82,201-211,  from  the  abstr.  Amer. 
Chem.  Soc.  1916,  10,  2911). 

Slyke’s  reaction  (Ber.  1910,  43,  3170)  for 
a-amino  acids  does  not  give  absolutely  quanti- 
tative results  in  the  case  of  cystine. 

Cystine  and  tyrosine  can  be  quantitatively 
separated  by  means  of  absolute  alcohol  saturated 
with  hydrogen  chloride  (Plimmer,  Bio -Chem.  J. 
1913,  7,  311-317). 

When  cystine  is  given  with  food,  it  is  com- 
pletely oxidised  to  sulphate  and  excreted  as 
such  (Rothera,  J.  Physiol.  1905.  32,  175). 
Baumann  and  Preusse  (Zeitsch.  physiol.  Chem. 
1881,  5,  309  ; Ber.  18,  258)  found  that  when 
bromobenzene  was  administered  to  animals,  it 
was  excreted  as  bromoplienylcystein 

C02H-CH(NH2)-CH2-S-CeH4Br 

a compound  crystallising  in  glittering  needles 
or  plates  ; m.p.  180°- 182°,  and  yielding  a blue 
crystalline  copper  salt  (CgllgBrSNOglaCu. 

Derivatives. — Cystine  forms  sparingly  soluble 
salts  with  copper,  CgH4Q04N2S2Cu  ; or  mercury 

CeH304N2S2Hg2,HgCl2  : 

2C3H4o04N2S2Hg,HgCl2,7H20  ; 

2CgH304N2S2Hg.2,Hg(N03).2 

With  30  p.c.  nitric  or  hydrochloric  acid  (at  room 
tenrperature)  it  yields  compounds 

CgH4204N9S2'2HN03  and 

CgH4204N2S2-2HCl 

(Morner,  Zeitsch.  physiol.  Chem.  1914,  93, 
203-208).  Benzoylcy Stine  CQH4g04N2S2Bz2,  m.p. 
156°-158°,  crystallises  in  needles  and  forms  a 
sparingly  soluble  sodium  salt  (Goldmann  and 
Baumann,  Zeitsch.  physiol.  Chem.  1888,  12, 
254).  Cystinephenylhydantoin  is  a well-defined 
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crystalline  compound,  and  is  used  for  identifying 
cystine.  Cystine  ethyl  ester  hydfochloride 

S2[CH2-CH(NH2)-C02Et]2,3HCl 

forms  colourless  needles,  m.p.  185°,  with 
decomposition  (Friedmann,  Beitr.  Chem.  Phy- 
siol. Path.  1902,  3,  1).  Numerous  acyl-  deriva- 
tives of  cystine  have  been  described  by  Fischer 
and  Suzuki  (Zeitsch.  physiol.  Chem,  1905,  45, 
405 ; Fischer  and  Gerngross,  Ber.  1909,  42, 
1485  ; Abderhalden  and  Wybert,  Ber.  1916, 
49,  2449-2473).  Of  these  di-l-leueyl-l-cystine 
S,[CH2-CH(C02H)NH-C0-CH(NH2)C4H9]2  is  a 
granular  powder,  turns  yellow  at  200°,  and 
decomposes  at  a higher  temperature,  has 
20 

[a]^  —136 '6°,  or,  when  obtained  in  a crystalline 

-.90 

form,  has  [a]^  — 141-4°  ; it  gives  a reddish- violet 

colour  with  copper  sulphate ; is  precipitated 
by  ammonium  sulphate,  and  may  be  termed 
an  alhumose.  M.  A.  W. 

CYSTOGEN.  Syn.  for  hexamethylenetetr- 
amine. 

CYSTOPURIN.  A compound  of  sodium 
acetate  and  hexamethylenetetramine. 

CYTISINE  CnHi^ONo,  prisms,  m.p.  153°, 

b.p.  218°/2  mm.,  —120°,  readily  soluble 

in  water,  alcohol,  or  chloroform,  insoluble  in 
ether  and  petroleum ; is  a diacid  base  forming- 
well- crystalline  salts.  It  is  found  in  the  seeds  of 
Cytisus  laburnum,  TJlese  europceus,  Baptisia 
spp.,  Sophora  spp.,  Genista  spp.,  and  Anagyris 
feet i da  in  amounts  varying  from  1 to  2 p.c. 

Cytisine  is  a second  ary-tertiary  base.  Electro- 
lytic reductions  gives  a base,  tetrahydro  deoxy- 
cytisine  Ci^H^gNa.  Hydriodic  acid  and  phos- 
phorus at  230°  yields  cytisoline  Cj^HjiCN, 
/8-cytisolidine  CnHi^N  (this  on  reduction  giving 
a cytisolidine  C^HigN),  hydrocarbons,  and 
ammonia.  The  constitutions  of  a-  and  /8- 
cytisolidines  have  been  established  by  synthesis 
(Ewins,  Chem.  iSoc.  Trans.  1913,  103,  97). 
j8-Cytisolidine  is  6 : 8-dimethyl  quinoline,  a- 
cytisolidine  the  corresponding  tetrahydro  quino- 
line. Cjdisoline,  which  on  distillation  with 
zinc-dust  gives  iS-cytisolidine,  is  2-hydroxy-6  : 
8-dimethyl  quinoline  and  has  been  synthesised 
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b}’  Spath.  On  these  grounds  it  has  been 
suggested  that  cytisine  is  constituted  by  the 
fusion  of  three  rings. 

The  following  constitution  is  considered  the 
most  probable  of  the  fourteen  j;ossibilities  :■ — 

CH2  CH 

MeCH-^^C^'^CH 

I II  1 

CH2  C CO 

CH  N 

! i 

NH— CH2 

Cytisine  is  a violent  poison.  Cases  of  infantile 
poisoning  from  eating  laburnum  seeds  are  by 
no  means  infrequent.  Dale  and  Laidlaw  (J. 
Pharm.  Expt.  Therap.  1912,  3,  502)  have  shown 
that  the  physiological  action  of  this  alkaloid 
is  qualitatively  and  almost  quantitatively 
indistinguishable  from  that  of  nicotine.  See 
Spath,  Monatsh.  1919,  40,  15,  93  ; Partheil,  Ber. 
1890,  23,  3201  ; 1891,  24,  634 ; Freund  and 
Friedmann,  A.  1901,  i.  288  ; Freund,  A.  1904, 
i.  263  ; Freund  and  Horkheinier,  A.  1906,  i. 
302  ; Freund  and  Gauff,  Arch.  Pharm.  1918, 
256,  33. 

Methylcytisine  CigHieONg,  prismatic  needles, 
m.p.  137°,  [a]j)  — 221-6°,  readily  soluble  in  water 
and  organic  solvents,  occurs  in  Caulophyllum 
tlialictroides  (Linn.).  (Power  and  Salway,  Chem. 
Soc.  Trans.  1913,  103,  191)  ; it  may  also  be 
obtained  by  methylating  cytisine.  The  salts 
are  crystalline. 

The  physiological  action  of  the  base  is 
similar  to  that  of  cytisine  [q.v.),  but  the  alkaloid 
is  less  potent. 

Caulophylline  (Lloyd,  Proc.  Amer.  Phaim. 
Assoc.  1893,  41,  115)  is  methyl  cytisine. 

Anagyrine  C15H22ON2  (?),  amorphous,  occur- 
ring along  with  cytisine  in  the  seeds  of  Anagyris 
feetida,  is  possibly  butyl  cytisine  (Klostermann, 
Diss.  Marburg,  1898  ; Chem.  Zentr.  1899,  i. 
1130;  Partheil  and  Spasski,  Apoth.  Zeit.  1895, 
10,  903;  Goessmann,  Arch.  Pharm.  1906, 
244,  20).  A.  J.  E. 


DAGUERREOTYPE  v.  Photography. 

DAHL’S  ACIDS.  l-Naphthylamine-4-7-  and 
4.6.-disulphonic  acids,  v.  Naphthalene. 

DAHLIA.  Syn.  Hofmann’s  violet,  Pri- 
mula {v.  Trephenylmethanb  colouring 
matters). 

DAHMENITE  v.  Explosives. 

DAMASCENINE  C10H13O3N,  crystalline,  m.p. 
25°-26°,  b.p.  154°/15  mm.,  270°/750  mm., 
occurs  in  the  seeds  of  Nigella  damascena  (I>inn.) 
(Schneider,  Pharm.  Centrb.  1890,  31,  173)  and 
N.  aristata  (Keller,  Arch.  Pharm.  1908,  246, 
1 ).  Its  constitution  was  established  by  synthesis 
(Ewins,  Chem.  Soc.  Trans.  1912,  101,  544),  and 


shown  to  be  methyl-2-methylamino-3-methoxy 
benzoate : 

CH 

Hc/'^C-COOMe 

Hc!|^Jc-NHMe 

COMe 

Keller’s  ‘ methyl  damascenine  ’ is  identical 
with  damascenine  and  ‘ damasceninic  acid  ’ 
C9H11O3N,  said  by  Pommerehne  (Arch.  Pharm. 
1900,  238,  531)  to  be  isomeric  with  damascenine, 
is  obtained  on  hydrolysis  of  the  alkaloid. 
Damascenine  is  mildly  narcotic.  A.  J.  E. 

DAMMAR  RESIN,  DAMMARYL,  DAM- 
MARYLIC ACID  V.  Resins. 
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DANAITE, 


DANAITE  V.  Mispiokel. 

DANALITE.  A rare  sulpho-silicate  mineral, 
with  the  formula  3B/2Si04’^S,  where  R repre- 
sents Fe,  Zn,  Be,  Mn,  containing  BeO  about 
14  p.c.  The  flesh-red  or  grey  cubic  crystals  are 
octahedral  or  tetrahedral  in  habit ; sp.gr. 
3 '35-3 '43  ; H.=5|-6.  It  occurs  in  granite  at 
Rockport  and  Gloucester,  in  Massachusetts, 
and  large  crystals  have  been  found  in  Cornwall. 
Closely  allied  is  the  tetrahedral- cubic  mineral 
hdvite,  which  contains  about  the  same  amount 
of  beryllium,  but  with  a preponderance  of 
manganese  and  no  zinc.  L.  J.  S. 

DANDELION  ROOT.  Taraxaci  radix,  B.P.  ; 
Taraxacum,  U.S.P.  {Pissenlit,  Fr.  ; Lowen- 
zaJinunirzd,  Ger.)  The  root  of  the  common 
dandelion,  Taraxacum  officinale  (Weber)  (Bentl. 
a.  Trim.  159),  is  used  in  medicine  for  its  mild 
laxative  and  tonic  properties.  It  is  administered 
either  in  the  form  of  expressed  juice  or  weak 
spirituous  extract.  The  roots  employed  should 
be  collected  in  the  autumn. 

The  latex  contains  two  crystalline  bitter 
principles,  taraxacin  and  taraxacerin  (Polex, 
Arch.  Pharm.  19,  50  ; Kromayer,  ibid.  105,  6). 
The  root  further  eontains  inulin,  24  p.c.  in 
October,  according  to  Dragendorff  (Sachsse’s 
Farbstoffe,  125),  but  only  1'7  p.c.  in  March, 
when,  however,  17  p.c.  of  uncrystallisable 
sugar  and  19  p.c.  of  levulin  is  present.  The 
latter  carbohydrate  is  soluble  in  cold  water  to 
a sweet  solution,  without  any  action  on  polarised 
light. 

The  leaves  and  stalks,  but  not  the  root  of  the 
dandelion,  contain  inosite  (Marme,  Annalen, 
129,  222).  G.  B. 

DAPHNETIN.  Daphnetin  is  present  in  the 
form  of  its  glucoside  da'phnin  in  the  bark  of  the 
Daphne  alpina  (Linn.)  and  D.  mezereum  (Linn.). 

The  concentrated  alcoholic  extract  is  digested 
with  boiling  water,  filtered,  and  treated  with 
lead  acetate  solution.  The  precipitate  is  re- 
moved, basic  lead  acetate  added  to  the  filtrate, 
the  lead  compound  of  the  glucoside  decomposed 
with  sulphuretted  hydrogen,  and  the  solution 
evaporated  (Zwenger,  Annalen,  115,  8). 

Daphnin  Cj5Hig09,2H20  crystallises  in 
prisms,  melting  at  200°,  and  dissolves  in  alkaline 
solutions  with  a yellow  colour.  It  is  hydrolysed 
by  boiling  dilute  acids  with  formation  of  daph- 
netin and  glucose  : 

Ci5His09+H20=C9He04  + CeHi20e 

Daphnetin  C9llg04  forms  pale  yellow  needles, 
is  soluble  in  alkalis  with  a yellow  colour,  and 
gives  a yellow  precipitate  with  lead  acetate 
solution.  On  acetylation,  a diacetyl-  derivative 
C9H404(C2H30)2  is  obtained,  and  by  means  of 
ethyl  iodide  a diethyl  ether  C9H40.2(0Et)2  is 
produced.  When  daphnetin  diethyl  ether  is 
boiled  with  caustic  soda  solution,  the  diethyl 
ether  of  daphnetinic  acid 

(OEt)2C6H2<^Qg^Qjj.(^QQp|- 

is  produced  in  the  form  of  its  sodium  salt,  which 
when  ethylated  gives  the  triethyl  derivative  : 

( OEt)  jj  (3  jj 

By  oxidising  daphnetic  acid  triethyl  ether 
triethoxyhenzaldehyde  is  formed,  which  is  readily 
converted  into  triethoxybenzoic  acid.  The 


silver  salt  of  this  acid,  when  destructively  dis- 
tilled, gives  pyrogallol  triethyl  ether.  Daphnetin 
is  accordingly  a dihydroxycoumarin,  and  has  the 
following  constitution  : — 


- 0 

OH 


\co 

/h 


(Will  and  Yung,  Ber.  1884,  17,  1081). 

It  has  been  synthetically  prepared  by  heating 
pyrogallol  with  malic  acid  in  the  presence  of 
sulphuric  acid  (Pechmann,  Ber.  17,  933)  : 

C4H6O6  -f-  C6H3(0H)3  = C9H6O4  -f  CO2 +2H2O  -f  Ha 
and  by  the  condensation  of  pyrogallic  aldehyde 
with  sodium  acetate  (Gattermann  and  Koebner, 
Ber.  1899,  32,  287)  : 

C6H2(0H)3'CH0+CH3'C00H=C9H604+2H20 

Daphnetin  is  a yellow  colouring  matter,  and 
gives  with  mordanted  woollen  cloth  the  following 
shades  : — 

Chromium  Aluminium 
Olive-yellow  Pale  olive-yellow 

Tin  Iron 

Very  pale  yellow  Olive-black 

(Perkin  and  Wilson,  Chem.  Soc.  Trans.  1903,  83, 
134).  A.  G.  P. 

DAPICHO  or  ZASPIS.  The  South  American 
name  for  the  eaoutchouc  which  exudes  from  the 
roots  of  Hevea  guianensis  (Aubl.). 

DARWINITE  V.  Dombykite. 

DATE,  The  fruit  of  the  date  palm,  Phoenix 
dactylifera.  A palm  of  the  tropics  of  Africa  and 
the  East  Indies.  It  furnishes  food  to  a large 
population  in  Egypt  and  Arabia. 

The  fruit  grows  in  bunches  of  from  15  to 
20  lbs.  weight,  and  a tree  usually  produces 
about  20  bunches  annually.  The  date  palm  also 
yields  a sweet  sap,  which  flows,  when  incisions 
are  made  in  the  trunk,  almost  continuously  from 
November  to  March ; the  sap  is  clarified  and 
boiled  down,  when  a brown  sugar,  known  as 
jaggery,  is  obtained  (Bied.  Zentr.  1884,  284). 

Analyses  of  the  flesh  of  dates  give  : 

Sol.  carbo- 

Water  Protein  Fat  hydrates  Fibre  Ash 

28'8  1'9  trace  63'1  2'7  I’O 

Dried  dates,  according  to  Konig,  have  the 
mean  composition  : 

Free  Other  carbo- 

Water  Protein  Fat  Sugar  acia  hydrates  Fibre  Ash 

18'5  1-9  0-6  67-2  1'3  4'3  3'8  1'8 

Among  the  ‘ soluble  carbohydrates  ’ is  in- 
cluded about  3 p.c.  of  pentosans,  while  the  date 
stone  contains  about  2*7  p.c.  of  the  same  sub- 
stances (Wittmann,  Zeitsch.  landw.  Versuchs. 
Oesterreich.  1901,  4,  131). 

Konig  gives,  as  the  composition  of  the  date 
stone  : 

Nitrogen 

Water  Protein  Fat  free  extract  Fibre  Ash 

7-7  5'2  9-0  53-0  24*0  M 

Dates  are  sometimes  used  as  coffee  substi- 
tutes, the  whole  fruit  being  occasionally  em- 
ployed, but  more  usually  the  stones  only. 

Konig  gives  as  the  composition  of  ‘ date- 
coffee  ’ : 

Other  carbo- 

Water  Protein  Fat  Sugar  hydrates  Fibre  Ash 

6 6 5-5  7'9  2-2  48*7  27'8  1'3 


yielding  about  14  p.c.  of  its  weight  to  water. 


T 


DATOLITE. 
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DATHOLITE  v.  Datolitb. 

DATISCA  CANNABINA  (Linn.).  This  is  a 
tall,  erect  herb,  resembling  hemp,  belonging  to 
the  Datiscece,  and  met  with  in  the  temperate 
and  sub- tropical  Western  Himalayas  from 
Kashmir  to  Nepal.  The  root,  known  as  Akalbir, 
has  been  extensively  used  in  Kashmir  and 
throughout  the  Himalayas  as  a yellow  dyestuff 
chiefly  on  alum-mordanted  silk  ; but  the  colour- 
ing matter  appears  to  be  present  in  the  whole 
plant,  for  the  leaves  and  twigs  can  also  be 
employed  for  the  same  purpose. 

The  leaves  of  the  Datisca  canndhina  were 
first  examined  by  Braconnot  (Ann.  Chim.  Phys. 
[2]  iii.  277),  who  isolated  from  them  a crystalline 
substance  which  he  named  datiscin.  Somewhat 
later  it  was  shown  by  Stenhouse  (Annalen, 
1856,  98,  167)  that  this  compound  is  a glucoside, 
and  when  hydrolysed  is  converted  into  a sugar, 
together  with  a yellow  colouring  matter,  datis- 
cetin  CigHioOg. 

Schunck  and  Marchlewski  (Annalen,  278, 
261),  however,  considered  that  the  formula 
was  preferable,  and  showed  that,  on 
fusion  with  alkali,  datiscetin  gives  salicylic  acid. 
By  the  action  of  dilute  nitric  acid,  a nitro- 
salicylic  acid  was  produced,  whereas  with  strong 
nitric  acid,  picric  acid,  as  already  indicated  by 
Stenhouse,  was  formed.  Datiscetin  appeared 
to  contain  methoxyl  groups,  and  was  at  that 
time  considered  by  the  authors  to  be  most 
probably  a xanthone  derivative. 

Korczynski  and  Marchlewski  (Ann.  d.  Akad. 
Krakau,  1906,  95)  have  shown  that  pure  datis- 
cetin CigHioOg,  however,  does  not  contain 
methoxy-groups.  It  consists  of  yellow  needles, 
m.p.  268°-269°,  soluble  in  alkaline  solutions,  with 
a yellow  colour,  and  gives,  with  sulphuric  acid, 
a yellow  liquid  possessing  a green  fluorescence. 
When  boiled  with  strong  alkaline  solutions, 
phenol  and  salicylic  acid  are  produced. 

Tetraacetyldatiscetin  Ci5Hg06(C2H30)4  forms 
colourless  needles,  and  melts  at  138° ; and 
tetrabenzoyldatiscetin  Ci5Hg0g(C7H50)4  gives  co- 
lourless needles,  m.p.  190°-191°. 

Leskiewicz  and  Marchlewski  (Ber.  1914,  47, 
1599)  by  the  action  of  bromine  on  datiscetin 
in  boiling  acetic  acid  solution  obtained  tribrom- 
pMoroghicinol,  and  as  a result  suggest  that  this 
colouring  matter  is  the  1:3:  I'-trihydroxy- 
flavonol  : — 


HO 


OH 


Co/C-OH 


A substance  indeed  of  this  constitution  in  the 
form  of  its  trimethyl  ether  has  been  synthesised 
by  BargelKni  and  Peratoner  (Gazetta,  1919,  49, 
64)  by  the  usual  methods  of  flavonol  synthesis. 
Thus  2 hydroxy  4 : 6-dimethoxy  phenyl  methyl 
ketone  (phloracetophenone  dimethyl  ether)  con- 
densed with  salicylic  aldehyde  methyl  ether 
yields  2 hydroxy  4:6:2'  trimethoxy  phenyl 
styryl  ketone  I.  : — 

_OH  OMe 

I.  MeO<^  CO— CH  : CH— ^ ^ 

]^0 

VoL.  II.— T. 


which  by  means  of  dilute  alcoholic  hydrochloric 
acid  gives  6:7:2'  trimethoxy  flavanone  II. : — 


O^e 

MeO/\'^"'^\CH— ^ 


The  iso-nitroso  derivative  of  this  latter  when 
heated  with  hydrochloric  acid  in  acetic  acid 
solution  gives  the  trimethoxy  flavanone  : — 


crystallising  in  pale  yellow  needles,  m.p.  158°- 
160°,  and  giving  with  sulphuric  acid  an  intensely 
green  fluorescent  solution.  This  is  probably  a 
trimethyl  ether  of  datiscetin. 

Datiscin  C21H24OH  (S.  andM.),  the  glucoside 
crystallises  in  silky  needles,  which  melt  at  about 
190°,  and  dissolve  in  alkaline  solutions  with  a 
yellow  colour.  Hydrolysis  with  dilute  sulphuric 
acid  yields  datiscetin  and  rJiamnose,  not  datis- 
cetin and  glucose,  as  stated  by  Stenhouse  {l.c.). 

The  dyeing  properties  of  datisca  root  on  wool 
are  very  similar  to  those  of  old  fustic.  It  is, 
however,  slightly  inferior  in  dyeing  power, 
On  cotton  it  dyes  more  like  quercitron  bark,  in 
so  far  that  the  olives  obtained  on  iron  mordant 
are  bluer  in  shade,  as  though  some  tannin  matter 
were  present.  It  appears  to  have  about  the 
same  colouring  power  as  quercitron  bark,  but 
gives  a brighter  yellow  with  aluminium  mordant. 
Applied  to  wool,  it  differs  from  quercitron  bark 
by  giving  with  chromium  mordant  an  olive- 
yellow  which  is  not  of  such  a reddish  tinge,  and 
with  tin  mordant  a bright  yellow  instead  of  an 
orange.  It  is  an  excellent  dyestuff,  and  worthy 
to  rank  with  the  natural  yellow  mordant 
colouring  matters  at  present  in  use  (Hummel 
and  Perkin,  J.  Soc.  Chem.  Ind.  1895,  14,  458). 

A.  G.  P. 

DATISCIN  V.  Datisca  CANNABINA. 
DATISCETIN  v.  Datisca  cannabina. 

DATOLITE.  A native  boro-silicate  of  cal- 
cium HCaBSiOg,  containing  B2O3  21 ‘8  p.c. 
Monoclinic  crystals,  with  a profusion  of  small 
brilliant  faces,  many  with  five-sided  outlines, 
are  of  common  occurrence ; these  are  usually 
transparent  and  colourless,  or  with  a faint 
greenish  tinge  ; sp.gr.  3‘0.  The  mineral  most 
often  occurs  associated  with  zeolites  in  the 
amygdaloidal  cavities  of  basaltic  rocks,  e.g.  in 
the  neighbourhood  of  Edinburgh  and  Glasgow, 
and  at  Bergen  Hill  and  West  Paterson  in  New 
Jersey.  It,  however,  presents  several  other 
modes  of  occurrence,  viz.  in  granite  at  Baveno 
in  Piedmont ; in  diorite  at  Bosskopf  in  Baden  ; 
in  gabbro  with  copper  ores  at  Monte  Catini  in 
Tuscany  ; in  ‘ limurite  ’ (an  axinite-pyroxenite) 
at  Dundas  in  Tasmania ; in  serpentine  in  the 
Lizard  district  in  Cornwall ; in  calcite  veins  in 
sandstone  at  Sonthofen  in  Bavaria  ; in  veins  of 
silver  ore  at  Andreasberg  in  the  Harz  Moun- 
tains ; in  the  Lake  Superior  copper  mines  (here 
in  a compact,  opaque,  v'^hite  form  resembling 
unglazed  porcelain)  ; in  beds  of  magnetite  in 
gneiss  at  Arendal  in  Norway.  L.  J.  S. 
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DATURA  STRAMONIUM  v.  Tropeines. 

DAUCINE  CiiHigNj,  colourless,  oily  base, 
b.p.  240°-250°,  occurring  in  carrot  leaves 
(Pictet  and  Court,  Ber.  1907,  40,  3771),  together 
with  pyrrolidine. 

DEAD  DIPPING.  The  process  of  producing 
a pale-yellow  dead  surface  on  ornamental  brass - 
work.  The  brasswork,  after  the  final  stamping, 
with  its  adhering  black  scale  from  the  annealing 
oven,  is  placed  in  dilute  nitric  acid  until  the 
scale  is  detached,  when  it  is  removed  and 
washed  with  water.  It  is  next  plunged  into 
stronger  nitric  acid,  and  when  its  surface  is 
covered  with  minute  gas  bubbles,  it  is  washed 
in  a solution  of  argol  and  dried  in  hot  saw- 
dust. 

DEAD  OIL.  The  higher  boiling  fractions  of 
shale  oil,  from  which  the  greater  portion  of  the 
solid  paraffin  has  been  crystallised  out. 

DECACYCLENE  CggHig.  A hydrocarbon 
obtained  together  with  fluorocyclene  C48H28 
and  chlorene  C48H26  by  heating  acenaphthene 
with  lead  oxide  at  370°-380°  (Dziewonski  and 
Suknarowski,  Ber.  1918,  51,  457). 

?^-DECAHEXANEDICARBOXYLIC  ACID 
C02H[CH2]i8C02H.  Prepared  by  the  electro- 
lysis of  an  aqueous  solution  of  the  potassium 
salt  of  the  monoethyl  ester  of  suberic  acid,  and 
hydrolysing  the  diethyl  ester  thus  formed 
(Brown  and  Walker,  Annalen,  261,  125)  ; 

m.p.  118°. 

DECAMETHYLENEDICARBOXYLIC  ACID 

C02H-[CH2]io'C02H,  Prepared  by  heating  the 
methyl  ester  of  bromundecylie  acid  with  alcohol 
and  potassium  cyanide,  and  hydrolysing  the 
product  with  alcoholic  potassium  hydroxide 
(Nordlinger,  Ber.  1890,  2357)  ; m.p.  124’5°- 
125-5°. 

DECATOIC  ACIDS  C10H20O2. 

1.  Capric  acid  CH3(CH2)8C'OOH  is  found  as 
a glyceride  in  the  butter  of  the  cow  and  goat, 
and  in  cocoa-nut  oil,  in  association  with  caproic 
and  caprylic  acids.  Many  fusel  oils  also  contain 
it  (Fischer,  Annalen,  118,  307  ; Grimm,  ibid. 
157,  264  ; Rowney,  ibid.  79,  236),  and  it  is  found 
as  fsoamyl  caprate  in  certain  Hungarian  wines, 
and  is  formed  by  the  oxidation  or  distillation  of 
oleic  acid  (Redtenbacher,  ibid.  59,  45),  and  by 
heating  octylacetoacetic  ester  with  alcoholic 
potash  (Guthzeit,  ibid.  264,  5).  A white  crystal- 
line substance  of  m.p.  31-3°  ; b.p.  268-4°  (corr.)  ; 
sp  gr.  0-8858  at  40°/4°  ; possessing  a goat-like 
smell ; insoluble  in  cold  water,  but  slightly 
soluble  in  boiling  water. 

2.  Diisobutylacetic~acid 

[CH(CH3)2CH2]2CH-C00H 

Obtained  by  heating  difsobutylmalonic  acid 
(Bentley  and  Perkin,  Chem.  Soc.  Trans.  1898, 
62)  ; b.p.  225°-230°  (730  mm.). 

DECHENITE  v.  Vanadium. 

DECOiC  ACID,  CAPRIC  ACID  v.  Decatoio 

AGIO. 

DECOLOURISING  CARBONS.  This  term 
has  been  applied  to  nearly  pure  forms  of  carbon, 
possessing  remarkable  decolourising  powers, 
and  manufactured  only  within  the  last  ten 
years.  In  this  article  it  will  be  convenient  to 
groups  these  special  carbons  separately  from 
those  which  have  been  employed  as  decolorants 
for  over  a century. 


(a)  Vegetable  Charcoals. 

The  deeolourising  property  of  wood  charcoal 
was  first  observed  by  Lowitz  in  1791,  and  was 
used  for  treating  beet-syrup.  An  improved 
charcoal,  produced  by  washing  and  grinding, 
was  patented  by  Louis  Constant  in  1812,  and 
employed  in  the  refining  of  sugar.  Wood  char- 
coal is  manufactured  by  burning  wood  in  special 
ovens,  or  in  heaps,  air  being  excluded.  Oven 
chareoal  has  the  eomposition  : carbon,  81  p.c.  ; 
hydrogen,  4 p.c.  ; oxygen  and  mineral  matters, 
15  p.c.  Charcoal  burnt  in  heaps  has  the  com- 
position : carbon,  90  p.c.  ; hydrogen,  2-5  p.e.  ; 
oxygen  and  mineral  matters,  7-5  p.c.  Klasen 
and  Bergh  (Chem.  Zeit.  1910)  state  that  the 
oven-charcoal  absorbs  15  p.c.  by  weight  of 
oxygen  at  100°  C.  The  decolourising  power  of 
most  vegetable  charcoals  is  very  slight,  but 
superior  qualities  are  obtained  from  cherry 
stones,  cocoanut,  and  certain  grasses.  But  if 
wood  be  treated  with  certain  chemicals  before 
being  carbonised,  the  resulting  charcoal  is  a 
very  efficient  decolorant  {see  group  (c)  below). 

(b)  Animal  Charcoals. 

In  1811,  Fiquier  proved  that  bone  charcoal 
was  a far  more  effective  decolorant  than  wood 
charcoal.  In  1815,  Messrs.  P.  and  J.  Martineau 
patented  the  use  of  bone  charcoal  for  refining 
and  clarifying  sugar  solutions.  In  1817,  De 
Cavaillon  patented  the  calcining  of  bone  charcoal 
after  it  has  been  used  as  a decolorant,  rendering 
it  ‘ superior  to  new  charcoal,  and  the  operation 
may  be  repeated  any  number  of  times  with 
equal  effect.’.  Up  to  the  year  1828,  bone 
charcoal  was  used  in  the  form  of  fine  powder, 
mixed  with  the  liquid  to  be  decolourised,  and, 
finally,  separated  therefrom  by  filtration. 
Payen,  in  1828,  introduced  an  important  im- 
provement, the  ‘ bone-char  ’ being  produced  in 
a granular  form,  permitting  the  syrup  (or  other 
liquid)  to  be  filtered  through  the  bone- char  in 
‘ char  cisterns  ’ or  ‘ char  filters,’  first  designed 
by  Dumont.  The  granular  charcoal  acted  as 
efficiently  as  the  powder,  and  avoided  the 
troublesome  filtration  to  separate  the  powder 
from  the  liquid.  The  granular  form  was  also 
more  suitable  for  burning  in  order  to  restore  its 
activity  after  it  becomes  charged  with  organic 
impurities  absorbed  from  the  liquid  under 
treatment.  Dumont’s  ‘ char  filter  ’ was  of  the 
open  type,  operating  by  gravity.  The  modern 
vessels  are  closed,  and  operate  under  pressure, 
and  the  same  liquid  may  pass  through  two  or 
even  three  filters,  if  necessary. 

Formerly,  bone-char  was  employed  for 
decolourising  both  beet  and  cane  juices,  in  order 
to  produce  white  sugar  direct  from  the  plant. 
Less  costly  methods  of  purifying  these  juices  have 
led  to  the  abandonment  of  bone -char  in  the  raw 
sugar  factory,  and  its  application  in  the  refinery 
only. 

Manufacture  of  Animal  Charcoal.  The  bones 
employed  should  be  carefully  selected,  hard, 
and  free  from  extraneous  matter.  Whale  and 
fish  bones  are  not  of  a suitable  character, 
as  they  yield  a soft  char.  Bones  which  have 
been  exposed  to  atmospheric  action  for  a long 
time,  or  which  have  been  buried  in  the  ground, 
cannot  be  successfully  employed,  as,  owing  to 
the  alteration  in  their  composition,  they  produce 
a char  deficient  in  carbon. 
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Before  proceeding  to  earbonise  the  bones, 
the  fat  is  removed  by  boiling,  or  by  means  of  a 
suitable  solvent  such  as  benzene.  By  the  first- 
named  treatment  from  4 to  5 p.c.  of  fat  is  ex- 
tracted, and  by  the  second  from  8 to  12  p.c. 

The  crushed  bones  are  carbonised  in  appa- 
ratus similar  to  that  used  in  a gasworks,  in 
vertical  or  horizontal  iron  retorts  of  a round,  oval, 
or  D section,  the  latter  by  preference.  The  length 
of  the  horizontal  retort  is  usually  from  8 to  10 
feet,  the  long  diameter  being  18  inches  and 
the  short  diameter  of  the  oval  retort  12  inches. 
There  are  usually  five  or  seven  retorts  in  each 
bed.  The  retorts  are  connected  in  the  same 
way  as  gas  retorts,  with  a hydraulic  main,  and 
this  again  with  condensers  or  scrubbers  filled 
with  coke,  in  which  the  bone  oil  separates,  and 
from  which  the  gases  are  exhausted.  The  gases 
are  then  forced  through  a series  of  washers 
containing  water  to  remove  the  ammonia,  the 
residual  gases,  which  are  employed  for  heating 
and  lighting  purposes,  finally  passing  into  a gas- 
holder. Charges  of  about  2^  cwt.  of  bones  are 
carbonised  in  vertical,  and  5 cwt.  in  horizontal 
retorts,  the  operation  taking  about  6 to  8 hours 
with  the  former,  and  8 to  10  hours  with  the  latter. 
The  bone  oil,  collected  in  the  condenser,  amounts 
to  from  3 to  5 p.c.  on  the  bones  carbonised,  and 
the  ammonia  in  the  ammoniacal  liquor  is  equal 
to  about  8 p.c.  of  ammonium  sulphate,  into 
which  it  is  converted  in  the  usual  way.  When 
the  bones  are  completely  carbonised,  the  char- 
coal is  removed  from  the  retorts  and  cooled  in 
strong  sheet-iron  canisters,  which  are  at  once 
eovered  with  closely  fitting  lids  and  luted  round 
the  edges,  either  with  charcoal  paste,  or  a water 
lute.  The  char,  when,,  quite  cold,  is  crushed  in 
a suitable  mill  (any  iron  it  may  contain  being 
removed  by  passing  over  the  poles  of  an  electro- 
magnet), and  then  sifted  into  various  sizes  to 
suit  the  requirements  of  the  sugar-refiner.  It 
is  usually  moistened  before  grinding,  to  keep 
down  the  dust.  Good  bones  yield  about  65  p.e. 
of  char,  but  from  20  to  30  p.c.  of  this  is  dust, 
which  fetches  a lower  price  than  the  larger  grist. 

The  following  is  the  approximate  composition 
of  a good  sample  of  new  bone  charcoal : — 

Carbon  .....  10’51 


Calcium  and  magnesium  phos- 


phates,  calcium  fluoride,  &c. 

81-21 

Calcium  carbonate  . 

7-30 

Calcium  sulphate 

0-17 

Ferric  oxide  .... 

0-12 

Silica  ..... 

0-34 

Alkaline  salts  .... 

0-35 

100  00 

Moisture  originally  present 

8-00 

Space  occupied  by  one  ton,  48  cubic  feet. 

Weight  of  char  left  on  sieves 

of  various 

rees  of  fineness  : — 

Above  10  holes  to  linear  inch 

. 0 

10  to  20  ,,  „ „ 

. 28 

20  to  30  „ 

. 32 

30  to  40  „ 

. 27 

40  to  50  „ „ „ ^ 

. 11 

Through  50  ,,  ,,  or  clust  2 

100 

New  charcoal  of  good  quality  should,  in  the 
dry  state,  contain  not  less  than  9 and  not  more 
than  11-5  p.c.  of  carbon.  The  silica  should  not 
exceed  0-5  p.c.,  the  oxide  of  iron  0’15  p.c.,  the 
calcium  sulphate  0‘2  p.c.,  and  the  moisture 
8 p.c.  Its  weight  should  not  exceed  52  lbs.  per 
cubic  foot.  It  should  be  of  a dull  black  colour, 
and,  when  incinerated,  leave  an  ash  of  a uniform 
white  or  cream  colour ; the  presence  of  grey  or 
reddish  particles  indicates  that  the  sample  has 
been  mixed  with  old  charcoal.  When  brought 
in  contact  with  the  tongue,  it  should  adhere  to 
it  somewhat  strongly.  The  size  of  grain  depends 
upon  the  use  to  which  it  is  to  be  applied.  Large- 
grain  charcoal  is  preferable  for  strong  liquors, 
such  as  that  used  for  washing  loaf  sugar. 
Refiners,  as  a rule,  prefer  small  grain  ; if,  how- 
ever, it  be  very  small,  it  impedes  the  passage 
of  liquor  and  also  gives  considerable  trouble  in 
washing.  Char  may  be  used  over  and  over  again, 
and  sometimes  lasts  several  years,  being  revivi- 
fied from  time  to  time  by  reburning  in  special 
kilns  (see  Sugar).  When,  by  continued  use,  it 
has  lost  its  power  of  removing  colour,  it  is  known 
as  spent  char,  and  is  then  used  as  a manure, 
generally  after  treatment  with  sulphuric  acid,  so 
as  to  form  superphosphate  of  lime. 

The  carbon  always  contains  a certain  pro- 
portion of  nitrogen,  amounting  to  about  one- 
tenth  of  its  weight ; also  a minute  proportion 
of  hydrogen.  The  nitrogen  present  decreases 
whilst  the  bone  charcoal  is  being  used  for  sugar- 
refining. 

When  char  is  repeatedly  reburned,  it  becomes 
less  porous  and  shrinks  in  volume,  so  that  a ton, 
which  measures  48  to  54  cubic  feet  when  new, 
may  be  reduced  to  28  cubic  feet  after  being 
reburned  many  times ; in  other  words,  its 
apparent  density  may  be  nearly  doubled. 

Wallace  has,  however,  shown  that  the  real 
sp.gr.  varies  but  little  ; thus,  a new  char,  occu- 
pying 50-6  cubic  feet  per  ton,  or  having  an 
apparent  sp.gr.  of  0-71,  has  a real  sp.gr.  of 
2-822,  whilst  a moderately  old  sample,  occupying 
35  cubic  feet  per  ton,  or  having  an  apparent 
sp.gr.  of  1-03,  has  a real  sp.gr.  of  2*857,  or  only 
a trifle  over  that  of  the  new. 

Another  proof  that  char  loses  its  porosity 
by  long-continued  use  and  reburning,  is  afforded 
by  the  fact,  pointed  out  by  Wallace,  that  dry 
new  char  will  absorb  from  80  to  100  p.c.  of  its 
weight  of  water,  whereas  old  char  will  only  retain 
from  30  to  45  p.c. 

Properties. — Although  the  decolourising  pro- 
perty is  the  most  important,  bone-char  absorbs 
other  organic  and  mineral  substances  from  their 
solutions.  Tilliot  was  the  first  to  prove  that  the 
absorption  of  organic  matter  increases  with  the 
temperature,  and  Kohlrausch  first  demon- 
strated that  the  absorbed  colouring  matters 
remain  chemically  unchanged,  and  can  be 
extracted  from  the  charcoal  by  washing  it  with 
ammonia,  in  which  the  colouring  matters  dis- 
solve. It  was  proved  by  Graham  that  various 
mineral  substances  are  removed  from  solution 
by  animal  charcoal ; thus  the  lime  is  taken  up 
from  lime  water,  and  metallic  salts  are  absorbed 
from  their  solutions  in  water.  According  to 
Chevallier,  lead  nitrate  and  acetate  are  com- 
pletely removed  by  animal  charcoal.  Weppen 
has  shown  that  this  action  extends  to  a great 
variety  of  metallic  salts,  including  cupric,  zinc. 
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chromic  and  ferrous  sulphates,  nickel,  cobalt, 
silver,  mercurous  and  mercuric  nitrates,  tartar 
emetic,  stannous  chloride,  and  ferric  acetate. 

As  the  result  of  a number  of  experiments  on 
the  absorption  of  different  salts  by  animal 
charcoal,  Bodenbender  arrived  at  the  following 
conclusions  : — ■ 

1.  The  power  of  absorbing  salts  is  a physical 
property. 

2.  A given  weight  absorbs  a larger  proportion 
of  salts  from  a concentrated  than  from  a diluted 
solution  ; on  the  other  hand,  the  proportion 
absorbed  from  a constant  quantity  of  salts  is 
more  considerable  when  this  quantity  is  in  a 
dilute,  than  when  it  is  in  a concentrated,  solution. 

3.  The  presence  of  sugar  has  only  a slight 
influence  on  the  absorption  of  salts. 

4.  The  salts  of  potassium  are  absorbed  in 
smaller  proportion  than  those  of  sodium. 

5.  Among  the  salts  experimented  with,  the 
amount  taken  up  is  in  the  following  order, 
beginning  with  that  least  absorbed  : potassium 
chloride,  sodium  chloride,  potassium  nitrate, 
sodium  nitrate,  potassium  acetate,  sodium 
acetate,  potassium  sulphate,  sodium  sulphate, 
magnesium  sulphate,  potassium  carbonate, 
sodium  carbonate,  sodium  phosphate. 

6.  A chemical  action  of  charcoal  has  been 
observed  with  respect  to  some  carbonates,  oxa- 
lates, and  other  salts,  being  brought  about  by 
the  presence  of  calcium  sulphate  and  phosphate 
in  the  charcoal. 

7.  Charcoal,  saturated  with  one  salt,  is 
capable,  within  certain  limits,  of  withdrawing 
another  salt  from  solution. 

8.  There  is  less  absorption  of  a salt  when 
the  contact  is  brief  than  when  the  contact  is 
prolonged.  The  difference  due  to  time  of  contact 
ceases  when  the  contact  has  lasted  some  hours. 

Investigations  by  W.  B.  Clark  ( J.  Soc,  Chem. 
Ind.  1912,  262)  indicate  that  the  decolourising 
power  of  bone -char  depends  very  largely  on  the 
quantity  of  mineral  matter  and  reducing  sugar 
in  the  liquor  treated  in  the  sugar  refinery.  The 
first  portion  of  syrup  leaving  the  char  filter  con- 
tains only  about  60  p.c.  of  the  reducing  sugar, 
and  30  p.c.  of  the  mineral  matters  originally  in 
solution.  After  these  have  been  absorbed  by 
the  char,  they  are  subsequently  set  free,  so  that 
the  final  portions  of  syrup  contain  even  more 
reducing  sugar  and  mineral  matters  than  were 
originally  in  solution.  At  this  stage  there  is  a 
gradual  decrease  in  the  decolourising  power  of 
the  char.  After  the  syrup  inlet  has  been  closed, 
hot  water  is  passed  through  the  char  to  displace 
the  syrup.  In  this  wash-water,  the  reducing 
sugars  and  mineral  matters  are  present  in  con- 
siderable quantities.  This  washing  treatment 
restores  the  normal  activity  of  the  char,  although 
the  washed  char  still  contains  much  organic 
matter,  which  can  be  extracted  by  means  of 
caustic  soda  solution.  Clark  remarks  that  the 
behaviour  of  char  closely  resembles  diffusion,  the 
char  itself  acting  as  a dialyser,  permitting  the 
crystallisable  sugar  to  diffuse  through  it  more 
rapidly  than  the  other  substances  present.  Bone- 
char  attains  its  maximum  efficiency  after  being 
used,  washed,  and  burnt  several  times.  The 
porosity  is  thereby  reduced,  as  also  is  the  per- 
centage of  organic  matter  other  than  carbon,  and 
the  percentage  of  calcium  carbonate  is  reduced 
from  about  9 to  3 p.c.  The  residual  calcium 


exists  as  a basic  phosphate,  which  is  partially 
decomposed  by  heating  the  char  with  dilute 
acids,  causing  an  increase  in  decolourising 
power. 

New  char  exerts  a slight  oxidising  action  on 
colouring  matters  which  are  not  absorbed  by 
it.  Degener  and  Lack  state  that  freshly  ignited 
bone-char,  moistened  with  water,  and  exposed 
to  light  and  air,  produces  a perceptible  quantity 
of  hydrogen  peroxide,  and  is  thus  rendered  more 
active  than  the  untreated  char.  If  milk  of  lime 
be  sprinkled  over  the  char,  calcium  peroxide  is 
produced. 

The  high  decolourising  power  of  bone-char 
relative  to  wood  charcoal  was  formerly  supposed 
to  be  due  to  the  presence  of  5-7  p.c.  of  nitrogen 
in  the  former,  and  only  traces  in  the  latter ; but 
this  view  has  now  been  abandoned  in  favour  of 
a physical,  or  purely  mechanical,  action. 

Charcoal  prepared  from  flesh  has  about  the 
same  decolourising  efficiency  as  that  made  from 
bone.  Blood  charcoal  is  less  efficient.  Fish 
charcoal  is  the  subject  of  a patent  by  Adler, 
1913.  The  finely  minced  fish  is  boiled  with 
water,  carbonised,  and  the  resulting  charcoal 
washed  with  hydrochloric  acid. 

(c)  ‘ Decolourising  Carbons.' 

As  stated  under  (a),  very  active  carbons 
can  be  obtained  from  various  woods  when 
these  are  chemically  treated  before  being 
carbonised.  The  earliest  patent  appears  to  be 
that  of  R.  von  Ostrejko,  in  August,  1900,  for 
treating  wood  powder  with  calcium  chloride  or 
magnesium  chloride  before  carbonising,  and 
subsequently  treating  the  carbon  with  acid  tqj 
extract  the  lime.  In  a^  later  patent,  October, 
1900,  he  employs  calcium  acetate  or  chloride, 
and  starch  mucilage.  Subsequent  patentees 
employ  sulphuric  acid  at  200°  C.  (Halse,  1902)  ; 
earthy  lignites  treated  with  kaolin  (Goldstein, 
1907) ; carbonaceous  matter  of  animal  or 
vegetable  origin  is  ignited  in  the  presence  of 
chlorine  gas  (Molenda  and  Wunsch,  1912) ; peat 
treated  with  hydroxides  or  carbonates  of  potas- 
sium, sodium,  calcium,  or  barium  (Kruszewski, 

1912)  ; wood  treated  with  zinc  chloride  (Wunsch, 

1913)  ; wood  treated  with  calcium  oxide  or 
carbonate  (Bonnard,  1914). 

Two  very  successful  carbons  are  the  Dutch 
‘ Norit  ’ and  the  German  ‘ Eponit.’ 

‘ Norit  ’ is  a fine  black  powder,  containing 
94-96  p.c.  carbon,  and  4-6  p.c.  mineral  matters. 
It  possesses  about  30  times  the  decolourising 
power  of  bone-char,  and  about  100  times  that 
of  wood  charcoal.  The  activity  increases  in  the 
presence  of  acids,  but  diminishes  in  the  presence 
of  alkalis. 

‘ Eponit  ’ is  also  a fine  powder,  containing 
carbon,  86-5  p.c,  ; mineral  matters,  4d  p.c,  ; and 
moisture,  9 '4  p.c.  Experiments  by  Strohmer 
indicate  that  it  possesses  10  times  the  decolour- 
ising power  of  bone-char,  and  is  not  influenced 
by  the  acidity  or  alkalinity  of  the  liquid  treated. 
From  his  chemical  and  microscopical  examina- 
tion he  concludes  that  ‘ Eponit  ’ is  a carbonised 
vegetable  substance,  probably  wood. 

More  recently,  a Committee  of  the  Royal 
Society  of  .Jjondon  has  investigated  this  carbon, 
and  attempted  to  reproduce  it  by  carbonising 
various  kinds  of  wood.  The  conclusion  arrived 
at  was  that  ‘ Eponit  ’ is  made  from  a mixture 


485 


DEGRAS,  OR  SOD  OIL. 


of  coniferous  wood,  such  as  pine  or  cedar,  and 
angiospermous  wood,  such  as  poplar  or  willow. 

Following  Ostrejko’s  patent  {see  above),  the 
Committee  carried  out  the  following  experi 
ments  : — 

{a)  A mixture  of  pine  and  willow  woods  was 
treated  with  ealcium  acetate  and  starch, 
carbonised  at  a white  heat,  and  the  resulting 
carbon  boiled  with  hydrochloric  acid,  washed 
with  water,  and  heated  to  a red  heat  in  a retort. 

{b)  Cedar  wood  was  treated  with  calcium 
acetate  alone,  before  carbonising,  and  the  same 
subsequent  treatment. 

Both  (a)  and  (&)  proved  superior  to  ‘ Eponit.’ 
Further  experiments  with  cedar  and  willow  were 
conducted  as  follows  : (a)  untreated ; (b) 

treated  with  milk  of  lime  ; and  (c)  with  calcium 
acetate  before  carbonising  at  a white  heat, 
subsequent  treatment  as  before.  The  following 
results  were  obtained  : (a)  both  charcoals  were 
useless  for  decolourising  purposes  ; (b)  and  (c) 
both  woods  gave  very  active  charcoals,  equal  to 
‘ Eponit,’  (c)  being  slightly  superior  to  (b). 
The  Committee  concluded  that  the  type  of 
wood  has  little  or  no  influence  on  the  result, 
and  that  probably  any  porous  wood,  after 
similar  chemical  treatment,  would  yield  an  active 
charcoal.  Further,  that  the  treatment  with 
milk  of  lime  is  less  eostly  than  that  with  calcium 
acetate,  and  the  resulting  carbon  is  practically 
equal  in  decolourising  power. 

Pellet  (Bull.  Assoc.  Chim.  Suer.  1916,  33, 
220-227)  has  studied  the  relative  decolourising 
powers  of  numerous  carbons  and  charcoals 
relative  to  ‘ Eponit  ’ taken  as  standard.  He 
employed  a dilute  solution  of  molasses,  previously 
clarified  with  basic  lead  acetate  and  the  clear 
solution  acidified  with  (a)  hydrochloric  ; and  (b) 
sulphurous  acids.  As  some  of  the  carbons 
gave  slightly  different  values  in  the  presence  of 
these  different  acids,  the  two  following  series 
were  obtained,  in  which  ‘ Eponit  ’ is  the  most 
efficient : — 

(а)  With  hydrochloric  acid  : Eponit,  1 ; 
Littoral,  2 ; Flandrac,  3 ; Flaming,  4 ; special 
carbon  for  wines,  5 ; bone-char,  6 ; special 
carbon,  7 ; bone- char  washed  with  acid,  8 ; 
cherry  stone  carbon,  9. 

(б)  With  sulphurous  acid:  Eponit,  1;  Flandrac, 
1 ; Littoral,  2 ; special  carbon,  3 ; special  carbon 
for  wines,  5 ; bone-char  washed  with  acid,  6 ; 
Flaming,  7 ; bone-char,  8;  cherry-stone  carbon,  9. 

‘ Norit  ’ and  ‘ Eponit  ’ resemble  bone-char  in 
absorbing  organic  and  mineral  matters  from  the 
solutions  treated  by  them,  and  thus  gradually 
losing  their  activity.  This  can  be  restored  by 
two  methods  : (a)  carbonising,  so  as  to  destroy 
the  organic  matter ; and  (b)  by  boiling  with 
dilute  caustic  soda,  which  dissolves  the  organic 
matters,  after  which  the  carbon  is  separated  in 
a filter-press,  and  washed  with  hot  water  until 
free  from  alkali. 

In  the  former  method,  a special  type  of 
kiln  must  be  employed  (Wijnberg’s  Patent,  1916). 
The  second  method  was  patented  by  Wijnberg 
and  Sauer  in  1911  and  1912,  and  requires  no 
special  plant,  but  appears  to  have  been  applied 
to  bone-char  many  years  previously.  In  another 
patent  by  Wijnberg,  in  1915,  Norit  is  employed 
to  facilitate  filtration  of  sugar  juices  through 
cloth-filters,  owing  to  its  power  of  absorbing 
gums  and  pectins. 


(d)  Mineral  Carbons. 

Coal,  or  other  bituminous  substance,  is 
impregnated  with  an  alkali,  or  alkali  carbonate, 
and  some  time  later  with  an  acid  ; or  first  with 
acid,  and  later  with  alkali,  before  ignition  in 
retorts  (Lotz,  D.  R.  P.  1911).  ‘ Culm,’  a bitu- 

minous mineral  present  in  the  alum  slate  of 
Sweden,  is  dry  distilled,  the  residue  leached  with 
acid,  and  washed  with  water.  It  can  be  re- 
generated by  washing  and  re-heating  (Hellsing, 
Eng.  Pat.  1913).  Coal  is  heated  with  excess  of 
anhydrous  zinc  chloride  in  an  open  vessel  until 
the  chloride  begins  to  volatilise.  The  mass  is 
cooled,  erushed,  washed  in  a filter  press  with 
dilute  hydrochloric  acid,  and  finally  with  water 
(Wunseh,  Eng.  Pat.  1914).  The  residue  from 
shale-oil  distillation  is  carbonised  (Catlin, 
U.S.  Pat.  1917). 

(e)  Carbons  produced  from  Industrial  By 
Products. 

Clacher  claims  that  an  active  carbon  can  be 
prepared  from  ‘ bagasse,  ’or  crushed  sugar  cane, 
after  the  extraction  of  the  juice  (Int.  Sugar 
Journ.  1914,  64-66).  The  Pan  Chemical  Co., 
U.S. A.,  manufacture  an  active  carbon  from  the 
by-product  obtained  in  the  manufacture  of 
salts  of  tartaric  acid  from  argol.  This  residue 
contains  50  p.c.  moisture,  and  50  p.c.  crude 
fibre  with  lime  and  sand.  It  is  dried  and  heated 
in  retorts  (U.S.  Pat.  1912).  Matheus  (Papier- 
fabrikant,  1911,  9,  1435)  evaporates  sulphite 
waste  lyes  with  milk  of  lime  to  a thick  syrup, 
and  finally  in  flat  vessels,  until  it  solidifies, 
forming  a brittle  mass.  This  is  powdered  and 
heated  in  a closed  vessel. 

‘ Black  ash  residue,’  obtained  by  evaporating 
the  alkali  separated  from  wood  pulp,  consists 
mainly  of  carbon  with  1-5  p.c,  of  ash.  The 
percentage  of  ash  can  be  reduced  to  about 
0*8  p.c.  by  washing  the  residue  with  hydrochloric 
acid.  The  washed  carbon  has  ten  times  the 
decolourising  power  of  bone-char  (McKee, 
U.S.  Pat.  1914).  T.  H.  P.  H. 

DEGRAS,  or  SOD  OIL,  is  the  waste  fat 
obtained  in  the  chamoising  process,  and  is  used 
for  currying  purposes,  i.e.  dressing  bark- tanned 
or  chrome-tanned  leather.  The  skins  which 
are  to  be  converted  into  chamois  leather,  are 
first  ‘ limed,’  the  hair  is  then  removed  and  the 
unhaired  hides  are  ‘ drenched,’  i.e.  placed  in  a 
‘ sour  bath,’  in  which  the  free  lime  is  neutralised 
through  the  development  of  an  acid  fermenta- 
tion, caused  by  Bacillus  furfuris.  The  skins  are 
then  stretched  and  well  rubbed  with  whale  oil, 
or  cod  (liver)  oil,  in  the  United  States  with 
menhaden  oil,  and  worked  in  ‘ stocks,’  so  as  to 
become  thoroughly  saturated  with  the  oil. 
The  skins  are  then  exposed  to  the  air,  and  the 
process  of  rubbing  with  oil  and  stamping  in  the 
stocks  is  repeated  until  enough  oil  has  been 
absorbed.  By  exposure  to  the  atmosphere,  a 
portion  of  the  oil  becomes  changed,  and  is  most 
likely  converted  into  the  glycerides  of  ‘ oxidised  ’ 
acids.  In  order  to  promote  the  oxidation  of  the 
oil,  the  skins  are  heaped  together  in  a warm 
room,  and  covered  carefully  with  canvas,  so  as 
to  keep  the  generated  heat  in  the  heap  whereby 
a large  proportion  of  the  oil  is  converted  into 
‘ oxidised  ’ oil.  The  bulk  of  the  oil  is  expressed 
from  the  skins  by  pressure,  the  remainder  of  the 
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oil  retained  by  the  skins  being  removed  by  one 
of  the  two  following  methods,  known  respectively 
as  the  English  and  German  method,  or  the 
French  method.  In  the  English  and  German 
method,  the  skins  are  washed  with  alkaline 
lyes  ; the  emulsion  thus  obtained  is  acidified 
with  sulphuric  acid,  when  the  fatty  matter 
separates  and  is  skimmed  off.  This  fatty 
substance  forms  the  ‘ sod  oil  ’ of  commerce. 
In  the  French  method,  the  skins  are  ‘ stocked,’ 
aired,  and  ‘ fermented  ’ for  a shorter  period 
than  in  the  English  or  German  method,  so  that 
a large  proportion  of  the  oil  can  be  obtained 
from  the  skins  by  steeping  them  in  warm  water, 
and  wringing  or  pressing  in  hydraulic  presses. 
The  oil  thus  obtained  is  termed  ‘ premiere  torse 
moellon.’  The  oil  still  retained  by  the  skins  is 
recovered  by  washing  with  alkaline  lyes,  as  is 
done  in  the  English  and  German  method,  and 
the  fatty  matter  so  recovered  is  usually  added 
to  the  moellon.  An  addition  of  other  oils  is 
also  made  to  moellon,  and  for  this  reason  the 
commercial  product  contains  less  fibre  and 
mineral  matter  than  sod  oil. 

The  most  characteristic  constituents  of  degras 
are  the  oxidised  fatty  acids. 

According  to  Jean,  the  characteristic  oxida- 
tion product  is  a resin-like  body  melting  at 
65°-67°.  This  substance  is  insoluble  in  petro- 
leum spirit,  but  dissolves  in  alkaline  solutions, 
from  which  it  is  again  precipitated  on  the 
addition  of  acid.  It  has  been  termed  degras 
former  by  Simand,  and  has  been  shown  by 
Fahrion  to  be  composed  of  a mixture  of  hydroxy 
acids  and  anhydrides. 

Degras  is  largely  admixed  with  fish  oils, 
blubber  oils,  tallow  of  low  quality,  &c.  Accord- 
ing to  trade  custom,  such  products  are  con- 
sidered as  a genuine  product.  On  the  other 
hand,  the  numerous  substitutes  of  degras,  or 
artificial  degras,  which  occur  in  commerce, 
consist  of  highly  adulterated  degras,  the 
adulterants  being  mineral  oils,  wool  fat,  or 
blown  blubber  oil,  and  rosin.  Analyses  of 
degras  and  sod  oils  of  difl’erent  kinds  are  given 
in  J.  Soc.  Chem.  Ind.  1891,  10,  557  ; 1892,  11, 
639 ; and  J.  Amer.  Chem.  Soc,  1899,  21,  291. 

J.  L. 

DEHYDROTHIO  p TOLUIDINE,  DEHYDRO- 
THIO  p-TOLUIDINE  SULPHONIC  ACID,  v. 

Primuline  and  its  derivatives. 

DEHYDROTHIO  m XYLIDINE 


is  prepared  by  heating  m-xylidine  with  sulphur 
until  hydrogen  sulphide  ceases  to  be  evolved 
(c/.  Dehydrothio-p-toluidine ; Art.  Primuline). 
The  excess  of  m-xylidine  is  removed  by  distilla- 
tion and  the  residue  treated  with  hydrochloric 
acid,  in  which  the  t<sodehydrothio-m-xylidine 
(m.p.  121°),  formed  simultaneously,  is  insoluble  ; 
m.p.  107° ; b.p.  283°/14  mm.  Insoluble  in 
water,  readily  soluble  in  hot  alcohol  (Anschutz 
and  Schultz,  Ber.  1889,  22,  582  ; Paul,  Zeitsch, 
angew.  Chem.  1896,  9,  679). 

DELPHINE  BLUE  v.  Oxazine  colouring 

MATTERS. 


CYANINS. 

DELPHININE  is  one  of  a series 

of  ill-defined  poisonous  alkaloids,  including 
delphisine,  delphinoidine,  siaphisagroine,  and 
staphisagroidine,  found  in  stavesacre  seeds 
{Delphinium  Staphisagria  (Linn.).  Official  in 
the  B.  P.  and  U.S.  P.  (Kora-Stojanofi,  Chem, 
Zentr.  1890,  [ii.]  628,  and  Ahrens,  Ber.  1899,  32, 
1581,  1669.)  Delphinium  consolida  and  D. 
ajacis,  according  to  Keller  (Arch,  Pharm.  1910, 
248,  468  ; 1913,  251,  207),  also  contain  alkaloids. 
From  various  Delphinium  spp  Heyl  has  ob- 
tained ‘ delphocurarine,’  an  amoiyhous  mixture 
of  bases,  including  a crystalline  substance, 
m.p.  184°-185°  (Chem.  Soc.  Abstr.  1903,  i.  650). 

‘ Delphocurarine  ’ resembles  curarine  in 
physiological  action  (Lohmann,  Pflug.  Arch, 
1902,  92,  398). 

DELPHINIUM  CONSOLIDA.  Delphinium 
consolida  is  a common  European  plant  belonging 
to  the  Larkspur  family ; its  name  refers  to  its 
powers,  real  or  imaginary,  of  healing  or  con- 
solidating wounds.  The  blue  flowers  were 
examined  by  Perkin  and  Wilkinson  (Chem.  Soc. 
Trans.  1902,  81,  585)  to  determine  if  these  yield 
the  same  colouring  matters  as  those  previously 
isolated  from  the  flowers  of  the  D.  zalil  {ibid. 
1898,  73,  267).  The  presence  of  kaempferol 
only  could,  however,  be  detected.  For  its 
isolation  an  aqueous  extract  of  the  flowers 
was  digested  at  the  boiling-point  with  addition 
of  sulphuric  acid,  and  the  brown  resinous 
product  which  separated  on  keeping,  extracted 
with  alcohol  and  the  extract  evaporated  to  a 
small  bulk.  Addition  of  ether  to  this  solution 
caused  the  precipitation  of  resinous  impurity, 
and  on  evaporating  the  ethereal  liquid  a semi- 
crystalline residue  of  the  crude  colouring  matter 
was  obtained.  The  product  was  crystallised 
from  dilute  alcohol,  converted  into  acetyl 
derivative,  and  this  after  purification  re  trans- 
formed into  colouring  matter  in  the  usual 
manner.  The  yield  was  approximately  1 p.c. 

Kaempferol  CigH^o^s  consists  of  yellow 
needles,  m.p.  276°-277°,  soluble  in  alkaline 
solutions  with  a yellow  colour.  These  liquids 
on  exposure  to  air  are  slowly  oxidised  with 
development  of  a brown  tint. 

Tetra-acetylkaempferol  Ci5Hg0g(C2H30)4, 
when  crystallised  from  methyl  alcohol  forms 
colourless  needles,  and  when  heated  commences 
to  melt  at  116°  and  becomes  completely  fluid 
at  120°.  On  further  heating,  however,  gradual 
solidification  ensues  and  the  product  subse- 
quently melts  at  181°-182°.  This  peculiarity  of 
acetylkaempferol,  which  is  not  apparent  when 
the  substance  is  crystallised  from  ordinary 
alcohol,  affords  a convenient  method  for  its 
detection. 

Trihromkaempferol  CigH^BraOg  forms  yellow 
needles,  m.p.  275°-277° ; kaempferol  sulphate 
C15H10O8H2SO4,  orange-red  needles ; kaemp- 
ferol hydriodide  CigHioDgHI,  needles,  and 
monopotassium  kaempferol  CjgHgOgK,  orange- 
yellow  prismatic  needles. 

Kaempferide,  a monomethyl  ether  of  kaemp- 
ferol, exists  in  Galanga  root,  and  a mono- 
methyl ether,  apparently  distinct  from  this 
latter,  has  been  isolated  from  the  berries  of  the 
Rhamnus  catharticus.  The  glucosides  at  present 
1 known  of  kaempferol  are  rohinin,  which  occurs 


DENATURANTS. 


487 


in  the  flowers  of  the  Robinia  pseudacacia ; Icaemp- 
feritrin,  found  in  the  leaves  of  the  Indigofera 
arrecta  ; and  kaempferin,  which  has  been  isolated 
from  senna. 

Fused  with  alkali,  kaempferol  gives  pMoro- 
glucinol  and  p-hydroxybenzoic  acid. 

To  kaempferol  v.  Kostanecki  assigned  the 
constitution  of  a trihydroxyfiavonol  (Ber.  1901, 
34,  3723) 

II  ^ — / 

^O/COH 


and  its  synthesis  was  subsequently  effected  by 
V.  Kostanecki  and  Tambor  (Ber.  1904,  37,  792). 

2-Hydroxy-4:  : 6 : 4:' -trimethoxychalkone  (1) 

when  digested  with  boiling  dilute  alcoholic 
sulphuric  acid  gives  1:3:  4'-trimethoxy  fiava- 
none  (2)  : — 
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-OH  CH- 

II 

CO— CH 
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OCH, 


(2) 
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"^CH— ^OCH. 
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/CH, 


and  the  latter  by  means  of  amyl  nitrite  and 
hydrochloric  acid  is  converted  into  iso-nitroso- 
1:3:  4' -trimethoxyfiavanone  (3). 

When  a solution  of  this  substance  in  acetic 
acid  is  boiled  with  10  p.c.  sulphuric  acid  1:3:4'- 
trimethoxyflavonol  (4)  is  produced,  from  which  by 
the  action  of  hydriodic  acid  kaempferol  (5)  is 
readily  prepared  : — 

CH,0  ^ \CH— / \0CH, 
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Kaempferol  possesses  well-defined  dyeing 
properties,  and  gives  with  mordanted  woollen 
cloth  the  following  shades  which  closely  resemble 
those  given  by  morin  : — 


Chromium. 

B rownish-y  ello  w . 
Tin. 

Lemon-yellow. 


Aluminium. 

Yellow. 

Iron. 

Deep  olive-brown. 


It  is  also  present  in  the  Impatiens  balsamina 
(Chantili  Pass),  the  Erythrina  stricta  (vernacular 
name  ‘Kon  kathet’)  (Perkin  and  Shulman, 
Chem.  Soc.  Proc.  1914,  30,  177),  the  berries 
of  the  Rhamnus  catharticus  and  together 
with  quercetin,  both  apparently  as  glucosides, 
in  the  flowers  of  the  Prunus  spinosa  (Perkin  and 
Phipps,  Chem.  Soc.  Trans.  1904,  85,  56).  For 
the  separation  of  the  two  colouring  matters  a 
fractional  crystallisation  from  acetic  acid  was 


employed,  kaempferol  in  these  circumstances 
being  the  more  sparingly  soluble.  A.  G.  P. 

DELPHLEGMATOR.  An  apparatus  used  in 
fractional  distillation.  The  term  is  also  em- 
ployed in  distilleries  for  an  apparatus  for  freeing 
alcohol  from  water  (phlegma). 

DELTA  ACID.  Disulpho  acid  S.  1-Naph- 
thylamine-4  : 8-disulphonic  acid. 

DELTAPURPURIN  v.  Azo-  COLOURING 

MATTERS. 

DENATURANTS.  This  term  is  applied  to 
substances  which  are  added  to  articles  usually 
subject  to  revenue  imposts,  and  primarily 
intended  for  human  consumption  (as  spirits, 
tobacco,  &c,)  in  order  to  render  such  articles 
unfit  for  human  consumption,  but  without 
impairing  their  efficacy  as  raw  material  for  use 
in  various  arts  and  manufactures.  Articles  thus 
‘ denatured  ’ may  safely  (from  a revenue  point 
of  view)  be  released  from  revenue  control 
without  payment  of  duty. 

The  principles  underlying  the  choice  of 
suitable  denaturants  are  mainly  as  follows  : — 

(a)  They  should  be  inexpensive,  so  as  not  to 
add  materially  to  the  cost  of  the  denatured  article ; 

(b)  Their  use  should  cause  the  minimum 
amount  of  inconvenience  to  the  manufacturer, 
both  in  regard  to  his  processes  and  the  necessary 
revenue  supervision  involved ; 

(c)  The  denaturant  should  not  be  incom- 
patible with  the  process  of  manufacture  or  the 
subsequent  use  of  the  denatured  article  ; 

(dj  It  should  be  of  such  a nauseous  and 
repugnant  character  as  to  remove  any  tempta 
tion  to  would-be  consumers  of  the  denatured 
article  ; and 

(e)  The  denaturant  should  have  such  a 
relation  to  the  original  article  both  in  quantity 
and  character  as  to  preclude  its  removal  from 
the  mixture  by  any  process  which  could  be 
profitably  carried  out  on  a commercial  scale, 
and  it  should  be  capable  of  being  readily 
detected  even  if  present  in  very  small  quantity 

In  the  United  Kingdom  the  dutiable  articles 
allowed  to  be  denatured  are  lea,  tobacco,  wine, 
and  spirit,  the  last  being  by  far  the  most 
important,  both  by  reason  of  the  large  amount  of 
revenue  derived  from  it,  and  the  great  variety 
and  extent  of  its  applications  in  the  arts  and 
manufactures. 

Tea.,  before  being  admitted  for  consumption 
in  the  United  Kingdom,  is  examined  by  the 
Customs  under  sect.  30  of  the  Sale  of  Food  and 
Drugs  Act,  1875,  and,  if  found  satisfactory,  is 
passed  on  payment  of  duty  : but  if  otherwise,  it 
is  refused  admission  as  ‘ tea.’  Since,  however,  it 
still  possesses  a certain  commercial  value  as  a 
raw  product  for  the  e.xtraction  of  theine  or 
caffeine,  the  Commissioners  of  Customs  and 
Excise  usually  permit  it  to  be  admitted  for 
this  purpose  duty  free,  after  it  has  been 
effectively  denatured  in  such  a way  as  to 
make  it  unsuitable  for  use  as  a beverage, 
but  without  interfering  with  its  efficacy  as  a 
source  of  caffeine.  The  same  applies  to  those 
teas  which  have  been  accidentally  damaged 
and  are  voluntarily  withdrawn  by  the  importers 
from  sale  as  ‘ tea.’ 

In  the  case  of  tea,  the  denaturing  process 
consists  in  grinding  and  mixing  the  tea  with  lime 
and  asafoetida  in  the  proportions  of  1 part  of  asa- 
foetida  and  100  parts  of  lime  to  1000  parts  of  tea 
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Tobacco  is  dutied  on  the  whole  leaf,  of  which 
certain  portions,  as  the  midribs  or  so-called 
‘ stalks,’  are  by  manufacturers  treated  as 
waste  or  ‘ offal,’  and  the  same  applies  to  the 
unused  portions  of  manufactured  tobacco, 
known  as  ‘ shorts  ’ or  ‘ smalls.’  On  these  the 
duty  which  has  been  paid  is  returned  as  ‘ draw- 
back ’ to  the  manufacturer  on  condition,  either 
that  the  tobacco  offal  is  surrendered  to  the 
Government  for  destruction,  or  (if  intended  for 
such  purposes  as  the  manufacture  of  nicotine, 
insecticides,  sheep  dips,  &c.),  that  it  is  denatured 
according  to  certain  prescribed  formulae,  and 
under  the  supervision  of  revenue  officers. 
Denaturing  is  equally  necessary  in  the  case  of 
offal  from  tobacco  manufactured  in  bond 
(although  no  duty  has  been  paid  nor  drawback 
given),  in  order  to  prevent  its  fraudulent  use  as 
a substitute  for  duty-paid  tobacco. 

The  following  formulae  have  been  officially 
approved  in  the  United  Kingdom  for  denaturing 
certain  preparations  having  tobacco  as  a basis  : — 

{a)  Sheep  wash.  To  every  100  lbs.  of 
tobacco  are  added  10  lbs.  of  blue  vitriol,  15  lbs. 
of  common  salt,  2 lbs.  of  oil  of  turpentine. 

(b)  Tobacco  extract  manufactured  in  bond 
may  be  denatured  by  adding  30  parts  of  soft 
soap  to  70  parts  of  extract. 

(c)  Hop  powder.  To  every  75  lbs.  of  snuff  or 
tobacco  are  added  28  lbs.  of  sulphur,  5 lbs.  of 
asafoetida,  and  3 lbs.  of  sago  flour. 

{d)  Fumigant  for  horticultural  purposes.  To 
every  100  lbs.  of  tobacco  or  snuff  are  added 
10  lbs.  of  ground  hellebore,  18  lbs.  of  saltpetre, 
6 lbs.  of  asafoetida,  4 lbs.  of  cayenne,  2 lbs.  of 
lampblack,  10  lbs.  of  sago  flour. 

Wine  which  has  become  unsound  and  sour 
(owing  to  the  formation  of  acetic  acid)  so  as  to 
be  no  longer  suitable  for  use  as  a beverage,  is 
released  from  revenue  custody  after  being 
denatured  with  a view  to  its  conversion  into 
wine  vinegar.  The  denaturant  used  in  this  case 
is  20  p.c.  of  commercial  vinegar,  or  an  equivalent 
quantity  of  acetic  acid. 

(For  methods  of  denaturing  alcohol,  v. 
Methylated  spirits  and  Industrial  alcohol,  art. 
Alcohol.)  J.  C. 

DENITRIFICATION  v.  Fermentation  and 
Soils. 

DENSIMETER  v.  Specieic  gravity. 

DENT  A LONE.  A solution  of  chloretone  in 
essential  oils. 

DERMATOL.  Bismuth  subyallate  (v. 
Bismuth,  Organic  compounds  of  ; also  Syn- 
thetic drugs). 

DERMOGEN.  A trade  name  for  zinc 
peroxide. 

DERMOL.  Bismuth  chrysophanate.  A 
yellowish  - brown  powder,  said  to  have  the 
composition  Bi(Ci5H904)3Bi203.  According  to 
Merck,  it  is  a mixture  of  impure  chrysaro- 
bin  and  bismuth  hydroxide  {v.  Bismuth 
Organic  compounds  of  ; Chrysarobin  and 
Synthetic  drugs). 

DERRIS  ULIGINOSA  (Benth.).  The  stem  of 
this  species  of  derris,  used  in  the  Far  East  as  a 
fish  poison,  contains  a poisonous  resin  (Proc. 
Amer.  Pharm.  Assoc.  1902,  50,  296). 

DESAEGIN  (‘Colloidal  chloroform’).  An 
albuminous  substance  containing  chloroform. 

DESCLOIZITE.  A basic  lead  and  zinc 
vanadate,  (Pb,Zn)2(0H)V04,  crystallising  in  the 


orthorhombic  system,  and  isomorphous  with 
olivenite  (basic  copper  arsenate).  A small 
amount  of  copper  is  sometimes  present.  The 
small  crystals  are  deep  reddish-brown  in  colour, 
and  the  streak  is  a paler  yellowish- brown.  It 
occurs  in  veins  of  lead  ore  in  association  with 
vanadinite,  &c.,  and  has  been  mined  to  a 
limited  extent  in  New  Mexico  and  Arizona,  as 
a source  of  vanadium.  It  also  occurs  in  con- 
siderable quantities  in  the  Sierra  de  Cordoba  in 
Argentina,  and  at  Broken  Hill  in  North-Western 
Rhodesia.  L.  J.  S. 

DESICCATION  AND  DRYING.  The  removal 
of  mechanically  admixed  water  from  substances. 
The  removal  of  chemically  combined  water  is 
usually  termed  dehydration,  but  it  is  not  always 
possible  to  draw  a sharp  distinction  between 
the  two  processes. 

A substance  may  be  termed  ‘ dry,’  even 
though  it  still  contains  mechanically  admixed 
water,  provided  that  this  water  is  not  apparent 
to  the  touch ; the  term  ‘ desiccation  ’ refers, 
strictly  speaking,  to  the  complete  removal  of 
admixed  water. 

The  importance  of  drying  and  desiccating 
will  be  appreciated  by  a consideration  of  the 
numerous  reasons  for  which  these  processes 
have  to  be  employed,  among  which  the  following 
may  be  mentioned  : — 

1.  To  preserve  material  from  undergoing 
physical  and  chemical  alterations,  e.g.  leather, 
tobacco,  fruit. 

2.  To  remove  water  needed  in  preceding 
operations,  e.g.  drying  coal  after  washing, 
woollen  and  cotton  goods  after  dyeing,  &c. 

3.  To  facilitate  accurate  sampling,  since 
substances  are  much  more  readily  and  uniformly 
mixed  in  the  dry  state  than  in  the  moist  condition. 

4.  To  diminish  the  weight  of  an  unnecessary 
ingredient  and  thereb}^  diminish  cost  of  packing, 
carriage,  and  freight ; e,g.  timber,  peat,  &c. 

5.  To  retain  desirable  moisture  in  a sub- 
stance by  drying  its  surface,  thereby  rendering 
the  outer  layer  impervious  to  moisture,  e.g.  the 
drying  of  soaps  and  chocolates. 

6.  To  prevent  injury  to  health  or  goods,  as 
in  the  case  of  the  moisture-laden  air  of  textile 
factories,  evaporating  rooms,  &c. 

7.  To  prevent  waste  of  heat  in  vapourising 
water  when  combustibles  are  burnt. 

A slight  consideration  of  the  various  pur- 
poses served  by  drying  processes  is  sufficient 
to  bring  out  the  wide  range  of  degrees  of  dry- 
ness, and  the  various  conditions  to  which  the 
term  ‘ dry  ’ is  apphed.  This  vagueness  arises 
partly  from  the  difficulty  of  stating  quantita- 
tively the  amount  of  water  present  in  a given 
instance,  and  partly  owing  to  the  varying 
capacity  that  substances  possess  for  absorbing 
moisture.  Thus  it  is  that  in  ordinary  conversa- 
tion substances  are  variously  described  as 
‘ soaked,’  ‘ wet,’  ‘ moist,’  ‘ damp,’  ‘ dry,’  ‘ dried,’ 
‘ desiccated  ’ or  ‘ dehydrated,’  in  order  to  indicate 
qualitatively  their  degrees  of  dryness. 

The  drying  processes  in  use  may  be  classified 
under  the  following  headings,  corresponding 
with  the  degrees  of  drying  to  which  they  lead  : — 

A.  Gravitational  drying,  by  draining,  filter- 
ing, absorbing,  and  condensing. 

B.  Mechanical  drying,  by  pressure  and 
centrifugal  force. 

C.  Drying  by  evaporation. 
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A.  Gravitational  drying.  The  processes  in- 
cluded under  this  heading  are  usually  only  pre- 
liminary to  the  employment  of  method  C above. 

Drainage  is  a natural  process  occasionally 
used  for  the  purpose  of  removing  surface  water, 
e.g.  from  washed  coal.  The  procedure  requires 
no  special  description. 

Decantation  is  a process  by  which  solid  sub- 
stances mixed  with  a large  amount  of  water  are 
separated  from  the  greater  portion  of  that 
liquid  by  allowing  them  to  settle,  and  running 
off  the  liquid  from  above  the  sediment.  In 
practice  it  is  often  the  custom  to  arrange 
‘ settling  tanks  ’ in  series,  stepwise,  and  gradu- 
ally feed  the  mixture  of  liquid  'plus  suspended 
solid  into  the  upper  vessel  by  means  of  a pipe 
leading  to  the  bottom.  The  overflow  runs  into 
the  second  vessel,  and  so  on  throughout  the 
series.  Arrangements  are  provided  for  emptying 
each  tank  as  required.  China  clay,  chalk,  and 
barytes  are  separated  in  this  manner. 

Filtration  is  a process  of  accelerated  drainage. 
Thus  wet  pigments  prepared  by  precipitation 
are  drained  on  calico  sheets  stretched  loosely 
over  a skeleton  framework.  Filtration  is  greatly 
accelerated  by  partially  exhausting  the  air  from 
the  chamber  into  which  the  liquid  drains.  A 
vacuum  filter  has  been  designed  to  work  con- 
tinuously, and  consists  of  a hollow  drum, 
mounted  with  its  axis  horizontal,  and  partly 
submerged  in  a tank  containing  the  suspension 
to  be  filtered.  The  periphery  is  covered  with 
filter  cloth,  and  the  water  is  drawn  by  suction, 
applied  to  the  interior  of  the  drum,  through 
this  cloth,  leaving  the  solid  matter  as  an  outside 
coating.  By  slowly  revolving  the  drum,  a con- 
tinuous coating  of  solid  is  thus  formed,  and, 
after  it  reaches  a certain  thickness,  an  adjust- 
able skimmer  removes  the  surplus.  This 
arrangement  can  be  adapted  to  many  drying 
operations,  and  consumes  very  little  power. 

Absorption  is  a drying  process  in  which  the 
material  is  dried  by  causing  it  to  yield  its 
moisture  to  other  substances  which  are  capable 
of  annexing  it.  This  process  is  not  often  applied 
on  a large  scale,  although  it  is  commonly  em- 
ployed in  the  laboratory.  Instances  are  fur- 
nished, however,  in  the  preliminary  drying  of 
large  clay  ware  in  dried  plaster  of  Paris  moulds, 
and  in  the  drying  of  the  highly  water-laden 
atmospheres  of  evaporating  rooms,  dye  houses, 
&c.,  by  pumping  warm,  fresh  air  into  them. 
Warm  air  having  a much  higher  capacity  for 
holding  water  vapour  than  cold  air,  the  result 
is  naturally  to  effect  a drying  of  the  atmosphere, 
besides  warming  up  the  room  and  fittings. 

In  the  laboratory,  substances  are  frequently 
dried  by  placing  them  in  a desiccator.  This  is 
simply  a closed  glass  vessel  containing  in  a 
suitable  receptacle  some  chemical  compound, 
such  as  anhydrous  calcium  chloride,  concen- 
trated sulphuric  acid,  or  phosphoric  anhydride, 
which  has  a remarkable  affinity  for  water,  so 
that  it  will,  by  absorption,  remove  water  vapour 
from  the  interior  even  when  the  tension  of  the 
aqueous  vapour  therein  is  exceedingly  small. 
The  substance  to  be  dried  being  placed  in  the 
desiccator,  in  the  interior  of  which  the  tension 
of  aqueous  vapour  is  almost  nil,  it  gives  off  its 
moisture,  and  this  is  continuously  absorbed  by 
the  desiccating  agent  employed.  The  latter 
must  expose  a large  surface  for  rapid  absorption 


to  occur.  The  velocity  of  drying  in  a desiccator 
may  be  greatly  increased  by  exhausting  the  air 
from  the  interior  (vacuum  desiccator),  since  the 
rate  at  which  moisture  can  diffuse  from  the 
material  to  the  absorbing  agent  is  thereby  largely 
augmented.  The  degree  of  drying  attained 
cannot,  however,  be  increased,  since  that  is 
limited  merely  by  the  pressure  of  the  aqueous 
vapour  when  it  has  reached  equilibrium  with 
the  absorbing  agent.  The  rapidity  of  drying  is 
also  increased  by  placing  the  material  to  be 
dried  at  the  bottom  and  suitably  arranging  the 
desiccating  material  above  it.  This  arises  from 
the  fact  that  moist  air  has  a smaller  density 
than  dry  air  at  the  same  temperature  and 
pressure ; consequently,  the  natural  process 
inside  the  desiccator  is  for  the  moist  air  to  rise. 
The  error  in  design  exhibited 
in  most  laboratory  desiccators, 
in  which  the  above  arrange- 
ment is  reversed,  was  pointed 
out  by  Hempel  (Ber.  1890, 

23,  3566),  to  whom  the 
desiccator  shown  in  Fig.  1 is 
due.  In  this  desiccatoi',  the 
drying  agent  is  placed  in  the 
trough  of  the  lid. 

It  is  usual  to  evacuate 
laboratory  desiccators  by 
means  of  the  water-pump, 
but  it  may  be  easily  accom- 
phshed  by  simple  chemical 
means  (J.  Amer.  Chem.  Soc. 

1906,  28,  834  ; Amer.  Chem.  J.  1902,  27,  340). 

A desiccator  for  drying  by  means  of  a current 
of  air  has  been  described  by  Pratt  (J.  Amer. 
Chem.“‘Soc.  1917,  39,  271).  It  consists  of  a 
Buchner  funnel  connected  below,  through 


cock  s',  to  a safety  flask,  which  in  turn  is  con- 
nected with  a pump.  Resting  on  the  funnel  is 
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a heavy  brass  disc,  b,  on  the  lower  surface  of 
which  is  cemented  a ring  or  sheet  of  rubber,  r, 
to  make  a tight  joint.  Pressure  is  brought  to 
bear  on  the  disc  by  means  of  three  screws  acting 
between  the  disc  and  a metal  collar,  c.  Heavy 
rubber  tubing,  r',  prevents  the  collar  from 
exerting  unequal  pressure  on  the  funnel.  In 
the  centre  of  the  disc  is  set  a brass  tube,  to 
which  is  attached,  by  means  of  heavy  rubber 
tubing,  r",  the  cock  s'.  This  cock  is  further 
attached  to  a system  of  drying-bottles  or 
towers.  The  material  to  be  desiccated  is  either 
filtered  into  or  placed  in  the  funnel  (Analyst, 
1917,  156). 

Condensation. — This  is  employed  as  a means 
of  drying  materials  which  must  be  handled  at 
low  temperatures,  and  is  a method  adopted 
in  cold  storages.  The  principle  of  the  process 
is,  briefly,  that  the  moist  air  of  the  rooms  is 
drawn  out  and  passed  into  chambers  main- 
tained at  a very  low  temperature,  where  it  is 
made  to  deposit  the  greater  part  of  its  moisture 
as  a liquid.  The  dry  air  is  then  returned  to 
the  drying  rooms,  either  cold,  when  it  warms 
itseK  at  the  expense  of  the  materials  drying,  or 
after  being  previously  heated.  This  circulation 
of  air  goes  on  continuously.  The  method 
adopted  in  order  to  maintain  a low  temperature 
in  the  cooling  rooms  is  to  allow  liquid  ammonia, 
carbon  dioxide,  or  ether  to  evaporate  at  the 
requisite  rate  through  long  coils  of  metal  pipes 
over  the  outer  surfaces  of  which  the  moist  air 
is  drawn.  The  latent  heat  of  the  ammonia  (or 
other)  vapour  is  obtained  at  the  expense  of  the 
heat  of  the  moist  air,  which  is  thereby  cooled ; 
the  vapour  condenses  on  the  pipes  and  the 
water  trickles  down  into  troughs  and  flows 
away.  The  ammonia  (or  other)  gas  is  repeatedly 
used  in  a cycle  of  operations,  being  successively 
liquefied  and  evaporated.  This  process  is  highly 
efficient,  but  requires  careful  handling  for 
economical  working. 

B.  Mechanical  drying.  These  methods  are 
efficient  when  water  forms  a large  proportion  of 
the  total  weight,  and  when  the  solid  material 
to  be  separated  is  porous  in  texture.  They 
leave  the  solid  damp  or  moist. 

Drying  hy  pressure.' — There  are  very  few 
cases  in  which  direct  mechanical  pressure  is 
used  for  removing  water  from  substances,  the 
most  important  of  which  is  the  direct  squeezing 
of  peat  in  specially  designed  machines,  in  order 
partly  to  remove  the  surplus  water. 

Filter  presses  are  used  for  partly  drjdng 
semi-solids,  and  leave  them  still  containing  about 
20  p.c.  of  moisture.  They  are  efficient  in  re- 
moving the  large  bulk  of  the  water  from  granular 
substances  in  a state  of  thick  mud.  Essentially 
a filter  press  consists  of  a number  of  flat  sections 
or  chambers  formed  of  iron  plates  covered  with 
filtering  cloths,  and  supported  in  a strong 
horizontal  frame,  in  which  they  can  be  squeezed 
up  tightly  together.  The  chambers  are  made 
either  round  or  square,  and  usually  each  has 
its  own  outlet  cock,  while  the  washing  arrange- 
ment can  be  made  reversible.  The  sludge  to  be 
filtered  is  fed  in  under  moderate  pressure,  and 
all  the  outlet  cocks  opened.  After  water  has 
ceased  to  flow  out,  the  solid  in  the  press  is 
washed,  if  desirable,  and  the  press  then  taken  to 
pieces  to  remove  the  moist  solid  cakes  from  its 
interior.  This  process  is  used  for  filtering. 


among  other  things,  sewage  sludge,  gold  slimes, 
and  precipita-ted  pigments. 

Drying  hy  centrifugal  force. — This  method  is 
largely  employed  for  drying  clothes  in  laundries, 
when  the  centrifugal  machines  are  termed 
hydro-extractors.  It  is  also  used  for  drying 
wool,  cotton  yarns,  piece  goods,  &c.,  after  they 
have  left  the  dye  houses,  and  for  separating  and 
drying  sugar,  gun-cotton,  and  starch. 

The  process  consists  in  placing  the  material 
to  be  dried  in  a basket  containing  numerous 
holes,  and  rotating  it  in  a horizontal  plane  at  a 
considerable  speed.  The  water  is  thrown  off 
from  the  material  very  effectually,  much  more 
effectually  than  when  simple  filtration  or  filtra- 
tion under  moderate  pressure  is  adopted. 

A centrifugal  machine  consists  essentially  of 
a circular  basket,  rotated  on  a vertical  central 
shaft  and  enclosed  in  an  outer  stationary  casing. 
The  circular  basket  is  drum  shaped,  having  an 
open  top  to  introduce  the  material  and  some- 
times a valve  at  the  bottom  to  form  an  outlet 
for  dried  crystals.  The  periphery  is  perforated 
with  holes  of  a suitable  size.  These  baskets  are 
made  of  steel,  bronze,  copper,  aluminium,  silver, 
or  china,  as  may  be  suitable,  and  are  lined  with 
rubber,  enamel,  or  lead  when  dealing  with 
acid  liquids.  The  outer  stationary  casing 
serves  as  a guard  in  case  of  accident  and  as  a 
collector  for  the  water.  The  successful  working 
of  a centrifugal  machine  depends  upon  the  skill 
with  which  the  vertical  shaft  is  mounted  and 
driven,  since  the  apparatus  must  have  sufficient 
freedom  when  running  for  the  axis  to  take  up 
the  position  it  requires  ; otherwise  vibrations 
will  rapidly  wreck  the  machine. 

C.  Drying  by  evaporation.  This  is  by  far 
the  most  efficient  method  of  drying  ; indeed, 
several  of  the  preceding  processes  are  only 
employed  as  preliminary  steps  to  the  application 
of  this  more  powerful  method. 

Drying  by  evaporation  is  a process  in  which 
the  water  is  removed  by  fimt  converting  it  into 
vapour  and  then  conveying  the  vapour  away. 
Water  always  has  a tendency  to  pass  into  the 
gaseous  state,  and  is  constantly  giving  off 
vapour  from  its  free  surface.  If  this  process 
occurs  in  a closed  space,  some  of  the  vapour 
finds  its  way  back  into  the  liquid,  and  a state 
of  equilibrium  is  set  up  when  the  rate  at  which 
vapour  is  leaving  the  surface  has  become  equal 
to  the  rate  at  which  it  is  passing  back  into  the 
liquid.  To  the  state  of  equilibrium  at  any 
particular  temperature  there  corresponds  a 
definite  vapour  pressure,  which  is  a measure  of 
the  tendency  of  water  at  that  temperature  to 
pass  into  the  gaseous  state,  and  this  vapour 
pressure  rapidly  increases  with  rise  of  tem- 
perature. When  evaporation  takes  place  in 
free  space,  no  condition  of  equilibrium  is 
reached,  since,  owing  to  diffusion  of  the  vapour, 
the  rate  at  which  it  passes  back  into  the  liquid 
can  never  equal  that  at  which  vapour  leaves  it. 
Evaporation  therefore  goes  on  until  no  more 
liquid  remains.  From  these  considerations,  it 
follows  that  the  two  main  practical  principles  in 
drying  by  evaporation  are  : (i.)  to  warm  the 
material  and  thereby  increase  the  tendency 
of  its  contained  water  to  vapourise  ; and  (ii.)  to 
remove  the  vapour  as  it  is  produced  from  the 
neighbourhood  of  the  substance,  in  order  that 
the  evaporation  shall  proceed  continuously. 
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In  applying  these  principles  it  is  necessary 
to  bear  in  mind  that  the  rate  of  drying  per- 
missible in  any  given  instance  is  restricted  by 

(a)  the  physical  and  chemical  nature  of  the 
material,  which  put  a limit  to  the  rate  at 
which  heat  may  be  safely  applied ; and  (b)  by 
the  cost  of  drying,  since  the  plant  mechanically 
most  sound  may  not  be  most  economical  in 
practice.  It  must  always  be  remembered  that 
the  nature  of  the  material  governs  the  method 
of  drying  to  be  employed,  and  must  be  con- 
sidered before  the  question  of  mechanical 
efficiency. 

The  various  methods  for  applying  heat 
and  for  removing  vapour  are  indicated  below, 
and  in  order  to  explain  more  definitely  how 
these  methods  are  employed  in  practice,  brief 
descriptions  follow  of  various  types  of  drying 
installations  in  actual  use,  and  of  the  purposes 
for  which  they  are  used. 

Application  of  heat.  In  the  majority  of 
cases  hot  air  is  employed  for  conveying  heat 
to  the  material,  and  its  use  is  attended  with 
many  advantages.  Air,  although  an  extremely 
poor  conductor,  is  an  excellent  absorber  of 
heat ; the  increase  in  volume  resulting  from 
this  process  naturally  tends  to  disperse  this 
heat  and  to  warm  surrounding  materials  by 
convection.  The  mobility  of  the  air  enables 
it  to  come  into  intimate  contact  with  the 
surfaces  of  materials,  thereby  supplying  the 
heat  necessary  to  vapourise  the  moisture.  Most 
important  of  all,  the  heated  air  can  be  thus 
supplied  in  large  or  small  amounts,  at  any 
desired  rate  and  at  uniform  pressure,  while  any 
of  these  factors  may  be  rapidly  and  easily  altered 
at  will. 

Of  the  various  sources  of  heat,  the  cheapest 
is,  of  course,  solar  heat.  Owing  to  its  un- 
reliability so  far  as  quantity  and  continuity  are 
concerned,  its  direct  use  is  attended  by  consider- 
able risks.  Indirectly,  however,  it  is  of  great 
value,  in  being  the  primary  cause  of  natural 
air  currents.  Drying  directly  by  furnace  heat 
obtained  by  fuel  combustion  is  economical,  but 
the  method  is  restricted  in  use  to  drying  those 
substances  which  are  not  sensibly  affected  by 
high  temperatures.  For  the  commonest  method 
of  drying,  by  means  of  a warm  blast  of  air,  heat 
is  usually  supplied  by  passing  the  air  over  the 
surfaces  of  radiators.  These  are  simply  iron 
vessels,  built  to  expose  as  much  surface  as 
possible,  and  through  the  insides  of  which 
steam,  hot  water,  or  hot  gases  are  passed.  Heat 
is  conducted  through  the  iron  to  the  outer 
surface,  and  warms  the  surrounding  air  mainly 
by  radiation. 

The  dangers  encountered  in  the  application 
of  heat  result  from  the  nature  of  the  material, 
and  the  factors  involved,  which  are  briefly 
discussed  below,  naturally  affect  various 
materials  to  very  different  degrees. 

(a)  Rate  of  application  of  heat  Although 
the  amount  of  heat  required  to  vapourise  a 
definite  quantity  of  water  is  fixed,  yet  if  this 
heat  be  applied  at  a rate  faster  than  that  to 
which  the  material  can  accommodate  itself, 
injury  will  result,  e.g.  wet  bricks  will  crack 
unless  the  greater  part  of  their  water  is  first 
driven  ofl  at  a slow  and  uniform  rate. 

(b)  Change  in  power  of  absorbing  heat  with 
loss  of  water.  As  a material  dries,  its  heat 


capacity  usually  diminishes,  and  hence  the  risk 
of  overheating  increases  as  drying  progresses. 

(c)  Uncertainty  as  to  degree  of  dryness, 
which  is  often  unavoidable. 

(d)  Local  application  of  heat.  This  is  the 
usual  cause  of  distortion  and  cracking,  since 
most  materials  shrink  as  they  dry,  and  local 
shrinking  sets  up  strain.  This  makes  it  advisable 
to  keep  wet  material  from  actual  contact  with 
the  source  of  heat,  and  to  agitate  the  material 
to  continually  expose  fresh  surfaces,  since 
evaporation  is  a purely  surface  phenomenon. 

Methods  for  removal  of  vapour.  The  natural 
method  by  which  vapour  is  removed  is  by  means 
of  azr  currents,  and,  excepting  in  the  case  of 
the  vacuum  process,  this  is  the  method  upon 
which  all  artificial  processes  for  vapour  removal 
are  based. 

The  ordinary  atmospheric  process  for  drying 
utilises  the  natural  movements  of  the  air,  e.g. 
by  utilising  the  action  of  the  wind  on  floors, 
pans,  gantries,  sheds,  &c.  It  requires  no  motive 
power,  but,  being  dependent  upon  varying 
atmospheric  conditions,  it  is  not  reliable. 

In  the  exhaust  process  the  moisture-laden  air 
is  drawn  away  from  the  wet  material  quicker 
than  gravity  would  perform  the  removal. 
For  this  purpose  a propeller  or  fan  is  usually 
employed.  Since  the  operation  is  carried  out 
under  slightly  reduced  pressure,  vapourisation 
proceeds  quicker  than  it  otherwise  would  ; on 
the  other  hand,  the  exhaust  carries  away  the 
heat-bearing  medium  from  the  material  to  be 
heated,  and  unless  proper  control  is  exercised, 
this  defect  ma^^  more  than  counterbalance  the 
increased  rate  of  removal  of  vapour. 

In  the  vacuum  process  the  material  is 
enclosed  in  an  air-tight  receptacle,  from  which 
the  air  may  be  exhausted  to  any  desired  extent. 
Heat  is  then  applied,  and  the  vapour  pumped  off 
as  fast  as  it  is  produced.  Considerable  experi- 
ence is  necessary  in  the  application  of  this 
process,  which,  properly  applied,  is  highly 
efficient  and  rapid. 

In  the  plenum  process  the  vapour  is  removed 
by  supplying  sufficient  warm  air  to  create  an 
augmentation  in  air  pressure.  A fan  is  usually 
employed  for  this  purpose,  and  drying  must, 
of  course,  take  place  in  an  enclosed  room  with 
regulated  egress  for  the  air.  This  process  is 
usually  the  best  to  employ,  since  it  can  be 
maintained  strictly  under  control. 

Drying  installations.  Drying  floors.  Natural 
floors  are  not  often  used,  since  serious  difficulties 
arise  as  to  heating,  handling  the  material,  and 
removing  the  vapour.  Haymaking  affords  a 
good  instance  of  its  employment. 

Artificial  floors  warmed  by  the  products  of 
combustion  from  a furnace,  by  hot  gases,  or 
by  steam  passing  in  flues  or  pipes  beneath,  are 
a considerable  improvement  on  natural  floors. 
Advantage  is  taken  in  constructing  them  of 
any  convenient  sandy  or  porous  ground  floor ; 
sand  is  put  down  if  the  natural  ground  is  clayey. 

These  floors  are  used  for  dr3dng  china  clay, 
calcium  phosphate,  barytes,  chalk,  cement,  and 
calcined  quartz,  materials  which  are  not  readily 
injured  by  excessive  or  irregular  heating. 

Drying  gantries  or  racks.  These  are  em- 
ployed in  order  that  as  much  surface  as  possible 
may  be  exposed  to  air  currents.  Their  con- 
struction assumes  various  forms.  According  to 
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circumstances,  they  may  be  either  skeleton 
shelves,  or  racks,  or  props,  &c.  Occasionally 
hot  water  or  steam  pipes  are  used  as  supporting 
racks,  but  their  use  is  to  be  avoided  as  uneco- 
nomical, and  tending  to  produce  uneven  drying 
and  distortion. 

Such  substances  as  damp  corn,  peat,  raw 
rubber,  chalk,  bricks,  and  clayware  are  fre- 
quently dried  on  open  racks,  while  pigments 
in  colour  works  are  often  dried  in  open  gantries 
of  skeleton  shelves. 

Drying  sheds.  These  are  merely  drying 
floors  or  gantries  provided  with  roofs  to  keep 
off  rain  and  snow.  These  sheds  are  best  con- 
structed of  light  open  framing  in  order  to  facili- 
tate the  removal  of  vapour,  and  the  more  open 
it  is  on  all  sides  the  better,  provided  that  the 
substance  is  not  such  that  direct  surflight  must 
be  excluded  from  it,  e.g.  rubber.  Such  sheds 
are  highly  efficient  in  producing  ‘ air- dried  ' 
materials.  Bricks  are  often  dried  in  sheds 
erected  on  drying  floors,  while  Chile  saltpetre  is 
dried  in  sheds  without  the  application  of  artificial 
heat,  as  also  are  china  clay  and  ochre  in  the 
quarry  state. 

Drying  pans  and  troughs.  Drying  pans, 
correctly  designed  and  handled,  are  very  useful 
appliances.  The  oldest  commercial  use  of  such 
pans  is  in  the  evaporation  of  salt  brine,  which, 
as  usually  carried  out,  is  not  at  all  an  eco- 
nomical process.  The  pans  are  usually  rect- 
angular, and  each  stands  in  its  own  shed 
They  are  directly  heated,  three  or  four  fires 
being  beneath  each  pan. 

Shallow  earthenware  pans  are  of  great  use 
in  the  colour  trade,  the  pigments  being  readily 
dried  if  the  pans  are  carefully  arranged  on 
gantries  in  well-heated  and  ventilated  chambers. 

Semi- cylindrical  iron  pans  heated  from 
below  by  gas  or  steam  give  good  results  in  drying 
soft  materials,  especially  powders.  They  are 
most  efficient  when  provided  with  revolving 
grids  for  mechanically  stirring  the  wet  material 
and  with  valve  outlets  at  the  bottom  for  auto- 
matically discharging  their  dried  contents. 

Granulated  sugar  is  dried  in  a type  of 
troughed  pan,  through  which  passes  a hollow 
conveyer  ’ carrying  hollow  paddles.  Steam  is 
blown  through  the  conveyer  and  paddles. 
The  trough  is  jacketed  on  one  side,  and  through 
this  jacket  air  is  blown  into  the  bottom  of  the 
trough.  The  sugar  is  fed  into  the  hot  end,  and 
automatically  carried  by  the  heated  paddles  to 
the  outlet  at  the  cool  end  of  the  trough. 

Kilns.  These  are  buildings  containing  a 
furnace,  the  direct  heat  of  which  is  used  for 
drying  materials  by  allowing  the  products  of 
combustion  to  pass  through  them.  For  sub- 
stances which  may  be  strongly  heated  without 
damage,  kiln-drying  is  an  economical  method  of 
procedure,  since  the  walls  of  the  kiln  are  very 
effective  in  saving  heat  that  would  otherwise  be 
lost ; but  care  must  be  taken  to  provide  proper 
exits  for  the  vapour. 

A primitive  type  of  kiln  is  one  in  which 
calcium  phosphate  is  dried.  It  consists  of  a 
plain  rectangular  brick  building  with  a wooden 
roof.  The  floor  is  piled  with  wood,  and  the 
phosphate  placed  upon  it.  Flues  admit  air  for 
combustion  and  circulation.  Such  a kiln  will 
burn  for  from  2 to  5 days  and  dry  from  1000  to 
1200  tons  of  phosphate. 


Kilns  for  drying  clays,  fuller's  earth,  barytes, 
and  chalk  are  constructed  upon  the  same 
principle,  the  fire  being  placed  so  as  to  prevent 
the  ashes  mixing  with  the  material ; the  latter 
is  sometimes  supported  within  the  kiln  on  iron 
racks. 

A rotating  bed  dryer  is  in  extensive  use  for 
drying  materials  which  allow  of  direct  firing. 
The  material  is  placed  on  a circular  cast-iron 
bed,  which  slowly  rotates  on  a vertical  shaft. 
The  bed  is  covered  by  a firebrick  arch,  into 
which  the  exit  flue  leads.  Heating  is  done 
directly  by  fires,  and  stationary  blades  fixed  in 
the  arch  stir  the  material  as  it  is  drying.  The 
blades  are  fixed  at  such  an  angle  that  the 
material  is  slowly  moved  from  the  centre, 
above  which  the  feed  is  situated,  to  the  edge, 
where  it  is  automatically  discharged.  This  is 
a common  type  of  drying  kiln  for  ores. 

Drying  cylinders.  This  term  includes  those 
dryers  in  which  the  material  to  be  dried  is 
contained  in  a cylindrical  tube,  which  is  slowly 
rotated.  The  essential  feature  of  their  con- 
struction is  that  the  rotation  of  the  cylinder 
affords  the  means  of  moving  the  material  along. 
With  suitable  materials  and  the  necessary 
power,  cylinders  will  automatically  deliver  large 
quantities  of  uniformly  dried  product,  with  the 
minimum  of  labour  and  fuel  consumption. 
They  are  consequently  extensively  used,  and 
many  types  of  drying  cylinders  have  been 
devised. 

For  materials  that  withstand  high  tempera- 
tures, the  heating  may  be  carried  out  by  passing 
the  hot  gases  from  a furnace  through  the  tube. 
The  latter  is  constructed  of  steel,  and  is  mounted 
nearly  horizontally  (slope  of  1 in  12),  with  the 
furnace  at  the  lower  end.  The  feed  is  situated 
at  the  higher  cold  end,  and  the  gases  pass  out 
through  a flue  at  this  end,  connected  with  a fan  or 
chimney.  As  the  material  gravitates  down  the 
tube  it  is  dried,  and  on  reaching  the  lower  end, 
it  drops  out,  quite  dry,  into  trucks.  A modifica- 
tion of  this  construction  consists  in  enclosing  the 
steel  tube  in  a horizontal  brickwork  chamber 
and  heating  it  externally  by  passing  the  furnace 
gases  into  this  brickwork  chamber,  whence  they 
pass  through  a series  of  external  hooded  openings 
into  the  steel  cylinder  itself.  This  arrangement 
allows  of  a more  gradual  and  systematic  heating, 
while  dust  and  other  objectionable  parts  of  the 
products  of  combustion  may  be  arrested  prior 
to  the  gases  entering  the  cylinders.  Besides 
these  two  arrangements,  many  others  have  been 
devised,  each  having  its  particular  advantages. 

Cylinder  dryers  are  very  suitable  for  heating 
by  steam,  thus  meeting  the  requirements  of 
such  substances  as  sugar,  salt,  soda,  cocoa, 
coffee,  &c.,  provided  they  contain  not  more 
than  25-30  p.c.  of  moisture.  The  drying  cy- 
linder may  be  either  steam-jacketed  externally, 
or  internally,  or  by  both  methods  united.  The 
exhaust  is  best  taken  by  means  of  a fan  at  the 
feed  end  of  the  cylinder.  In  using  such  dryers 
for  sugar,  they  are  employed  in  conjunction  with 
a conveyer  trough  dryer  {v.  supra),  into  which 
the  sugar  falls  after  passing  through  the  steam- 
heated  cylinder. 

Drying  rollers.  These  are  heated  rotating 
cylinders,  with  the  outside  periphery  of  which 
the  material  to  be  dried  is  brought  into  contact. 
They  are  made  of  steel,  cast  iron,  copper,  or 
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tinned  iron,  and  are  usually  heated  by  passing 
steam  or  hot  air  through  their  interior. 
Another  method  of  heating  consists  in  coating 
the  cylinder  externally  with  felt  and  rotating  it 
in  a polished  iron  bed,  against  the  under  surface 
of  which  steam  is  blown.  The  material  to  be 
dried  is  automatically  passed  between  the  roller 
and  its  bed,  and  the  rollers  are  usually  arranged 
in  series  of  two  to  eight. 

The  latter  method  is  largely  employed  in 
laundry  work,  and  the  use  of  drying  rollers  is 
extensive  in  the  paper  and  textile  trades. 

Drying  tunnels.  These  consist  essentially 
of  a stationary  passage  through  which  the 
material  passes  either  continuously  or  inter- 
mittently as  the  drying  proceeds.  Drying  in  a 
tunnel  is  progressive  from  one  end  to  the  other. 
Heat  may  be  applied  either  by  direct  firing  or 
by  heated  air,  which  passes  into  the  tunnel  from 
beneath  one  end  and  travels  along  to  the  other. 
The  warm  air  current  usually  travels  in  the 
opposite  direction  to  that  in  which  the  material 
moves,  but  not  always,  as,  for  instance,  in  the 
drying  of  wool,  where  the  pressure  of  the  warm 
blast  is  utilised  in  blowing  the  material  forward. 
The  vapour-laden  air  may  be  removed  either  by 
chimney,  exhaust,  or  by  pressure  fan,  while  the 
material  may  be  handled  in  a very  large  number 
of  ways,  according  to  circumstances.  This 
method  of  drying  is  economical,  but  the  initial 
cost  of  plant  is  often  considerable. 

In  drying  timber,  the  material  is  carried  on 
special  trucks  running  on  a tram  track.  The 
air  is  heated  by  means  of  a heater  coil  fed  with 
steam  and  situated  under  the  track  at  the 
discharging  end.  The  air  ascends,  dries  the 
timber,  thereby  becoming  cooler  and  denser, 
and  then,  pressed  forward  by  the  incoming  air, 
it  gravitates  into  a large  space  beneath  the 
feeding  end  of  the  tunnel  and  passes  up  the 
flue.  Wool  is  dried  in  a tubular  tunnel,  being 
blown  along  by  the  warm  air.  Soap  is  dried  by 
passing  it  on  trolleys  through  narrow  tunnels, 
usually  arranged  in  fours,  through  which  warm 
air  is  driven  by  means  of  a propeller.  In 
particular,  bricks  and  clayware  are  dried  by 
passing  them  through  drying  tunnels,  for  which 
purpose  a very  large  number  of  types  of  plant 
have  been  devised. 

Drying  rooms.  These  are  enclosed  spaces, 
which  are  warmed  by  means  of  hot  air,  and  into 
which  the  loader  or  discharger  has  to  enter. 
When  not  constructed  of  brick  or  stone,  the 
material  of  the  walls  should  be  chosen  for  its 
insulating  qualities. 

The  expense  attached  to  drying  by  this 
method  is  due  largely  to  %the  manual  labour 
required  in  handling  the  material,  which  arises, 
in  most  cases,  from  the  fact  that  the  peculiar 
properties  of  the  material  render  it  impossible 
to  utilise  mechanical  methods.  Since  manual 
labour  in  a heavily  moisture-laden  atmosphere 
is  unhealthy,  desiccation  in  drying  rooms  is 
restricted  in  practice  to  those  materials  for 
which  the  process  is  unavoidable.  Such  pro- 
ducts as  hops,  confectionery,  leather,  paper, 
textile  fabrics,  pottery,  and  rubber  are  dealt 
with  by  this  method. 

The  materials  are  supported  in  the  most 
convenient  manner  within  the  chambers,  and 
warm  air  circulated  either  through  or  over 
them.  The  warming  of  the  air  may  be  accom- 


plished either  within  or  without  the  compart- 
ment, by  means  of  radiators,  and,  if  desired, 
the  same  air  can  be  used  continuously  in  a 
circuit  (compare  the  condensation  process). 

Drying  ovens.  These  are  entirely  enclosed 
drying  chambers  ; the  necessary  heat  for  the 
purpose  is  not  generated  within  them,  neither 
is  it  necessary  to  enter  them  in  order  to  charge 
or  remove  the  material  to  be  dried.  Ovens  can 
be  adapted  to  suit  a wide  range  of  conditions, 
and  some  of  the  most  scientific  and  economical 
dryers  are  of  this  type. 

A great  variety  of  methods  are  available  for 
the  purpose  of  heating,  since  the  heat  is  generated 
outside  the  oven.  Products  of  combustion  are 
readily  excluded  from  the  material.  There  is 
no  necessity  for  the  plant  to  cool  down  before 
the  dried  product  is  removed,  and  hence  heat 
losses  are  greatly  minimised.  Heat  is  applied 
to  the  material  either  by  means  of  hot  gases, 
usually  hot  air,  or  by  direct  conduction  through 
metallic  plates,  as,  for  instance,  in  steam  ovens. 
Vapour  is  usually  removed  mechanically,  either 
by  pressure  or  exhaust,  but  it  may  be  pumped 
off,  as,  for  instance,  in  all  vacuum  machines. 
Ovens  are  more  efficient  than  drying  rooms, 
since  the  latter  are  ftequently  used  for  other 
purposes  than  drying,  whereas  the  former  are 
designed  exclusively  for  drying.  Only  a few 
types  of  drying  ovens  can  be  here  described. 

Laboratory  ovens  are  rectangular  boxes, 
constructed  of  copper,  iron,  or  aluminium,  which 
may  be  either  steam-  or  air- jacketed,  or  in  simple 
ovens  not  jacketed  at  all.  The  substances  to 
be  dried  are  supported  on  shelves  inside.  With 
air  ovens  heat  is  applied  directly  at  the  bottom 
of  the  oven  or  of  the  outer  jacket.  A ventilator 
situated  at  the  bottom  of  the  oven  door  allows 
air  to  enter,  and  one  or  more  chimneys  in  the 
lid  allow  the  warm  vapour-laden  air  to  escape. 
A convenient  method  of  heating,  which  can  be 
readily  controlled,  consists  in  heating  electrically, 
by  passing  a current  through  a number  of  resist- 
ance coils  embedded  in  the  jacket  surrounding 
the  oven.  {See  also  Analysis,  Vol.  I.)  Re- 
movable tray  dryers  are  largely  used  for  drying 
tea,  coffee,  cocoa,  cinchona  bark,  &c.  The  trays 
are  arranged  in  the  oven  in  a series  of  rows. 
Each  tray  has  a separate  slide,  and  is  independent 
of  the  others,  and  each  column  of  trays  has  its 
ov.m  regulating  damper  for  the  hot  air.  The 
method  of  working  is  progressive,  the  wet 
material  being  first  placed  in  the  top  tray  of  the 
column  and  passed  downwards  stepwise  to  the 
bottom-  The  heat  required  is  supplied  from  a 
multitubular  furnace,  which  also  produces  the 
air  current  which  aerates  the  material.  The  hot 
air  may  be  allowed  to  rise  through  the  material, 
or  be  drawn  down  by  two  centrifugal  fans  on 
either  side  of  the  centre  through  the  substance. 
The  latter  arrangement  is  more  readily  controlled, 
gives  a larger  output,  and  effects  a considerable 
saving  in  height.  A modification  giving  an  even 
larger  output  consists  in  causing  each  horizontal 
line  of  trays,  commencing  with  the  lowest,  to 
automatically  tilt  and  discharge  its  contents 
into  the  base  of  the  dryer.  For  drying  other 
substances  than  those  mentioned  above,  many 
other  types  of  tray  ovens  have  been  devised. 

Sliding-panel  dryers  are  used  in  laundries, 
and  can  also  be  adapted  for  drying  yarns,  piece 
goods,  &c.  They  consist  of  a row  of  vertical 
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sliding  panels,  built  up  with  hanging  rods  to 
form  rigid  horses  for  the  goods.  They  are 
readily  movable  on  runner  wheels,  and  each 
panel  may  be  withdrawn  independently  of  the 
others,  with  the  minimum  loss  of  heat,  as  the 
back  of  the  panel  closes  the  outlet  and  thus 
reshuts  the  oven.  A hot-air  blast  is  supplied 
from  above,  and  after  passing  through  the  oven 
it  discharges  into  the  open. 

The  Lennox  plate-oven  dryer  is  a type  which 
has  many  advantages,  is  compact,  and  occupies 
a small  floor  space.  The  outer  vertical  cylindrical 
casing  is  built  up  in  sections  to  allow  for  exten- 
sion and  renewal.  A concentric  cylindrical 
drum  slowly  rotates  inside.  At  each  external 
section  there  is  a horizontal  metal  plate  within 
the  apparatus,  and  each  section  plate  contains 
a hole  ; these  holes  are  not  vertically  above  one 
another.  The  material  to  be  dried  is  fed  in  at 
the  top,  falls  on  the  first  section  plate,  and  is 
slowly  stirred  round  by  horizontal  arms  on  the 
rotating  centre  drum  till  it  reaches  the  hole  in 
the  plate.  It  then  falls  through  on  to  the 
next  plate,  is  slowly  stirred  round  till  it  falls 
on  to  the  third  plate,  and  so  on,  till  it  is  dis- 
charged at  the  base.  Hot  air  is  blown  in  at  the 
base,  and  passes  upwards  into  the  central  drum, 
from  which  it  issues,  through  numerous  holes  in 
its  sides,  passes  through  the  material,  and  thence 
upwards  and  outwards. 

A horizontal  steam- jacketed  cylindrical  oven, 
containing  a very  powerful  and  thorough  agitat- 
ing gear  inside,  is  used  for  drying  wet  pasty 
materials  like  meat,  fish,  &c.  The  material  is 
fed  in  at  the  top,  and  discharged  as  a dry, 
mealy  powder  through  a manhole  in  the  bottom. 
The  vapour  is  removed  from  the  interior  through 
a large  outlet  duct  operated  either  by  a fan  or 
pump  according  to  circumstances.  In  vacuum 
ovens  the  removal  of  vapour  by  means  of  air 
or  other  gases  in  motion  is  discarded  in  favour  of 
pumping  away  the  vapour  from  the  warmed-up 
material,  operating  in  a closed  space  and  dimin- 
ishing the  pressure  within  it  to  any  desired 
extent.  The  oven  must  be  strongly  built,  and 
all  joints  must  fit  tightly  to  maintain  the 
diminished  pressure.  The  material  may  be 
supported  inside  in  any  suitable  manner,  for 
instance,  on  steam-heated  grids.  The  necessary 
accessories  are  a vacuum  pump,  a condenser  for 
the  vapour  and  a receiver  for  the  condensed 
water.  The  latter  is  provided  with  a sight 
glass  in  order  to  tell  when  no  more  water  is 
given  off  by  the  material  in  the  oven.  The 
effective  working  of  such  a plant  depends 
largely  upon  the  observance  of  various  mechanical 
and  engineering  points  ; the  chief  feature  of  the 
vacuum  process  is  the  saving  of  time  that  it 
effects.  The  oven  may  be  designed  to  suit 
either  solids  or  liquids,  and  provision  may  also 
be  made  for  effectively  stirring  the  material 
during  the  drying  process. 

Desiccators.  (Laboratory  desiccators  have 
already  been  described.) 

A large-scale  desiccator  is  any  type  of  drying 
machine,  which,  working  by  evaporation,  carries 
the  degree  of  drying  to  the  utmost  possible  ex- 
tent. In  some  of  the  types  previously  described, 
it  is  difficult  to  prevent  thorough  desiccation, 
and,  in  fact,  to  avoid  dehydration  and  calcination, 
but  a number  of  machines  have  been  devised 
for  the  effective  desiccation  of  liquids  and  thin 


pastes,  which  work  upon  a common  principle 
that  may  be  briefly  explained.  It  consists  in 
spreading  the  liquid  in  a thin  film  over  a heated 
metallic  surface  kept  in  motion,  and,  when  the 
water  has  been  removed,  skimming  off  the  solid 
residue  with  a knife.  By  suitable  arrangements, 
this  process  can  be  made  continuous,  and  it  is 
employed  on  a large  scale  for  desiccating  milk 
to  a dry  powder.  A modified  method  of  remov- 
ing the  desiccated  product  is  to  cause  the  liquid 
to  spread  out  on  the  upper  part  of  an  endless 
horizontal  metallic  belt,  working  over  two  rollers 
contained  in  a heated  chamber  under  reduced 
pressure.  The  heated  liquid,  being  fed  on  to  the 
belt  at  one  roller,  is  desiccated  by  the  time  it 
arrives  at  the  other,  and,  on  the  belt  passing 
over  that  roller,  the  dry  powder  falls  into  the 
delivery  hopper  beneath. 

Literature. — Marlow’s  Drying  Machinery  and 
Practice,  which  contains  a bibliography  of  the 
subject.  See  also  a paper  by  E.  A.  Alliott, 
J.  Soc.  Chem.  Ind.  1919,  38,  173  T. 

DESICHTOL.  Trade  name  for  ichthyol 
ammonia  deodorised  by  hydrogen  peroxide. 
DESOXYCHOLEIC  ACID  v.  Cholic  acid. 

DESPYRIN.  Salicyl  tartaric  ester. 

DETONAL.  Diethyl  acetyl  urethane. 
DETONATORS  v.  Explosives. 

DEVARDA’S  ALLOY.  An  alloy  of  alumi- 
nium  45,  copper  50,  and  zinc  5 parts. 

DEVELOPED  COLOURS.  Colours  formed 
on  the  fibre  by  coupling  an  azo  dye  after 
fixing  with  a second  component.  F.  Peimuline. 
DEXTRAN  V.  Gttms. 

DEXTRINS  ^(CcH.oOs).  When  diastase  acts 
on  starch  paste  (gelatinised  starch),  maltose  is 
the  final  product,  but,  intermediate  between  the 
starch  and  maltose,  various  dextrins  are  formed 
as  the  reaction  proceeds  in  successive  stages. 
These  dextrins  are  colloidal  amorphous  com- 
pounds, and  do  not  form  characteristic  deriva- 
tives. They  are  soluble  in  water,  and  precipitated 
by  alcohol.  Only  maltodextrin,  which  is 
possibly  the  simplest  of  them,  has  been  prepared 
in  anything  like  a state  of  purity,  and  most  of 
the  other  dextrins  described  must  be  regarded 
as  mixtures. 

As  diastatic  hydrolysis  proceeds,  the  optical 
rotatory  power  diminishes,  and  the  cupric- 
reducing  power  increases.  The  change  is  rapid 
to  a certain  point,  but  then  becomes  arrested ; 
this  behaviour  is  interpreted  as  proof  of  an 
essential  difference  between  the  higher  and 
lower  dextrins.  The  constants  of  this  stage  of 
hydrolysis  are  [a]j=  162*5°,  K (cupric -reducing 
power)  = 48*3,  and  correspond  to  the  conversion 
of  four-fifths  of  the  starch  into  maltose.  The 
remaining  dextrin  is  hydrolysed  with  greater 
difficulty.  According  to  H.  Brown,  it  cannot 
have  a simpler  formula  than  40(CgHj(,O5)H2O. 

The  dextrin  isolated  from  a starch  conversion 
stopped  at  a stage  which  gives  a deep  brownish- 
red  colouration  with  iodine  is  termed  erythro- 
dextrin.  At  a later  stage  iodine  ceases  to  give  a 
colouration,  and  the  dextrin  present  is  termed 
achrodextrin.  These  dextrins  have  little  or  no 
cupric-reducing  action,  this  point  being  still 
undecided. 

Dextrins  are  also  formed  by  the  action  of  hot 
dilute  mineral  acids,  or  of  heat  alone  on  starch. 
The  final  product  in  this  case  is  dextrose  instead 
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of  maltose.  These  methods  are  used  for  the 
commercial  preparation  of  dextrin. 

Malfitano  and  Moschkoff  (Compt.  rend.  1912, 
154,  443-446)  have  found  that  starch  may  be 
converted  into  dextrin  merely  by  desiccation. 
When  kept  in  vacuo  at  25°  over  phosphoric 
oxide  28-1  p.c.  of  the  starch  was  found  to  have 
become  soluble  in  the  course  of  20  days.  The 
authors  conclude  that  the  starch  molecule  is 
composed  of  dextrin  complexes  linked  together 
by  water  molecules. 

Oscar  von  Friedrichs  (Arkiv.  Kem.  Min. 
Geol.  1913,  5,  No.  3,  1-14)  has  studied  the  action 
of  various  yeasts  upon  the  dextrins.  Generally 
speaking,  dextrins  with  higher  molecular  weights 
are  not  so  readily  attacked  as  those  with  lower. 

Yeasts  which  split  up  a-methyl  glucoside  are 
capable  of  fermenting  d^trins  to  a very  limited 
extent,  while  Sacchsia  Suaveolens,  which  is 
known  to  ferment  )3 -methyl  glucoside,  is  found 
to  ferment  achroodextrins  energetically.  The 
results  support  the  view  that  ;8-glucoside  linkings 
are  present  in  the  starch  and  dextrin  mole- 
cules. 

Crystalline  dextrins  may  be  prepared  by  the 
action  of  Bacillus  macerans  upon  starches 
(Schardinger,  Centr.  Bakt.  Par.  1911,  ii.  29, 
188-197).  By  this  method  two  dextrins  desig- 
nated as  a and  /3  have  been  isolated,  both  in 
crystalline  form. 

According  to  Langhans  (Ber.  1912,  45, 
2533-2546),  both  forms  are  acetylated  by 
acetic  anhydride  in  presence  of  zinc  chloride, 
but  scission  of  the  molecules  occurs  simul- 
taneously ; under  this  treatment  the  a-  com- 
pound gives  a he:§:a-acetate  of  a diamylose,  the 
i8-  a nona-acetate  of  a triamylose,  hydrolysis  of 
the  acetates  yields  a diamylose  and  triamylose 
respectively,  both  crystalline  compounds. 

The  properties  of  these  crystalline  dextrins 
• have  been  further  investigated  by  Pringsheim 
and  Eissler  (Ber.  1913,  46,  2959-2974 ; see 
D.  R.  P.  279^56,  1913),  in  which  the  dextrins 
are  produced  by  the  action  of  Bacillus  wacerans 
on  starch  and  isolated  by  precipitation  with 
light  petroleum. 

In  presence  of  a little  platinum  black  as 
- catalyst,  Z-glucosan,  heated  to  180°,  undergoes 
polymerisation,  and  is  transformed  into  a white 
amorphous  substance,  which  exhibits  the 
characteristic  properties  of  a dextrin  and  yields 
dextrose  when  warmed  with  dilute  sulphuric  acid 
(Pictet,  Helv.  Chim.  Acta,  1918,  1,  226). 

Maltodextrin  6(CgIIio05)H20  has  [a]j+ 193-6°, 
[a]p-l-181°;  cupric-reducing  power,  42.  These 
figures  agree  with  a mixture  of  1 part  maltose 
to  2 parts  dextrin;  but  the  facts  (1)  that  it 
cannot  be  separated  into  maltose  and  dextrin 
by  dialysis,  (2)  that  it  is  not  fermentable  by 
yeasts,  (3)  that  it  is  completely  converted  into 
maltose  by  diastase,  prove  maltodextrin  to  be 
a definite  chemical  compound.  To  prepare  it, 
a starch  transformation  is  carried  out  at  60°-65°, 
until  [a]j=-|-198°.  The  solution  is  boiled, 
concentrated  to  a sp.gr.  of  1-06,  and  the 
maltose  removed  by  fermentation.  The  solution 
is  filtered,  evaporated  to  a syrup,  and  digested 
with  alcohol  first  of  90  p.c.,  and  then  of  85  p.c. 
This  last  liquid  is  decanted  hot,  and  the  alcohol 
distilled  off,  when  maltodextrin  remains  ; it  is 
purified  by  further  treatment  with  alcohol. 


On  oxidation  of  maltodextrin  with  mercuric 
oxide,  until  the  cupric  - reducing  power  has 
disappeared,  maltodextrinic  acid  is  obtained. 
This  behaviour  proves  maltodextrin  to  contain 
an  aldehyde  group,  but  the  change  goes  further 
than  the  oxidation  of  this  group  to  carboxyl 
(COgH),  since  it  splits  up  the  terminal  Cj2 
group  into  a Cg  acid  residue,  which  remains 
attached  to  the  rest  of  the  molecule,  and  a 
Cg  residue  which  is  eliminated. 

(For  a full  account  of  the  decomposition 
products  of  starch,  v.  Starch.) 

Manufacture.  — The  commerical  products 
known  as  solid  dextrin,  British  gum,  starch  gum, 
&c.,  are  mixtures  containing  various  dextrins, 
together  with  carbohydrates  (copper  oxide 
reducing  substances).  They  consist  mainly  of 
erythrodextrin,  and  accordingly  give  a brown 
iodine  colouration. 

They  are  prepared  (1)  by  the  action  of  heat 
on  dried  starch ; (2)  by  the  action  of  heat  on 
acidified  dried  starch. 

The  starch  is  first  freed  as  much  as  possible 
from  combined  water  by  drying  in  suitable 
ovens,  and  then  submitted  to  a temperature  of 
212°-275°  in  rotating  sheet-iron  drums.  The 
heat  is  supplied  by  hot  oil,  rape  oil  being  fairly 
generally  used,  or  by  direct  fire.  When  the  oil- 
bath  is  used,  the  control  over  the  temperature  is 
greatest,  and  the  colour  of  the. product  can  be 
varied  at  will  from  white  to  dark  brown.  When 
the  drums  are  heated  by  direct  fire,  they  are 
made  to  rotate  on  slightly  inclined  axes,  the 
dried  starch  being  fed  in  at  the  higher  end  of 
the  revolving  cylinder  and  the  product  dis- 
charged at  the  other.  Sheet-iron  ovens  are  also 
used ; thej^  are  constructed  singly  or  in  sets.  The 
heat  is  supplied  by  a furnace,  the  heated  air 
from  which  is  drawn  over  the  top  of  the  ovens. 
The  material  is  kept  continually  stirred  by  flat 
iron  oars.  Boxes  and  trays  are  also  used  as 
converters,  and,  indeed,  the  maker  has  only  to 
consider  the  variety  and  quality  of  product 
required,  and  to  remember  that  the  drier  the 
starch  and  the  lower  the  temperature  of  con- 
version, the  whiter  will  be  the  product,  and, 
further,  that  different  starches  yield  different 
products,  i.e.  behave  differently  when  sub- 
mitted to  the  action  of  heat,  to  enable  him  to 
construct  an  apparatus  that  will  suit  his  require- 
ments. It  must  also  be  borne  in  mind  that  the 
conversion  takes  place  more  slowly  at  a low 
temperature. 

The  alternative  method,  in  which  less  heat 
is  required  to  yield  a satisfactory  product,  is  to 
spray  or  moisten  the  starch  either  with  a 
mixture  of  dilute  nitric  and  hydrochloric  acids, 
or  with  each  acid  singly,  or  with  dilute  oxalic 
acid.  The  paste  is  dried  and  heated  at  100°-120° 
or  to  150°,  till  the  transformation  is  complete, 
as  determined  by  the  iodine  test ; it  must  then 
be  arrested  promptly. 

Payen  recommended  1000  lbs.  starch  to  be 
moistened  with  30  gallons  water  containing  2 lbs. 
nitric  acid  (sp.gr.  1-38),  the  mixture  to  b^e  well 
kneaded,  made  up  into  balls,  and  dried  in  a 
hot-air  chamber ; then  powdered,  spread  on 
brass  trays  to  the  depth  of  ,1^-2  inches,  and 
submitted  to  a temperature  of  from  110°-120° 
in  a hot-air  oven. 

The  heat  method  is  that  which  was  most 
commonly  used  on  the  Continent,  whereas  the 
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use  of  weak  nitric  acid  found  most  favour  in 
this  country. 

The  products  thus  obtained  appear  in  com- 
merce in  the  form  of  powders  varying  in  colour 
from  almost  white  to  dark  brown,  through  every 
shade  of  light  yellow  and  brown.  They  are 
reduced  to  this  state  after  roasting,  by  crushing 
in  pans  or  passing  through  rollers,  and  then 
sifting  through  a rotating  silk  screen  such  as  is 
used  in  flour  mills. 

Dextrins  prepared  from  powdered  starch  are 
used  by  textile  manufacturers  and  calico 
printers  as  vehicles  for  colours.  They  are  also 
used  for  all  kinds  of  gum,  paste,  sizings,  and  in 
the  manufacture  of  paper  boxes,  wall  paper,  and 
for  a variety  of  other  purposes. 

For  a method  of  examination  of  commercial 
dextrin  and  related  starch  products,  v.  Babing- 
ton.  Tingle,  and  Watson,  J.  Soc.  Chem.  Ind. 
1918,  37,  257  T. 

On  heating  dry  starch  with  formic  or  acetic 
acids,  the  starch  nucleus  is  broken  down  and 
esters  of  dextrins  are  formed,  which  are  soluble 
in  cold  water.  The  proportion  of  acid  fixed 
depends  on  the  time  of  treatment.  After  15 
hours’  heating  with  glacial  acetic  acid  at  90°, 
the  product  just  ceases  to  give  a blue  iodine 
colouration,  and  the  products  of  the  further 
heating  are  soluble  in  cold  water.  When  care  is 
taken  to  exclude  moisture,  and  the  heating  is 
continued  for  2 or  3 hours  only,  using  equal 
weights  of  starch  and  glacial  acetic  acid,  an 
acetylated  starch,  known  commercially  as 
Feculose,  is  obtained.  This  behaves  like  starch 
towards  boiling  water,  but  the  jelly  does  not 
revert  on  standing.  It  forms  very  clear  flexible 
films,  and  is  said  to  give  better  results  than 
dextrin  as  a textile  finish  {see  Traquair,  J.  Soc. 
Chem.  Ind.  1909,  28,  288). 

Dextrin  syrups  find  employment  in  a variety 
of  industries.  They  are  prepared  from  starch 
by  heating  it  with  hydrochloric  or  sulphuric  acids 
in  precisely  the  manner  already  described  for 
dextrose  {v.  Carbohydeates),  with  the  exception 
that  conversion  is  stopped  at  a much  earlier 
stage.  Thus  in  the  modern  American  process  of 
manufacture  of  corn  syrup  from  maize  starch, 
less  than  10  minutes’  heating  is  required.  The 
product  evaporated  to  42°-45°  B.  forms  a 
colourless  viscous  syrup,  having  the  composition 
water,  19  p.c.  ; dextrose,  38-5  p.c.  ; dextrin, 
42’0  p.c.  ; ash,  0-5  p.c. 

In  America  corn  syrup  is  used  extensively 
in  making  confectionery,  preserves,  and  table 
syrups,  being  preferable  to  sugar  or  cane  syrup, 
as  the  goods  are  not  likely  to  grain. 

According  to  Yano  (J.  Chem.  Ind.  Tokyo, 
1918,  21,  865),  dextrin  prepared  by  adding  10 
parts  dilute  nitric  acid  (5  parts  of  acid  of  sp.gr. 
1*4  and  95  parts  water)  to  100  parts  of  sweet 
potato  starch,  drying  the  resulting  paste  at 
about  50°,  and  heating  it  for  an  hour  at  about 
150°,  is  a suitable  substitute  for  gum  arabic  as 
an  adhesive. 

Dextrin  may  also  be  prepared  by  the  action 
of  malt  extract  on  gelatinised  starch.  E.  F.  A. 

DEXTROFORM.  A condensation  product 
of  dextrin  and  formaldehyde. 

DEXTROSE  V.  Carbohydrates. 

DHAK  GUM  V.  Kino. 

DHAUR A.  A gum  obtained  from  Anogeissus 
laiifolia  (Wall.).  It  is  extensively  used  in  India  in 


calico-printing  ; it  occurs  in  clean  straw-coloured 
elongated  masses,  sometimes  honey- coloured  or 
even  brown  from  impurities.  As  an  adhesive 
gum  it  is  inferior  in  strength  to  gum  arabic.  In 
India,  the  reputation  of  this  gum  stands  high 
with  the  calico  printers,  especially  of  Lucknow, 
and  it  is  probable  it  possesses  some  specific 
peculiarity  justifying  the  preference,  since  it  is 
used  with  certain  dyestuffs,  such  as  with  haldi 
{Curcuma  longa  [Linn.]),  whilst  gum  arabic  or 
‘ babul  ’ is  used  with  madder  {Bubia  cordi folia 
[Linn.])  (Watts’  Economic  Products  of  India). 
DHURRIN  V.  Glucosides. 

DIABASE.  This  name  was  introduced  by 
the  French  mineralogist  A.  Brongniart,  in  1807, 
for  those  varieties  of  basalt  in  which  the  light 
and  dark  minerals,  respectively  felspar  and 
augite  (or  as  he  erroneously  supposed,  felspar 
and  hornblende),  are  distinguishable  to  the 
unaided  eye.  As  actually  defined  by  him,  the 
term  is  therefore  synonymous  with  the  diorite 
of  Haiiy  (1822),  whilst  with  the  correction  of 
augite  for  hornblende  it  becomes  a synonym  of 
the  dolerite  of  Haiiy  (1822).  In  the  latter 
sense  it  is  used  by  some  authors  at  the  present 
time  {v.  Dolerite).  Unfortunately,  the  term 
was  re-defined  by  German  petrographers,  and 
it  came  to  be  applied  to  the  older,  or  pre-Tertiary, 
dolerites,  which  differ  from  those  of  more  recent 
date  only  in  showing  correspondingly  more 
alteration,  with  the  development  of  secondary 
minerals,  such  as  chlorite.  In  consequence  of 
this,  the  name  ‘ diabase  ’ is  now  applied  by  most 
English  authors  to  a partially  altered  or  weathered 
dolerite.  In  this  sense  it  has  an  economic 
bearing,  since  rocks  of  this  class,  being  of  wide 
distribution,  are  much  quarried  for  road  mend- 
ing. For  this  purpose  the  fresher  dolerites  are 
somewhat  brittle,  whilst  diabases  are  tougher 
and  more  durable,  providing  the  decomposi- 
tion has  not  proceeded  too  far.  There  is  also  a 
tendency  to  use  the  name  ‘ diabase  ’ in  a loose 
sense,  like  the  popular  terms  ‘ greenstone,’ 

‘ whinstone,’  ‘ toadstone,’  and  ‘ trap-rock.’ 

L.  J.  S. 

DIABETIN.  A trade  name  for  a preparation 
of  Isevulose. 

DIACETYL  V.  Ketones. 
DIACETYLDIOXIME,  DIMETHYLGLYOX- 

IME  V.  Ketones. 

DIACETYL  MORPHINE  v.  Opium. 

DIAL-CIBA.  A trade  name  for  diallyl- 
barbituric  acid. 

DIALKYL  BARBITURIC  ACIDS  v.  Pyrimi- 
dines. 

DIALLAGE.  An  important  rock-forming 
mineral  belonging  to  the  monoclinic  series  of 
the  pyroxene  group.  It  has  the  same  composi- 
tion as  diopside  and  hedenbergite, 

Ca(Mg,Fe)(Si03)2 

but  with  the  addition  of  alumina  passes  into 
augite.  It  differs  from  the  other  members  of 
the  pyroxene  group  in  possessing  a fine  lamellar 
structure,  due  to  secondary  twinning  and 
partial  alteration  of  the  material.  On  the 
surfaces  of  foliation  the  mineral  displays  a 
shining  metallic  sheen,  and  on  this  account  it  is 
sometimes  used  as  an  ornamental  stone.  The 
colour  is  grey,  brown,  or  green.  Diallage  is  of 
common  occurrence  as  a constituent  of  gabbro. 

L.  J.  S. 
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DIALOGITE.  Manganese  carbonate  {v.  Man- 
ganese and  Rhodochrosite). 

DIALURIC  ACID,  Tartronylurea 


CO< 


/-NH-CO\ 


prepared  by  reducing  alloxan  with  zinc  and 
hydrochloric  acid,  or  with  suljjhuretted  hydrogen 
at  the  temperature  of  boiling  water  (Liebig  and 
Wohler,  Annalen,  26,  276),  or  with  ammonium 
sulphide,  when  ammonium  dialurate  is  obtained 
and  is  readily  converted  mto  the  acid  by  the 
action  of  hot  dilute  hydrochloric  acid  (Gregory, 
Chem.  Soc.  Mem.  1845,  ii.  11).  A mixture  of 
j)otassium  dialurate  and  oxalurate  is  obtained 
by  adding  potassium  carbonate  to  a solution  of 
alloxan  containing  potassium  cyanide  (Strecker, 
Annalen,  113,  53);  it  is  prepared  by  reducing 
alloxantin  with  sodium  amalgam,  or  dibromo- 
barbituric  acid  with  sulphuretted  hydrogen 
(Baeyer,  Annalen,  127,  12  ; 130,  133).  Magnier 
de  la  Source  showed  that  dialuric  acid  is  ob- 
tained by  prolonged  boiling  of  uric  acid  with 
water  (Bull.  Soc.  chim.  1875,  23,  529),  or  it  can 
be  obtained  from  uric  acid  on  gentle  heating 
with  hydrochloric  acid  and  potassium  chlorate 
(Biltz  and  Damm,  Ber.  1913,  46,  3662-3665). 
Grimaux  effected  its  synthesis  by  treating 
tartronic  acid  and  urea  with  phosphorus  oxy- 
chloride (Compt.  rend.  1879,  88,  85). 

Dialuric  acid  forms  colourless  short  four- 
sided prisms,  or  narrow  thin  leaflets  with  rounded 
ends,  sparingly  soluble  in  cold,  more  readily  so 
in  hot  water ; turns  red  at  180°,  m.p.  214°-215° 
(corr.)  (Biltz  and  Damm,  l.c.  3664).  The  moist 
crystals  or  the  aqueous  solution  rapidly  absorbs 
oxygen  from  the  air  to  form  alloxan,  which  com- 
bines with  the  dialuric  acid,  forming  alloxantin. 
The  rate  at  which  the  change  takes  place  is 
illustrated  by  the  results  obtained  by  Hartley 
(Chem.  Soc.  Trans.  1905,  87,  1804),  in  an  un- 
successful attempt  to  obtain  the  absorption 
spectra  of  dialuric  acid ; 0d44  gram  of  pure 
dialuric  acid  was  dissolved  by  agitation  and 
warming  in  100  c.c.  of  water,  and  immediately 
afterwards  the  solution  yielded  the  same  series  of 
absorption  spectra  as  a solution  of  0-322  gram 
of  alloxantin,  dissolved  in  250  c.c.  of  water. 
Alloxantin  is  also  formed  by  mixing  solutions 
of  equivalent  quantities  of  dialuric  acid  and  of 
aUoxan  (c/.  Richter,  Ber.  1911,  44,  2155-2158). 
Dialuric  acid  is  monobasic,  and,  contrary  to  the 
statements  of  Menschutkin  (Ber.  1875,  8,  760  ; 
Annalen,  1876,  182,  70),  forms  only  one  series 
of  salts  of  the  type  C4H3O4N2M'.  The  sodium, 
'potassium,  ammonium,  and  barium  salts  are 
crystalline  (Koech,  Annalen,  1901,  315 ; Behrend 
and  Friederich,  Annalen,  1906,  344,  1). 


Acetyldialuric  acid  COs 


'NH-CO' 

.NH-CO^' 


CH-OAc 


crystallises  in  white  prisms  or  leaflets  ; m.p. 
210°-212° ; gives  a violet  precipitate  with 
barium  hydroxide ; forms  the  potassium  salt 
CgH505N2K,H20,  and  combines  with  alloxan 
to  form  acetylailoxantin  C4QHgOgN4,H20,  m.p. 
263°-265° ; benzoyldialuric  acid  Ci4Hg05N2, 
crystallises  in  prisms,  m.p.  209°-210°,  yields 
with  barium  hydroxide  a white  precipitate, 
turning  violet,  and  combines  with  alloxan  to 
form  benzoylalloxantin  Ci5H4g09N4,H20,  or 
^HgO,  m.p.  253°-255°  (Behrend  and  Frie- 
derich, Annalen,  1906,  344,  1-18). 

VOL.  II.— 


Substituted  dialuric  acids  of  the  type 

CO<(^^j^.QQ^^C(OH)R  are  obtained  by  the 

condensation  of  alloxan  with  (1)  aromatic 
ketones,  e.g.  phenacyldialuric  acid,  where 
R=CgH5-CO-CH2—  ; (2)  aromatic  amines,  e.g. 
p-aminoj)henyltartronylurea,  where 


R=NH2-C5H4-; 


(3)  pyrazolone  bases,  e.g.  phenylniethylpyrazo- 

NPh  • CO\ 

lonetartronylurea,  where  R=  | ; 

NMe-CMe^ 

(4)  phenols,  e.g.  p-hydroxyphenyltartronylurea, 
where  R=OH-CgH4  — . For  the  preparation 
and  technical  application  of  these  compounds, 
see  art.  Alloxan. 

Methyl  dialuric  acid  C5Hg04N2-H20  may 
be  prepared  by  reducing  dimethyl  alloxantin 
with  sodium  amalgam,  crystalhses  in  round 
clusters  of  silky  needles  or  narrow  lancet-shaped 
leaflets,  m.p.  167°- 168°  (corr.),  or  directly  from 
theobromine  on  careful  treatment  with  flnely 
divided  potassium  chlorate  in  presence  of 
hydrochloric  acid  crystallises  in  bundles  of 
colourless  glistening  filaments,  many  of  which 
widen  to  slender  narrow  leaflets.  The  molecule 
of  water  is  driven  off  at  110°-120°.  From 
alcohol  the  acid  crystallises  in  anhydrous,  stout, 
lustrous  rhombohedra,  m.p.  184°-185°  (Biltz 
and  Damm,  Bei,  1913,  46,  3665-3667). 

Dimethyldialuric  acid 


p^^NMe-CO 

^^\NMe-CO 


CH-OH 


obtained  by  reducing  amalic  acid  (tetramethyl- 
alloxantin)  with  sulphuretted  hydrogen  (Maly 
and  Andreasch,  Monatsh.  1882,  3,  92),  or  with 
sodium  amalgam  (Techow,  Ber.  1894,  27,  3082), 
forms  colourless  compact  crystals  which  become 
red  at  100°  and  decompose  at  170°  (c/.  Biltz 
and  Damm,  ibid.  3667-3668)  ; the  acid  crystal- 
lises with  one  molecule  of  water,  which  is  partly 
lost  in  vacuum  and  completely  at  110°.  The 
hydrated  acid  has  m.p.  just  under  100°,  and 
decomposes  about  210°.  The  anhydrous  acid 
begins  to  discolour  at  190°,  and  has  m.p.  218° 
(corr.)  with  decomposition.  It  forms  crystalline 
alkali  salts,  and  reduces  cold  solutions  of  silver 
and  copper  salts. 
i^o-Dialurie  acid 


or  CO> 


.NH-CO 
-NH-CH(OH)- 
.NH-CO 


>C0,2H20,  obtained  by 


the  action  of  bromine  water  on  z50-barbituric  acid 
.q^^C(OH)  or  aminouracil  or  hy- 


droxyxanthine  (Behrend  and  Roosen,  Ber.  1888, 
21,  999),  crystallises  in  trimetric  prisms  some- 
times a centimetre  long  (Weinschenk,  Annalen, 
1889,  251,  243),  is  readily  soluble  in  water,  less  so 
in  alcohol ; it  loses  one  molecule  of  water  of  crys- 
tallisation at  100°.  The  other  molecule,  which 
is  regarded  as  water  of  constitution,  is  lost  at 
140°- 150°,  at  which  temperature  the  compound 
decomposes,  /sodialuric  acid  is  converted  into 
dialuric  acid  by  the  action  of  bases  (Koech, 
Annalen,  1901,  315,  246).  It  yields  uric  acid  on 
condensation  with  urea,  reduces  solutions  of 
silver  salts,  and  combines  with  hydroxylamine 
to  form  two  isomeric  oximino-  compounds.  The 
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a-  oxime,  forms  shining  plates  or  prisms,  becomes 
red  and  decomposes  at  100° ; the  oxime 
crystallises  in  needles  which  do  not  become 
red  at  110°  (Behrend  and  Koosen,  Annalen, 
251,  244). 

Metbyhsodialuric  acid  CgHgOgNa,  prepared 
by  oxidising  methyh'sobarbituric  acid  (Leh- 
mann, Annalen,  1889,  253,  80)  with  bromine 
water,  crystallises  in  rosette-like  aggregates  from 
water,  and  in  contradistinction  to  ^isodialuric 
acid,  contains  only  1 molecule  of  water,  which 
is  regarded  as  water  of  constitution.  M.  A.  W. 

DIAMIDOGEN  BLACK,  -BLUES  v.  Azo- 

COLOUEING  MATTEES. 

DIAMINE  BETA  BLACK,  -BLACK,  -BLUE, 
-BRONZE,  -BROWNS,  -CUTCH,  -FAST  RED, 
-GOLD,  -GREEN,  -PINK,  -ROSE, ^-SCARLET, 
-VIOLET, -YELLOW  V.  Azo-  coloueestg  mattees; 
Peimuline. 

DIAMINES  V.  Amines. 

DIAMINOACRIDYLBENZOIC  ACID  v. 

Aceidine  dyestuffs. 

DIAMINOBENZENES,  DIAMINOTOLUENES 

V.  Amines. 

4 : 4'-DIAMINOBENZOPHENONE  v.  Ke- 

tones. 

4 : 4 -DIAMINODIPHENYL  - 3 : 3'  - DISUL- 
PHONIC  ACID.  Berizidine  disulphonic  acid  v. 
Diphenyl. 

2 : 6-DIAMINOPHENOL-4-SULPHONIC  ACID 

ho/  SSOgH 

is  obtained  by  reducing  a solution  of  sodium 
2 : 6-dinitrophenol-4-sulphonate  by  zinc  dust 
and  hydrochloric  acid.  Used  in  the  manufacture 
of  azo  dyes  (Farb.  vorm  Meister,  Lucius,  and 
Briining,  D.  R.  P.  148212). 

DIAMINOSTILBENEDISULPHONIC  ACID 

: Ch/^NH^ 

^SOaH  . 

may  be  prepared  by  adding  zinc  dust  to  sodium 
p-nitrotoluene  sulphonate  in  a hot  solution  of 
caustic  soda,  until  the  liquid  is  decolourised, 
filtering  and  acidifying  with  hydrochloric  acid. 
The  precipitated  diaminostilbenedisulphonic  acid 
may  be  purified  by  re-solution  in  sodium 
carbonate,  and  reprecipitation  with  acid  (Leon- 
hardt  and  Co.  D.  R.  P.  38735  ; cf.  Bender  and 
Schultz,  Ber.  1886,  19,  3234).  May  also  be 
obtained  by  reducing  dinitrostilbenedisulphonic 
acid  with  ferrous  hydroxide  and  ammonia 
(Green  and  Wahl,  Eng.  Pat.  5351,  1897  ; Ber. 
1897,  30,  3100). 

DIAMOND.  Carbon  crystallised  in  the  cubic 
system.  The  contrast  presented  by  the  physical 
characters  of  the  two  forms  of  crystallised 
carbon — diamond  and  graphite — is  very  striking. 
Diamond  is  the  hardest  of  minerals,  and,  indeed, 
of  all  known  substances,  but  at  the  same  time 
it  is  very  brittle ; on  the  other  hand,  graphite 
is  one  of  the  softest  of  minerals,  and  it  is  flexible 
and  inelastic.  The  one  is  colourless  and  trans- 
parent and  a bad  conductor  of  electricity,  whilst 
the  other  is  black  and  opaque  and  a good 
conductor.  There  is  also  a considerable  differ- 
ence in  density,  diamond,  3 ’52  ; graphite,  2*25. 

The  name  diamond,  in  French  and  German 
Diamant,  and  similar  in  most  other  European 


languages,  is  a corruption  of  the  Latin  Adamas, 
which  was  used  for  this  mineral  by  Manilius 
(a.d.  16)  and  Pliny  (a  d.  100).  This  came  from 
'ASdfxas,  meaning  invincible,  a word  applied 
by  the  Greeks  to  hard  metals  and  stones.  The 
similar  name  adamantine-spar  was  used  by 
the  chemist  Joseph  Black  for  corundum. 
Although  diamond  and  corundum  are  numbered 
respectively  10  and  9 in  the  mineralogist’s  scale 
of  hardness,  and  with  no  other  mineral  falling 
between  the  two,  yet,  as  shown  by  abrasive 
tests,  diamond  is  140  times  harder  than  corun- 
dum, and  more  than  a thousand  times  harder 
than  quartz  (No.  7 on  the  scale).  It  is  on  this 
high  degree  of  hardness  that  all  the  technical 
applications  of  diamond  depend  ; and  a faceted 
gem  never  shows  any  signs  of  wear.  Lapidaries 
assert  that  stones  from  Borneo  and  New  South 
Wales  are  harder  than  those  from  other  localities. 

Crystalline  Form. — Crj^stals  of  diamond  are 
almost  always  found  singly  and  with  faces 
developed  on  all  sides ; thus  indicating  that 
they  grew  freely  from  individual  centres  in 
some  surrounding  medium.  By  far  the  com- 
monest form  is  the  regular  octahedron,  the 
faces  of  which  are  often  delicately  marked  with 
minute  triangular  pits  or  ‘ etched  figures,’  whilst 
the  edges  are  nearly  always  rounded  and  often 
marked  with  a pronounced  furrow.  Other 
forms  are  a hexakis- octahedron  (six-faced 
octahedron),  and  less  often  the  rhombic-dode- 
cahedron and  the  cube,  while  crystals  of  dis- 
tinctly tetrahedral  habit  are  rare.  Nevertheless, 
it  is  probable  that  crystals  of  diamond  are  really 
hemihedral  (tetrahedral-cubic) ; the  apparent 
octahedron  consisting  of  two  tetrahedra  inter- 
penetrating in  twinned  position.  Distinctly 
formed  twinned  crystals  are  not  uncommon. 
These  are  contact-twins  with  a face  of  the 
octahedron  as  twin-plane,  and  the  two  indi- 
viduals flattened  parallel  to  this  plane,  giving  a 
triangular  plate  with  re-entrant  angles  at  the 
three  corners.  These  are  known  to  the  Dutch 
cutters  as  ‘ naadsteenen  ’ (suture-stones).  In 
addition  to  the  rounded  edges,  noted  above,  the 
faces  themselves  are  often  curved,  sometimes 
to  such  an  extent  that  the  crystals  are  almost 
spherical  in  form.  This  rounding,  as  well  as 
the  etched  figures,  indicate  that  the  crystals 
have  been  corroded  subsequent  to  their  growth. 
An  important  crystallographic  character  of 
diamond  is  the  existence  of  perfect  cleavages  in 
four  directions  parallel  to  the  faces  of  the 
octahedron.  (On  the  crystallography  of  dia- 
mond, V.  A.  Fersmann  and  V.  Goldschmidt, 
Der  Diamant,  Heidelberg,  1911). 

Physical  Characters.- — In  its  optical  charac- 
ters, diamond  is  remarkable  for  its  very  high 
refractive  and  dispersive  powers,  the  indices 
being  : for  red  light  (B)  2 ’40735,  yellow  (D) 
2 ’4 1 734,  violet  (H)  2-46476,  and  the  dispersive 
value  (H-B)  0-05741,  The  critical  angles  of 
total  reflection  corresponding  with  these  indices 
are  24°  33',  24°  26',  and  23°  56',  respectively. 
The  angles  between  the  facets  of  the  brilliant 
form  of  cutting  adopted  for  the  diamond  are  so 
arranged  that  a ray  of  light  entering  the  gem 
by  the  front  facet  will  meet  the  back  facets  at 
a greater  angle  than  the  critical  angle,  and  will 
be  internally  totally  reflected,  passing  out  again 
from  the  front  of  the  stone,  and  with  a chance 
that  rays  of  different  colouis  will  be  separately 
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eflected.  A cut  stone, ^therefore,  shows  much 
brilliancy  or  ‘ fire,’  together  with  flashes  of 
prismatic  colours.  Corresponding  with  the  high 
refractive  index,  diamond  displays  a high  degree 
of  lustre,  which  is  of  the  quality  known  as 
‘ adamantine  ’ lustre.  Uncut  stones,  especially 
when  not  quite  clear,  and  with  rough  rounded 
surfaces,  present  a peculiar  and  very  character- 
istic lead-grey  metallic  appearance.  When  pure, 
diamond  is  without  colour  and  perfectly  trans- 
parent. The  best  stones  are  described  as  of  the 
‘ first  water  ’ or  ‘ blue- whites.’  More  often 
there  is  a tinge  of  colour  (‘  off-coloured  ’ stones), 
usually  pale  yellow,  brownish,  grey,  or  greenish. 
Stones  of  a good  canary-yellow,  coffee-brown, 
or  black  colour  are  not  uncommon,  but  those  of 
rich  shades  of  green,  blue,  or  red  are  very  rare. 
The  nature  of  the  colouring  matter  is  uncertain, 
but  it  is  probably  inorganic  {e.g.  iron  and 
titanium  in  the  brown  stones).  Changes  in 
colour  may  be  effected  by  the  action  of  heat  or 
by  exposure  to  radium  emanations.  Crystals 
of  diamond  being  eubic,  they  should  be  optically 
isotropic,  but  when  examined  under  the  polaris- 
ing microscope  they  are  frequently  seen  to  possess 
anomalous  double  refraction,  especially  around 
enclosures  in  the  stone.  This  is  due  to  a state 
of  strain,  which  in  some  stones  is  so  great  that 
they  burst.  Phosphorescence  is  readily  produced 
in  diamond  by  the  action  of  sunlight,  ultra- 
violet, Rontgen,  cathode,  and  radium  rays,  or 
simply  by  rubbing  (triboluminescence).  Dia- 
mond becomes  positively  electrified  by  friction. 
It  is  very  transparent  to  the  Rontgen  rays ; 
whilst  glass  imitations  are  opaque.  Being  a 
good  conductor  of  heat,  it  can  be  distinguished 
from  a glass  imitation  by  touching  with  the  tip 
of  the  tongue,  diamond  feeling  much  colder 
than  glass.  The  specific  heat  is  less  than  that 
of  graphite,  and  it  increases  rapidly  with  the 
temperature. 

Chemical  Characters. — The  combustibility  of 
diamond  was  first  proved  experimentally  by  the 
Florentine  Academicians  in  1694.  Lavoisier,  in 
1772,  found  that  the  presence  of  air  was  neces- 
sary, and  that  ‘ fixed  air  ’ resulted  ; but  it  was 
Smithson  Tennant,  in  1797,  who  first  proved 
that  equal  weights  of  diamond  and  carbon 
yielded  equal  weights  of  carbon  dioxide.  More 
convincing  experiments  in  this  direction  have 
been  made  by  Davy,  Dumas  and  Stas,  A. 
Krause  (1890),  and  H.  Moissan  (1893).  Powdered 
diamond  burns  readily  in  air  at  a red  heat. 
Moissan  determined  the  temperature  of  ignition 
in  oxygen  to  be  690°-790°  ; according  to  Joly, 
it  is  850°  in  air.  It  burns  with  a small  pale- 
blue  flame,  and  in  oxygen  is  able  to  support 
its  own  combustion.  It  is  infusible  even  in  the 
electric  arc ; and  it  can  be  heated  at  high 
temperatures  (1500°)  without  alteration  in 
various  gases  (hydrogen,  nitrogen,  sulphur 
dioxide  and  trioxide,  and  nitrous  oxide).  In 
carbon  dioxide,  however,  at  1200°  the  crystals 
are  corroded,  with  formation  of  carbon  monoxide. 
It  is  unattacked  by  acids,  caustic  alkalis,  iodic 
anhydride,  hydrogen  potassium  sulphate,  or  a 
mixture  of  sodium  chlorate  and  nitric  acid,  but 
is  oxidised  when  heated  to  1 80°-230°  in  a mixture 
of  potassium  bichromate  and  sulphuric  acid. 
In  fused  poteissium  nitrate  or  sodium  carbonate 
at  about  900°  small  etched  figures  are  slowly 
produced ; at  1200°  the  action  is  more  rapid 


carbon  dioxide  being  liberated.  It  is  acted 
upon  by  sulphur  vapour  at  900°  ; and  it  com- 
bines with  iron,  yielding  steel.  Crystals  are 
etched  by  molten  olivine  (magnesium  silicate). 
The  fact  that  diamond  gives  with  oxidising 
agents  only  carbon  dioxide,  whilst  graphite 
yields  graphitic  oxide  has  led  to  the  suggestion 
that  these  two  forms  of  carbon  are  chemical 
isomerides.  Observations  at  high  temperatures 
are  somewhat  contradictory  ; a mere  blackening 
of  the  surface  has  often  been  observed,  but  not 
always  confirmed.  C.  Doelter  (1911),  with 
crystals  packed  in  chareoal  or  thorium  oxide 
and  heated  to  2500°,  obtained  only  a superficial 
blackening  without  any  alteration  in  the  physical 
characters  of  the  material.  Moissan  (1893), 
however,  records  the  conversion  into  graphite 
at  the  temperature  of  the  electric  arc  (about 
3600°) ; and  Parsons  and  Swinton  (1907)  found 
that  a diamond  placed  in  the  focus  of  cathode 
rays  in  vacud  swelled  up  into  a coke-like  mass 
when  the  temperature  reached  1890°.  In  this 
connection  the  occurrence  of  cubes  of  graphite 
(cliftonite)  in  meteoric  irons  is  significant ; 
these  have  been  supposed  to  be  paramorphs 
after  diamond. 

The  ash  remaining  when  diamond  is  burnt 
amounts,  for  colourless  crystals,  to  0 •02-0 -05 
p.c.,  but  in  the  less  pure  carbonado  it  may  reach 
4 ’8  p.c.  It  consists  mainly  of  iron  oxide  and 
silica,  with  some  lime,  magnesia,  and  titanium. 
The  iron  and  titanium  may  represent  the  colour- 
ing matter  present  in  the  stone  ; but  the  frequent 
presence  of  minute  enclosures  in  diamond  is  riot 
to  be  overlooked.  In  addition  to  liquid  enclos- 
ures (carbon  dioxide  and  water),  the  following 
materials  have  been  recorded : black  car- 
bonaceous matter,  ilmenite  or  haematite,  quartz, 
rutile,  iron-pyrites,  gold,  chlorite  (?),  apophyllite, 
&o. 

Varieties. — Differing  in  certain  points  from 
the  general  eharacters  enumerated  above,  there 
are  two  varieties  of  diamond — bort  and  car- 
bonado— which,  for  technical  purposes,  are  more 
important  than  the  purer  crystals  need  for  gems. 
These  are  crystalline  aggregates,  as  distinct  from 
single  well- developed  crystals. 

Bort  (boart  or  boort)  consists  of  a number 
of  individual  crystals  with  a radial  grouping 
around  a common  centre,  giving  rise  to  rounded 
exterior  forms.  These  are  sometimes  quite 
spherical  (‘  shot- bort  ’).  They  are  usually  rough 
on  the  exterior,  it  being  only  hero  that  the 
fibres,  or  individual  crystals,  have  been  free  to 
develop  crystal  faces — in  the  interior  these  have 
interfered  with  each  other’s  growth.  Although 
each  individual  possesses  the  cleavage  character- 
istic of  diamond,  yet  for  the  whole  mass  there 
is  no  continuous  cleavage.  For  this  reason, 
bort  is  tougher  than  the  single  crystals,  which 
readily  split  along  the  cleavage  directions,  and 
is  thus  better  adapted  for  boring,  turning,  and 
cutting  tools.  This,  no  doubt,  is  the  explana- 
tion of  the  common  statement  that  bort  is 
harder  than  diamond ; further,  since  in  crystals 
the  degree  of  hardness  varies  with  the  direction, 
a chance  section  of  bort  will  present  both 
maximum  and  minimum  values.  The  rounded 
pieces  of  bort  are  translucent  to  cloudy  and 
opaque.  They  are  grey  or  black  with  a greasy 
to  metallic  lustre,  and,  usually,  a peculiar 
leaden  appearance  ; sp.gr.  3-50.  In  the  trade 
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the  term  bort  also  includes  fragments  (such  as 
those  obtained  by  bruting),  and  all  crystals  and 
stones  that  are  useless  for  gem  purposes.  Such 
material  is  of  value  as  an  abrasive,  but  not  for 
tools. 

Carbonado,  or  ‘ black  diamond  ’ (known  in 
the  trade  as  ‘ carbon  ’ or  ‘ carbonate  ’),  is  a 
finely  granular  crystalline  material,  dull,  black, 
and  opaque,  and  often  more  or  less  porous,  with 
somewhat  the  appearance  of  coke.  It  forms 
irregularly-shaped  masses,  and  consists  of  a 
confused  aggregate  of  minute  crystal  grains  of 
diamond.  It  therefore  presents  no  cleavage  as 
a whole,  and  is  consequently  tougher  and  less 
frangible  than  crystals.  It  is  less  pure  than 
ordinary  diamond,  yielding  more  ash  (up  to 
4-8  p.c.)  when  burnt.  An  analysis  of  the  ash 
gave  Fe^Oa  53-3,  SiOa  33-1,  CaO  13-2  p.c.  ; 
MgO  trace.  The  sp.gr.  is  less,  3 -15-3 -34  (the 
value  for  crystals  being  between  the  limits 
3 •516-3 '525).  The  largest  known  piece  of 
carbonado  was  found  in  Bahia,  Brazil,  in  1895. 
It  weighed  631-9  grams,  that  is,  slightly  more 
than  the  famous  ‘ Cullinan  ’ diamond  (which 
weighed  621 -2  grams).  Both  carbonado  and 
bort  show  considerable  variations  in  texture, 
and  with  increasing  coarseness  of  grain  they 
may  pass  insensibly  into  ordinary  diamond. 

Occurrence. — India,  from  very  remote  times 
until  the  middle  of  the  eighteenth  century,  was 
the  only  source  of  diamond  (with  the  unim- 
portant exception  of  Borneo).  Since  the  dis- 
covery of  the  Brazilian  and  South  African 
deposits  the  output  has  gradually  fallen  off, 
amounting  in  1916  to  only  20  carats.  The 
secondary  deposits  have,  however,  only  been 
worked  by  native  methods,  and  the  original 
deposits  have  not  been  discovered.  Indian 
diamonds,  being  of  the  best  gem-quahty,  there 
is  thus  a possibility  of  further  developments. 
They  occur  associated  with  pebbles  of  jasper 
and  vein-quartz  in  thin  beds  of  conglomerate 
in  the  ancient  sedimentary  rocks  (sandstones 
and  shales)  of  the  Vindhyan  system  (probably 
pre-Cambrian),  which  rest  directly  on  the 
crystalline  rocks.  With  the  weathering  of  these 
strata,  the  diamonds  are  left  on  the  surface  or 
are  accumulated  in  the  alluvial  deposits  of  the 
present  rivers.  The  districts  where  mining 
has  been  done  fall  into  three  main  groups  : a 
southern  group  in  the  basins  of  the  Pennar, 
Kistna,  and  Godavari  rivers  ; an  eastern  group 
in  the  Mahandi  valley ; and  a northern  group 
near  Panna  in  Bundelkhand.  A doubtful 
occurrence  of  diamond  in  pegmatite  has  been 
described  from  Wajra  Karur  near  Bellary ; 
and,  unfortunately,  nothing  is  known  as  to 
whence  the  diamonds  found  in  the  ancient 
sedimentary  rocks  were  derived.  (On  Indian 
diamonds,  v.  Manual  of  the  Geol.  of  India, 
vol.  3,  Economic  Geology,  1881,  by  V.  Ball ; 
vol.  4,  Mineralogy,  1887,  by  F.  P.  Mallet.) 

In  Brazil,  diamonds  were  discovered  about 
1725  in  the  alluvial  gold- washings  at  Tejuco 
(now  Diamantina)  in  Minas  Geraaes ; and, 
although  they  have  been  since  found  in  several 
other  districts,  notably  in  Bahia,  this  has 
remained  the  principal  diamond-mining  centre. 
Here,  as  in  India,  the  diamond-bearing  alluvial 
deposits  have  been  derived  from  conglomerates 
and  sandstones  (including  the  flexible  sandstone 
known  as  itacolumite)  of  considerable  geological 


age,  and  the  original  rock  from  which  these  were 
derived  is  not  known.  The  Brazilian  deposits 
are,  however,  remarkable  for  the  variety  of 
minerals  found  as  well-worn  pebbles  (‘  favas  ’) 
in  association  with  the  diamond ; and  the 
nature  of  these  minerals,  or  indicators,  has  led 
to  the  suggestion  that  they,  together  with  the 
diamonds,  originally  came  from  quartz-veins. 
(On  Brazilian  diamonds,  see  Mineralogical  Papers 
by  0.  A.  Derby  and  by  E.  Hussak  ; also  E.  Hus- 
sak.  Os  Satellites  do  Diamante,  Eio  de  Janeiro, 
1917  ; H.  Preston,  J.  Soc.  Arts,  1909,  Iviii.  101.) 

In  South  Africa,  diamonds  were  first  dis- 
covered in  1867  near  Hopetown  on  the  Orange 
Diver.  In  1868  the  important  workings  (‘river 
diggings  ’)  on  the  Vaal  River  were  commenced ; 
and  in  1870-1871  the  diamonds  were  traced  to 
deposits  of  an  unique  type,  in  the  neighbourhood 
of  which  the  town  of  Kimberley  in  Griqualand 
West,  Cape  Province,  very  quickly  sprung  up. 
Here  are  situated  the  famous  mines  De  Beers, 
Kimberley,  Dutoitspan,  Bultfontein,  and  Wes- 
selton.  Other  mines  of  the  same  type  are  the 
lagersfontein  and  Koffyfontein  mines  in  Orange 
Free  State,  and  the  great  Premier  mine  (dis- 
covered in  1902)  near  Pretoria  in  the  Transvaal. 
The  diamond-bearing  rock  of  these  mines  fills 
volcanic  pipes,  200-300  yards  (in  the  case  of  the 
Premier  mine  half  a mile)  across,  penetrating 
vertically  the  surrounding  beds  of  basalt,  shale, 
diabase,  and  quartzite,  and  extending  to  un- 
known depths.  The  rock,  known  as  kimberlite, 
or  locally  as  ‘ blue  ground,’  consists  mainly  of  a 
hydrated  magnesium  silicate  with  much  the 
same  composition  as  serpentine.  It  contains 
boulders  and  broken  fragments  of  various  rocks 
(basalt,  shale,  sandstone,  quartzite,  granite, 
mica-schist,  eclogite,  &c.)  and  minerals  (ilmenite, 
pyrope,  enstatite,  chrome-diposide,  iron-pyrites, 
&c.),  and  is  of  the  nature  of  a volcanic  agglo- 
merate. Diamond  is  present  in  this  rock  on 
an  average  of  one  part  in  forty  miUions,  and  in 
the  richest  part  of  the  Kimberley  mine  one  part 
in  two  millions.  Numerous  pipes  of  a similar 
character,  but  containing  few  or  no  diamonds, 
are  scattered  over  a wide  area  in  South  Africa. 
The  diamond  was  brought  from  below  up  with 
the  igneous  material,  which  must  have  been 
derived  from  a basic  magma  rich  in  ohvine. 
Although  the  origin  of  diamond  has  been  the 
subject  of  much  discussion,  there  seems  no 
reason  to  doubt  but  that  it  crystallised  from  this 
basic  magma.  The  rare  presence  of  diamonds 
embedded  in  boulders  of  eclogite  (a  garnet- 
pyroxene  rock)  found  in  the  blue  ground  has 
led  to  the  suggestion  that  this  is  the  mother- 
rock  ; but  it  is  quite  conceivable  that  the 
mineral  crystallised  from  more  than  one  kind 
of  basic  magma. 

The  early  open  worldngs  (‘  dry  diggings  ’) 
at  the  Kimberley  mines  were  soon  replaced  by 
a regular  system  of  underground  mining.  The 
blue  ground,  when  brought  to  the  surface,  is 
either  directly  crushed  or  is  spread  on  floors  and 
exposed  to  the  action  of  the  weather  for  about 
a year,  when  it  is  crumbly  enough  to  enable 
the  heavy  minerals  to  be  separated  by  washing. 
From  this  concentrate  the  diamonds  are  sepa- 
rated by  means  of  a mechanical  sorting  table 
coated  with  grease,  to  which  the  diamonds 
adhere,  whilst  the  other  minerals  pass  over. 
Finally,  the  stones  are  cleaned  by  boding  in  a 
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solution  of  caustic  soda  and  in  aqua  regia  or 
hydrofluoric  acid.  Diamonds  also  occur  in 
gravels  in  the  Somabula  Forest  in  Southern 
Rhodesia,  and  kimberlite  pipes  have  been 
described  as  present  in  this  region.  In  1908 
large  numbers  of  small  diamonds  were  found  in 
the  sand-dunes  on  Liideritz  Bay  in  South-West 
Africa  ; in  this  case  the  source  of  the  diamonds 
have  not  yet  been  traced.  The  output  of  South 
African  diamonds  amounted  in  1913  to  over 
five  million  carats  (approximately  one  ton), 
valued  at  11,389,807^.  (On  South  African 
diamonds,  v.  G.  F.  Williams,  The  Diamond 
Mines  of  South  Africa,  2nd  edit.  New  York, 
1907  ; P.  A,  Wagner,  The  Diamond  Fields  of 
Southern  Africa,  Johannesburg,  1914.) 

Other  diamond-producing  countries  of  less 
importance  are  Borneo,  New  South  Wales,  and 
British  Guiana.,  Finds  have  been  reported 
from  many  of  the  states  of  North  America,  in 
British  Columbia,  Mexico,  Dutch  Guiana, 
Russian  Lapland,  the  Ural  Mountains,  Siberia, 
China,  Western  Australia,  South  Australia, 
Queensland,  Tasmania,  Belgian  Congo,  Gold 
Coast,  and  Liberia.  In  most  of  these  cases  the 
mineral  has  been  found  as  a few  scattered  stones 
in  alluvial  gold  washings.  But  in  Arkansas  and 
British  Columbia  it  has  been  found  in  an  altered 
(serpentinised)  peridotite  of  much  the  same 
character  as  the  South  African  ‘ blue  ground.’ 

The  presence  of  diamond  in  certain  meteorites 
is  of  special  interest.  It  was  first  observed  in 
the  stone  which  fell  on  September  4,  1886,  near 
the  village  of  Novo-Urei  on  the  Alatyr  river  in 
Govt.  Pensa,  Russia.  This  stone  is  composed 
of  olivine  (67‘5  p.c.)  and  augite'(23-8  p.c.), 
together  with  nickel- iron,  troilite,  chromite, 
black  carbonaceous  matter,  and  about  1 p.c. 
of  diamond,  the  last  as  minute  greyish  grains. 
As  dull  black  grains  it  has  also  been  found  in  the 
meteoric  stone  of  Carcote,  Chili.  In  several, 
though  not  in  all,  of  the  masses  of  meteoric 
iron  from  Canon  Diablo  in  Arizona,  it  has  been 
found  as  colourless  crystals,  and  as  black  and 
colourless  grains,  the  largest  1 mm.  across.  It 
is  also  recorded  from  the  meteoric  iron  of 
Magura,  Hungary.  The  cubic  form  of  graphite 
(cliftonite),  probably  a pseudomorph  after 
diamond,  has  been  found  in  the  meteoric  irons 
of  Youndegin  (Western  Australia),  Smithville 
(Tennessee),  Crosby’s  Creek  (Tennessee),  and 
Magura  (Hungary). 

Origin  and  Artificial  Production. — The  occur- 
rence of  diamond  in  acid  igneous  rocks  and  in 
quartz -veins  is  very  doubHul.  On  the  other 
hand,  its  presence  in  basic  igneous  rocks  is  well 
established ; e.g.  in  kimberlite  and  eclogite  in 
South  Africa,  in  serpentinised  peridotite  in 
Arkansas  and  British  Columbia,  and  in  diabase 
in  New  South  Wales  ; whilst  in  meteoric  stones 
the  matrix  is  also  of  the  same  general  character. 
In  these  cases  the  diamond  is  very  probably 
present  as  a primary  mineral,  and  one  of  the 
first  constituents  to  crystallise  out  from  the 
basic  silicate  magma.  In  addition,  we  have 
the  occurrence  of  diamond  in  the  nickel-iron  of 
meteorites.  This  may  be  regarded  as  a magma 
of  a still  more  basic  type,  and  it  is  thus  probable 
that  diamond  may  crystallise  from  basic 
magmas  of  widely  varying  composition. 

Many  attempts  have  naturally  been  made  to 
constrain  the  abundant  element  carbon  to 


crystallise  as  the  rare  and  valuable  diamond, 
but,  as  yet,  with  no  great  measure  of  success. 
The  results  have  in  many  cases  been  doubtful, 
and  have  often  not  been  confirmed.  The  pro- 
ducts are  always  microscopic  and  their  identifi- 
cation a matter  of  difficulty.  In  some  cases  the 
very  hard  carbides  of  silicon,  &c.,  have  probably 
been  mistaken  for  diamond.  The  experiments 
of  I.  Friedlander  (1898),  and  of  R.  von  Hasslinger 
(1902-1903),  in  which  carbon  was  dissolved  in 
molten  magnesium  silicate  (olivine  or  kimberlite), 
bear  some  relation  to  the  natural  occurrences, 
but  doubts  have  been  expressed  as  to  whether 
the  microscopic  crystals  so  obtained  were  really 
diamond.  E.  de  Boismenn  (Fabrication  synthe- 
tique  du  diamant,  Paris,  1913)  states  that  he 
obtained  crystals  up  to  2 mm.  across  by  the 
electrolysis  of  fused  calcium  carbide.  The  only 
method,  however,  that  has  been  amply  confirmed 
is  that  first  used  by  R.  S.  Marsden  (Proc.  R. 
Soc.  Edinburgh,  1881,  xi.  20)  and  elaborated  by 
Moissan  (1893-1896  ; Le  Four  electrique,  Paris, 
1897  ; and  The  Electric  Furnace,  London,  1904), 
in  which  carbon  is  dissolved  in  silver  or  iron 
at  a high  temperature  and  the  mass  suddenly 
cooled  by  immersion  in  water  or  lead.  A con- 
tracting crust  is  so  formed  and  the  molten  interior 
subjected  to  great  pressure.  Sir  C.  A.  Parsons 
(Bakerian  Lecture,  Phil.  Trans.  1919,  A 220,  67  ; 
and  J.  Inst.  Metals,  1918,  xx.)  from  a long  series  of 
experiments,  however,  concludes  that  pressure  is 
not  a necessary  condition,  and  that  the  diamond 
has  been  formed  from  gases,  probably  carbon 
monoxide,  occluded  in  the  iron.  0.  Ruff 
(Zeitsch.  anorg.  Chem.  1917,  99,  73),  in  a syste- 
matic repetition  of  the  various  methods,  also 
obtained  negative  results  except  by  Moissan’s 
method.  The  presence  of  microscopic  diamonds  in 
certain  kinds  of  hard  steel  should  finally  be  noted. 

Applications. — The  value  of  diamond  as  a 
gem  depends  on  its  high  degree  of  hardness, 
enabling  it  to  resist  wear,  and  its  high  refractive 
and  dispersive  power.  These  optical  characters 
are,  however,  only  brought  into  full  play  when 
the  stone  is  faceted  in  a particular  manner ; 


and  for  this  reason,  old  stones  cut  by  Indian 
lapidaries  have  often  been  re- cut.  The  form 
most  suited  for  this  purpose  is  the  brilliant-cut, 
and  stones  so  cut  are  known  as  brilliants.  The 
rose-cut,  or  rosette,  is  only  used  for  quite  small 
stones  usually  mounted  in  number  as  a surround. 
The  accompanying  figures  show  a brilliant 
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viewed  on  the  large  front  facet,  or  table,  and  a 
side-view  ; and  the  roee-cut,  viewed  from  above 
and  the  side.  Being  the  hardest  known  material, 
diamond  can  only  be  worked  very  slowly  and 
tediously  with  its  own  powder.  The  ground- 
form  of  the  brilliant  is  approximately  an  octa- 
hedron, and  this  can  be  obtained,  if  necessary, 
by  cleavage,  or  more  safely  by  the  modern 
method  of  sawing  with  a thin  metal  disc  charged 
with  diamond  dust.  The  brilliant  is  then 
roughly  shaped  out  by  rubbing  two  diamonds 
together — a process  known  as  bruting.  The 
final  grinding  and  polishing  of  the  facets  is 
performed  on  a rapidly  revolving  cast-iron  disc 
fed  with  diamond  dust  and  olive-oil. 

The  large  historical  diamonds  with  their 
associations  of  mystery  and  romance  are  mostly 
of  Indian  origin ; but  these  are  now  eclipsed 
by  the  numerous,  much  larger  stones  found  in 
South  Africa.  The  largest  Indian  stone  still 
preserved  is  the  ‘ Koh-i-noor,’  which  was  re-cut 
in  England  in  1852  as  a brilliant  of  106^^  carats  ^ 
(=21-786  grams).  The  largest  Brazilian  stone, 
the  ‘ Star  of  the  South,’  found  in  1853,  weighed 
in  the  rough  254|^  ‘ carats,’  and  when  cut  125 
‘ carats.’  The  largest  known  crystal  of  diamond 
is  the  ‘ Cullinan,’  which  was  found  in  1905  in 
the  Premier  mine,  Transvaal.  This  showed  a 
large  cleavage  surface,  and  was  only  a portion, 
probably  about  half,  of  the  complete  crystal. 
The  portion  as  found  weighed  621*2  grams 
(3106  metric  carats,  or  nearly  1 lb.  6 ozs.  avoir- 
dupois). Being  too  large  to  cut  as  a single 
stone,  it  was  cleaved  and  cut  as  nine  larger 
gems  (weighing  from  106-04  to  0-88  grams)  and 
ninety-six  small  brilliants,  the  yield  of  cut 
material  amounting  to  34^  p.c.  The  ‘ Cullinan,’ 
although  the  largest  crystal,  is  not  the  largest 
piece  of  diamond  that  has  hitherto  been  dis- 
covered. A mass  of  carbonado  weighing  631-9 
grams  was  found  in  1895  in  Bahia,  Brazil. 

As  an  abrasive,  diamond  powder  is  the  most 
effective  agent  available.  It  is  the  only  material 
with  which  diamond  itself  can  be  worked,  and 
it  is  much  used  by  lapidaries  for  cutting  other 
hard  stones.  A thin  disc  of  soft  iron  charged 
on  the  edge  with  diamond  powder  is  used  for 
sawing  stones,  both  for  ornamental  purposes 
and  in  the  preparation  of  thin  microscopic 
sections  of  rocks.  The  small  steel  tools  used  by 
engravers  of  cameos  and  intaglios,  and  also  the 
steel  points  used  for  boring  precious  stones,  &c., 
are  charged  with  diamond  dust.  The  material 
used  for  abrasive  purposes,  though  included  in 
the  trade  under  the  term  bort,  consists  largely 
of  the  waste  material  from  shaping  the  better 
stones  as  brilliants,  and  also  the  less  clear  and 
spotted  crystals  not  suitable  for  cutting  as 
gems.  It  is  crushed  in  a diamond-mortar, 
splinters  suitable  for  other  purposes  being  picked 
out  under  a magnifying-glass,  and  the  remainder 
reduced  to  a fine  powder. 

The  glazier’s  diamond  is  a crystal  or  frag- 
ment bounded  by  two  rounded  crystal-faces 
meeting  in  a curved,  or  cusped,  cutting  edge. 

^ This  was  the  old  English  carat  of  205-409  mg.  A 
later  value  of  the  English  carat,  as  defined  by  the  Board 
of  Trade  in  1888  and  1889,  was  205-304  mg.  The  carat- 
weight  has  now  been  standardised  in  all  countries  as 
the  metric  carat  of  200  mg.  (5  carats  = 1 gram):  This 
is  the  only  legal  value  of  the  carat  in  the  British  Isles 
since  April  1,  1914, 


For  writing,  drawing,  and  engraving  {e.g.  fine 
scales  and  rulings)  on  glass,  metal,  stones, 
ivory,  &c.)  fine  splinters  are  used,  or  the 
diamond  may  be  cut  to  a rounded  point  or 
chisel-edge.  Diamond  points  are  also  used  for 
drilling  hard  stones,  glass,  porcelain,  teeth,  &c. 

Carbonado  and  bort,  by  reason  of  their 
absence  of  cleavage,  are  much  more  suitable 
than  ordinary  diamond  for  mounting  as  small 
fragments  (2-3  carats  in  weight)  as  cutting 
tools  which  may  be  subjected  to  shocks.  These 
are  mounted  in  the  crowns  of  rock-drills,  used 
in  tunnelling,  mining,  and  sinking  bore-holes  for 
artesian  wells,  &c.  ; and  on  the  edges  of  blade, 
band,  circular,  or  vfire  saws  for  sawing  large 
blocks  of  marble,  granite,  &c.  Fragments, 
either  in  a rough  form,  or  fashioned  to  a suitable 
shape,  are  mounted  as  lathe  tools  for  working 
stone,  metal,  &c.  For  example,  for  turning 
electric -light  carbons,  the  edges  of  watch-glasses, 
finishing  accurate  turning  work  of  the  hard 
steel  axles  of  instruments  and  machines  of  pre- 
cision, boring*  cannon,  forming  the  sharp-edged 
furrows  on  the  grinding  surfaces  of  millstones, 
for  dressing  emery  wheels,  &c. 

Small  cleavage  plates  or^  flat  crystals  of 
diamond  drilled  from  each  side  with  fine  conical 
holes  are  used  for  drawing  fine  wiie,  down  to 
0-01  mm.  in  diameter.  For  the  tantalum, 
tungsten,  and  osmium  filaments  of  electric 
lamps  the  metal  is  forced  by  pressure  through 
the  hole.  Bored  diamonds  are  also  used  for  the 
pivot-supports  of  delicate  instruments,  such  as 
chronometers,  electric  meters,  &c. 

The  application  of  diamond  for  optical 
purposes  is  limited  by  the  high  cost  and  difficulty 
of  working.  Diamond  lenses  would  need  to 
have  a much  slighter  curvature  than  those  of 
glass,  and  they  would  be  immune  from  scratch- 
ing. Microscope  objectives  with  such  lenses 
were  constructed  by  Pritchard  under  the  direc- 
tion of  C.  R.  Goring,  in  1824-1826.  A hemi- 
sph-ere  of  diamond  would  also  increase  consider- 
ably the  range  and  durability  of  refractometers. 

References. — In  addition  to  the  references 
quoted  in  the  several  sections  above,  the 
following  are  given  as  being  of  a more  general 
character.  M.  Bauer,  Edelsteinkunde,  Leipzig, 
1896 ; 2nd  edit.  1909 ; Eng.  transl.  (Precious 
Stones),  by  L.  J.  Spencer,  London,  1904  ; C. 
Hintze,  Handbuch  der  Mineralogie,  Leipzig, 
1898,  vol.  i.  ; C.  Doelter,  Handbuch  der  Mineral- 
chemie,  Dresden  and  Leipzig,  1912,  vol.  i.  ; 
Sir  W.  Crookes,  Diamonds,  London,  1909 ; 
Sir  H.  A.  Miers,  Diamond,  article  in  Encyol. 
Brit.  11th  edit.  1910;  E.  Boutan,  Le  Diamant, 
Paris,  1886  ; E.  W.  Streeter,  The  Great  Dia- 
monds of  the  World,  London,  1882;  W.  R. 
Cattelle,  The  Diamond,  London,  1911  ; Annual 
Reports  on  Precious  Stones,  by  G.  F-  Kunz,  The 
Mineral  Industry  (New  York) ; and  by  D.  B. 
Sterrett,  in  Mineral  Resources,  United  States 
Geol.  Survey.  L.  J.  S. 

DIAMOND  BLACKS,  -FLAVINE,  -GREEN, 
-YELLOWS  V.  Azo-  colouring  matters. 

DIANA.  The  alchemistic  name  for  silver. 
DIANIL  BLACK,  -BLUE,  -PONCEAU, 
-YELLOWS  V.  Azo-  colouring  matters; 
Primuline. 

o-DIANISIDINE  v.  Diphenyl. 

DIANISIDINE  BLUE  v.  Azo-  colouring 

MATTERS. 
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DIANOL  BRILLIANT  RED,  -RED  i;.  Azo- 

COLOUEING  MATTERS, 

DIANTHINE  Azo-  COLOURING  MATTERS, 

DIAPHTHERIN,  DIAPHTHOL,  DIASPIRIN, 

V.  Synthetic  drugs, 

DIARSENAL.  Canadian  name  for  salvarsan. 

DIASPIRIN.  Trade  name  for  succinyl  sali- 
cylic acid. 

DIASPORE.  A native  hydrated  alumina, 
A1203-H20  or  AIO(OH),  crystallising  in  the 
orthorhombic  system  and  isomorphous  with 
goethite  and  manganite.  It  is  usually  found  as 
scales  or  foliated  masses  with  a perfect  cleavage 
in  one  direction  on  which  the  lustre  is  pearly  ; 
but  it  is  readily  distinguished  from  other  foliated 
minerals  (mica,  &c.)  by  its  much  greater  hard- 
ness (H.  =6|^-7).  Sp.gr.  3 4.  When  heated 
before  the  blowpipe  it  decrepitates  violently, 
breaking  up  into  pearly  white  scales  (hence  the 
name  diaspore,  from  diacnretpeip,  to  scatter). 
In  colour,  it  is  usually  grey  or  yellowish-brown, 
but  pale-violet  crystals  are  also  found.  It  is 
usually  found  as  an  alteration  product  of 
corundum  and  emery,  but  occurs  also  as  a 
mineral  of  contact -metamorphic  origin  in  crystal- 
line limestones.  It  is  of  importance  as  a con- 
stituent of  bauxite,  and  in  a particular  type  of 
bauxite,  called  diasporite,  occurring  in  crystal- 
line limestone  in  the  Bihar  Mountains,  Hungary, 
it  constitutes  the  bulk  of  the  material.  L.  J.  S. 

DIASTASE  or  Amylase  is  the  name  given  to 
the  enzyme  or  mixture  of  enzymes  which  con- 
verts starch  and  glycogen  into  maltose.  In 
France,  the  word  ‘ diastase  ’ is  used  as  a general 
term  for  all  enzymes,  a custom  which  causes 
considerable  confusion,  and  which  it  is  to  be 
hoped  will  lapse. 

Diastase  is  very  widely  distributed  in  plants 
and  in  animals.  It  is  found  in  blood  serum,  in 
muscle,  liver  and  pancreas,  and  particularly  in 
the  saliva,  this  latter  enzyme  being  long  known 
under  the  name  ptyalin. 

The  power  of  germinated  barley  to  hydrolyse 
starch  was  discovered  by  Kirchoff  in  1814, 
and  the  enzyme  preparation  was  first  made  by 
Payen  and  Persoz  in  1833.  Diastase  is  found 
very  generally  in  the  leaves  and  twigs,  in  the 
germinating  seeds,  in  the  bark,  in  the  pollen 
grains,  and  in  the  latex  of  plants.  It  occurs  in 
yeast  and  in  most  of  the  mould  fungi,  the  enzyme 
of  Aspergillus  oryzoe,  the  so-called  Taka  diastase 
being  well  known  on  account  of  its  industrial  use 
in  the  manufacture  of  the  Japanese  beverage,  koji. 

Diastase,  like  all  other  enzymes,  has  not 
been  prepared  in  anything  approaching  a pure 
state.  Considerable  uncertainty  exists  also  as 
to  whether  it  is  a single  enzyme  or  a mixture 
of  enzymes  acting  in  turn  to  convert  starch 
into  dextrin  and  dextrin  into  maltose.  Modern 
evidence  favours  the  view  that  it  consists  of  a 
starch-liquefying  enzyme  or  amylopectase,  and  a 
saccharifying  enzyme  able  to  hydrolyse  soluble 
starch,  but  without  much  action  on  raw  starch 
until  this  has  been  rendered  soluble  by  the 
amylopectase.  The  two  enzymes  are  found 
together,  but  in  unequal  proportions,  Wheaten 
flour,  for  example,  frequently  has  a deficiency  of 
liquefying  enzyme. 

There  are  well-marked  differences  between 
the  enzymes  present  in  resting  barley  and  in 
malt  (c/.  Lintner  and  Eckhardt,  Zeitsch.  Ges. 
Brauw.  1899,  389 ; J.  L.  Baker,  Chem.  Soc. 


Trans.  1902,  81,  1177),  one  of  the  chief  of  these 
being  that  the  diastase  of  raw  grain  possesses 
little  if  any  starch-liquefying  power.  Baker  has 
shown  that  the  products  of  hydrolysis  of  starch 
by  alcohol-precipitated  enzymes  from  the  two 
sources,  are  not  the  same.  Brown  and  Morris 
have  termed  the  enzyme  of  resting  barley 
‘ translocation  diastase,’  that  of  malt  ‘ secretion 
diastase  ’ (Chem.  Soc.  Trans.  1890,  58,  458 ; 
1893,  63,  604).  They  regarded  these  as  not  only 
different  in  their  actions,  but  as  formed  from 
different  materials.  This  latter  assumption  has 
been  disputed  (c/.  Ling’  J.  Inst.  Brewing,  1908, 
14,  494  ; Ford  and  Guthrie,  l.c.,  1908,  14,  61). 

Some  authors  consider  the  saccharifying 
enzyme  to  be  a mixture,  attributing  a different 
enzyme  to  each  stage  in  the  simplification  of  the 
starch  molecule.  It  is  impossible  at  present  to 
make  any  definite  statement  on  this  point.  In 
support  of  it,  it  appears  that  exposure  to  a 
temperature  of  68°  acts  more  injuriously  on  the 
conversion  of  dextrin  to  maltose  than  on  that  of 
starch  into  dextrin.  Heating  diastase  does  not 
affect  the  liquefying  power,  though  the  sacchari- 
fying action  largely  disappears. 

The  quantity  of  diastase  contained  in  the 
barley  grain  increases  gradually  in  the  course  of 
germination  : it  is  said  to  reach  a maximum  in 
about  8 or  9 days,  when  the  plumules  are  twice 
as  long  as  the  grains. 

Diastase  as  it  exists  in  cereals  is  partly 
present  as  an  insoluble  zymogen  in  combination 
with  protein  substances  which  are  capable  of 
attack  by  pepsin ; in  solution  the  enzyme  is 
free  and  unaltered  by  pepsin.  The  dissolved 
enzyme  is  more  active  as  the  amount  of  nitrogen 
in  solution  increases. 

Preparation. — A great  variety  of  methods 
have  been  proposed  for  the  preparation  of 
diastase,  the  majority  of  these  starting  from 
malt.  According  to  O’Sullivan  (Chem.  Soc. 
Trans.  1884,  45,  2),  finely  ground  pale  barley 
malt  is  saturated  with  water,  adding  enough  to 
slightly  cover  it  and  after  3-4  hours  as|^much 
of  the  solution  as  possible  is  expressed  by  means 
of  a filter  press.  After  filtering,  alcohol  (sp.gr. 
0-83)  is  added,  as  long  as  a flocculent  precipitate 
forms,  the  addition  being  discontinued  as  soon 
as  the  liquid  becomes  opalescent  or  milky.  The 
precipitate  is  collected,  washed  with  alcohol  of 
increasing  strength  until  dehydrated,  pressed  be- 
tween cloth  and  dried  in  vacud  over  sulphuric  acid. 

Lintner  (J.  pr.  Chem.  34,  378)  treats  1 part 
of  green  barley  malt  or  flour  of  air- dried  malt 
with  2 to  4 parts  of  20  p.c.  alcohol  for  24  hours, 
and  precipitates  the  extract  with  2|  volumes  of 
absolute  alcohol.  The  precipitate  is  washed 
with  alcohol  and  ether  to  dehydrate  it,  and  dried 
in  vaeu6. 

Loew  extracts  germinated  barley  with  4 p.c. 
alcohol,  and  precipitates  the  extract  with  basic 
lead  acetate.  The  precipitate  is  suspended  in 
water,  lead  removed  with  hydrogen  sulphide, 
and  the  enzyme  precipitated  with  a mixture  of 
alcohol  and  ether. 

Wroblewsky  extracts  finely  powdered  malt, 
first  with  70  p.c.  and  then  twice  with  45  p.c. 
alcohol.  Alcohol  is  added  to  the  two  last 
extracts  until  70  p.c.  is  present,  the  precipitate 
formed  is  collected,  washed  with  alcohol  and 
ether,  and  dried. 

For  further  purification,  both  Wroblewsky 
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and  Osborne  and  Campbell  dissolve  the  enzyme 
in  water,  and  precipitate  it  with  ammonium  sul- 
phate, which  is  added  drop  by  drop,  until  the 
liquid  contains  50  p.c.  On  standing,  a very 
active  yellowish  flaky  precipitate  is  obtained. 

Green  barley  malt  may  also  be  extracted 
with  glycerol,  and  the  diastase  precipitated  by 
alcohol.  Efiront  extracts  with  water  and 
induces  alcoholic  fermentation  in  the  extract 
so  as  to  remove  carbohydrate  and  protein  matter. 
It  is  then  filtered  and  the  diastase  precipitated 
by  alcohol. 

Animal  diastase  is  best  obtained  from  saliva. 
Cohnheim  uses  freshly  prepared  calcium  phos- 
phate as  precipitant,  extracts  this  precipitate 
with  water,  and  adds  alcohol  to  obtain  the 
enzyme.  Alcohol  is  also  used  for  direct  precipita- 
tion, likewise  ammonium  sulphate.  Von  Wittich 
extracts  pancreas  diastase  with  glycerol. 

For  the  preparation  of  an  active  diastatic 
extract  for  laboratory  use,  ground  malt  should 
be  extracted  with  twenty  times  its  weight  of  dis- 
tilled water  at  21°  for  3 hours  and  filtered  bright. 

The  diastase  of  Aspergillus  oryzae  is  sold  in 
commerce  as  Taka-diastase.  A pure  form  can 
be  prepared  from  the  commercial  article  by 
extracting  with  water,  precipitating  with 
ammonium  sulphate,  dissolving  the  precipitate 
in  water,  dialysing  and  finally  precipitating 
fractionally  with  alcohol. 

Preparations  of  diastase  obtained  as  de- 
scribed above  are  colourless,  amorphous,  and 
friable,  readily  dissolving  in  water ; but  if 
allowed  to  dry  without  being  dehydrated,  they 
are  horny  and  not  easily  penetrated  by  water. 
They  invariably  contain  ash,  which  consists  of 
potassium,  calcium,  and  magnesium  phos- 
phates, with  a trace  of  sulphate.  They  give  a 
deep  blue  colour  with  a 1 p.c.  alcoholic  solution 
of  gum  guaiacum  and  hydrogen  peroxide. 

Lintner’s  diastase  gave  the  reactions  of  the 
proteins,  and  was  found  to  contain  C,  46 '66  p.c.  ; 
H,  7'35  p.c.  ; N,  10'42  p.c.  S,  1'12  p.c.,  calcu- 
lated on  the  ash-free  product.  Osborne  (Ber. 
1898,  31,  254)  found  for  his  most  active  prepara- 
tion, which  had  a diastatic  power  of  600  and 
contained  0*66  p.c.  of  ash,  0=52*5  p.c.,  H 
=6'72  p.c.,  N=16'l  p.c.,  S=1'9  p.c.  ; and  Wro- 
blewsky  gives  N=16'5  p.c.  for  his  purest  dias- 
tase. Both  authors  regarded  diastase  as  a protein 
combined,  according  to  Osborne,  with  a proteose. 

The  most  recent  work  of  Frankel  and 
Hamburg  (Beitr.  Chem.  Physiol,  n.  Path,  1906, 
8,  389)  leads  to  the  conclusion  that  diastase  con- 
tains neither  protein  groups  nor  reducing  carbo- 
hydrates in  its  molecule.  Impurities  were  re- 
moved from  the  enzyme  solution  with  lead 
acetate,  the  solution  sterilised  by  filtration,  and 
further  purified  by  fermentation  with  a yeast 
which  had  been  rendered  nitrogen-hungry.  This 
preparation  could  be  divided  by  dialysis  into 
two  distinct  enzymes,  one  of  which  — the 
saccharifying — passed  through  the  paper,  while 
the  other — the  liquefying — was  left  behind.  It 
showed  absence  of  typical  protein  reactions,  but 
contained  a pentose  in  small  amount. 

The  purified  diastase  preparations  obtained 
by  Pribram  (Biochem.  Zeitsch.  1912,  44,  293) 
from  malt  extract  contained  7 '7  p.c.  of  nitrogen 
and  1'5  p.c.  of  ash  ; one-sixth  of  the  nitrogenous 
matter  separated  as  a coagulum  on  heating. 
The  filtrate  on  hydrolysis  with  sulphuric  acid 


yielded  a reducing  substance  which  was  con- 
sidered to  be  a polycarbohydrate  acid  which 
existed  in  the  enzyme  in  combination  with  a 
simple  polypeptide.  The  purified  diastase  was 
inactive,  but  is  activated  by  the  addition  of 
traces  of  lactic  acid. 

Particularly  active  preparations  have  been 
obtained  by  Sherman  and  Schlesinger  (J.  Amer. 
Chem.  Soc.  1913,  35,  1617)  by  extracting 
ground  malt  with  two  and  a half  times  its  weight 
of  water  or  very  dilute  acid  phosphate  solutions 
at  as  low  a temperature  as  possible,  with  subse- 
quent dialysis,  followed  by  fractional  precipita- 
tion with  alcohol  or  acetone.  The  products 
obtained  had  a diastatic  power  of  1800-2200 
on  the  Lintner  scale. 

The  most  active  preparations  contained  most 
nitrogen — about  14  p.c.  in  maximum.  When 
tested  by  the  Van  Slyke  method  they  contained 
combined  nitrogen  in  all  the  usual  eight  forms, 
the  proportions  being  within  the  range  of 
variation  shown  by  typical  protein  substances. 
The  optimum  hydrogen  ion  concentration  ex- 
pressed by  Sorensen’s  exponent  was  between 

p^  4*2  and  4*6  (J.  Amer.  Chem.  Soc.  1915, 

37,  623).  The  purified  amylases  obtained  from 
the  pancreas  and  from  malt  are  similar  in  physical 
properties,  show  the  same  qualitative  reactions 
and  have  the  same  percentage  of  nitrogen 
distributed  in  the  same  way  among  the  different 
types  of  amino  acid  radicals  (J.  Amer.  Chem. 
Soc.  1915,  37,  1305). 

The  activity  of  diastase  is  very  greatly 
influenced  by  the  nature  of  the  substrate  on 
which  it  acts,  more  particularly  as  to  whether 
this  is  alkaline  or  acid.  Certain  substances, 
such  as  the  amphoteric  amino-  acids  and  aspara- 
gine, also  ammonium  and  calcium  phosphate, 
increase  the  activity,  asparagine  being  especially 
effective  in  some  instances.  Vegetable  diastase 
exhibits  the  maximum  activity  in  presence  of 
traces  of  weak  organic  acids.  The  very  smallest 
quantities  of  alkali  stop  action,  though  this 
begins  again  as  soon  as  the  alkali  is  neutralised. 
In  reality,  the  above  accelerating  substances  arc 
all  of  acid  nature,  and  the  apparently  favourable 
effect  of  acid  is  due  not  to  the  acid  per  se,  but 
to  its  neutralising  alkaline  impurities  present, 
Maximum  activity  is  attained  in  neutral  (in  the 
sense  that  water  is  neutral)  solution.  Minute 
traces  of  metallic  impurities  have  an  adverse 
influence.  The  temperature  of  maximum  ac- 
tivity of  diastase  is  about  55°  ; heated  above 
this,  it  begins  to  show  decomposition. 

Estimation  of  diastatic  power.- — Since  it  has 
not  been  obtained  in  a pure  state,  the  absolute 
estimation  of  diastase  is  an  impossibility  ; more- 
over, the  very  great  influence  of  external  con- 
ditions on  diastatic  activity,  to  which  allusion 
has  been  already  made,  makes  it  difficult  to  do 
more  than  compare  the  relative  activities  of  a 
number  of  materials  under  precisely  similar 
conditions.  As  this  is  an  important  operation 
in  brewery  control,  the  methods  of  analysis  have 
been  accurately  laid  down.  The  diastatic  power 
is  often  termed  the  Lintner  value,  and  expressed 
in  degrees  Lintner.  The  standard  is  100° 
when  O'l  c.c.  of  a 5 p.c.  solution  of  malt,  acting 
on  a 2 p.c.  solution  of  soluble  starch  for  1 hour  at 
70°F.,  produces  reducing  sugar  equivalent  to 
5 c.c.  of  Fehling’s  (Barreswil’s)  solution. 
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To  obtain  accurate  results,  great  stress  must 
be  laid  on  the  purity  of  the  distilled  water  and 
soluble  starch  used  : commercial  starches  are 
frequently  alkaline.  All  work  must  be  carried 
out  in  hard-glass  apparatus  (c/.  Ford,  J.  Soc. 
Chem.  Ind.  1904,  23,  8). 

The  method  adopted  by  the  Malt  Analysis 
Committee  of  the  Institute  of  Brewing  (J.  Inst. 
Brewing,  1906)  for  malt,  is  as  follows  : 25 

grams  ground  malt  are  extracted  with  500  c.c. 
of  distilled  water  for  30  hours  at  70°F.  and 
filtered  bright.  3 c.c.  is  allowed  to  act  on 
100  c.c.  of  2 p.c.  soluble  starch  at  70°F.  for 
1 hour.  Diastatic  action  is  then  stopped  by 
the  addition  of  10  c.c.  iV^/lO-sodium  hydroxide, 
and  the  liquid  made  up  to  200  c.c.  Sugar  is 
then  determined  either  volumetrically  or  gravi- 
metrically.  The  results  are  calculated  by  the 
formula 

Diastatic  power=1000/a;y 

where  x=ih.Q  number  of  c.c.  of  malt  extract 
contained  in  100  c.c.  of  the  fully  diluted  starch- 
conversion  liquid,  and  y=the  number  of  c.c. 
of  the  same  liquid  required  to  reduce  5 c.c. 
of  Fehling’s  solution.  When  the  diastatic 
capacity  exceeds  50°^  2 c.c.  or  less  of  malt 
extract  are  taken,  particularly  for  the  malts 
over  80°  used  by  distillers  and  vinegar  makers. 
The  diastatic  power  of  English  brewing  malt 
ranges  between  35°  and  40°,  that  of  green 
malt  from  110°-125°,  showing  that  a large 
proportion  of  the  enzyme  is  destroyed  during 
the  kilning. 

Lintner  tests  solid  preparations  of  the  puri- 
fied enzyme  by  dissolving  0-2  to  0'5  gram  in 
50  c.c.  water  and  adding  to  a series  of  test-tubes, 
each  containing  10  c.c.  of  2 p.c.  soluble  starch 
solution,  Od,  0*2,  &c.,  up  to  1 c.c.  of  the  enzyme 
solution.  After  an  hour,  each  tube  is  boiled  in 
the  water-bath  with  5 c.c.  of  Fehling’s  solution, 
and  that  determined  in  which  the  copper  solu- 
tion is  just  completely  reduced.  A second 
series  enables  this  point  to  be  ascertained  with 
greater  accuracy. 

Similar  methods  have  been  based  on  the 
colourations  with  iodine,  shown  by  starch  and 
dextrin  solutions.  Wohlgemuth  sets  increasing 
quantities  of  enzyme  in  a series  of  tubes  with 
5 c.c.  of  a 1 p.c.  starch  solution  under  precisely 
similar  conditions.  After  30  to  60  minutes  at 
40°,  the  tubes  are  cooled  in  ice  and  a drop  of 
iV/lO  iodine  solution  added.  Colours  varying 
from  dark-blue,  blue-violet,  reddish-yellow,  and 
yellow  are  obtained.  Wohlgemuth  selects  the 
tube  in  which  the  violet  shows  as  indicating 
complete  conversion  to  dextrin. 

Diastase,  like  other  enzymes  which  act  on 
carbohydrates,  is  much  affected  by  the  products 
of  its  activity  with  which  it  forms  adsorption 
compounds — hence  the  peculiarities  exhibited 
in  a starch  conversion.  Provided  that  the 
temperature  and  other  conditions  selected  are 
such  that  the  enzyme  is  not  destroyed,  the 
diastase  recovered  at  the  end  of  a reaction  is 
just  as  active  towards  a second  quantity  of 
starch  as  an  equal  portion  of  fresh  enzyme. 
Diastase  is  thus  a true  catalyst  (cf.  Van  Laer, 
Bull  Soc.  chim.  Belg.  1912,  26,  223). 

Uses. — Diastase  plays  a most  important  part 
in  the  brewing,  distilling,  and  baking  industries. 
Malt  extracts,  concentrated  in  vacuS  at  a low 


temperature  to  viscid  syrups,  are  largely  used 
by  bread  bakers  and  in  some  food  preparations. 
Considerable  quantities  of  such  active  prepara- 
tions, made  from  malts  of  high  diastatic  power, 
also  find  employment  in  laundries  for  the 
purpose  of  removing  starch  from  stiff  collars, 
shirts,  &c.  (/See  aZso  articles  Starch;  Fermenta- 
tion; Hydrolysis.)  E.  F.  A. 

DIATOMITE  {Diatomaceous  Earth,  Infusorial 
Earth,  Tripolite  or  Tripoli ; Ger.  Kieselguhr, 
BergmeM).  A form  of  opaline  silica  consisting 
of  the  siliceous  remains  of  diatoms  (Diatomacese). 
These  are  unicellular,  free -swimming  plants 
belonging  to  the  large  group  of  Algse.  The 
ceU-wall,  or  frustule,  of  each  minute  individual 
consists  of  two  shields  or  valves  of  siliceous 
material  with  elaborate  and  beautiful  ornamen- 
tation. More  than  10,000  species  of  diatoms 
have  been  described ; they  vary  considerably 
in  form — fusiform,  elliptical,  discoidal,  globular, 
and  acicular.  Material  composed  of  individuals 
of  the  acicular  form,  the  length  of  which  varies 
from  0.093  to  0.156  mm.  and  the  thickness 
0-00156-0 '00468  mm.,  is  best  suited  for  technical 
purposes.  Diatoms  multiply  extremely  rapidly 
and  inhabit  both  fresh  and  salt  water,  being 
more  abundant  in  cold  latitudes.  On  death, 
their  remains  accumulate,  under  certain  con- 
ditions, at  the  bottom  of  swamps,  lakes,  or  the 
open  ocean.  Besides  being  formed  at  the 
present  day,  such  deposits  are  also  met  with  in 
strata  of  Pleistocene  and  Tertiary  age. 

Diatomite  is  a loose,  pulverulent  material 
with  a mealy  or  earthy  texture,  resembling  soft 
chalk  or  dried  clay  in  appearance.  It  is  friable 
between  the  fingers  with  a harsh  feel,  and 
grates  between  the  teeth.  In  colour  it  is  white, 
grey,  yellowish,  bro-wnish,  or  greenish.  It  is 
very  light,  floating  on  water ; sp.gr.  of  air- 
dried  material  0-24  and  of  calcined  0-34.  Its 
high  degree  of  porosity  depends  on  the  fact 
that  the  shells  of  the  diatoms  are  hollow.  Good 
material  absorbs  four  or  five  times  its  weight 
of  water.  Further,  it  is  a bad  conductor  of 
heat,  electricity,  and  sound,  and  is  resistant 
to  heat  and  most  chemicals.  Of  acids,  only 
hydrofluoric  attacks  it,  but  it  is  slowly  dissolved 
by  a hot  solution  of  caustic  alkali.  Chemicalty 
it  consists  of  hydrated  silica,  mixed  with  various 
impurities,  such  as  sand,  hydroxides  of  iron, 
clayey,  calcareous,  and  organic  matter.  70-90 
p.c.  of  SiOg  may  be  present^. 

Analysis  I,  is  of  white  material  (dried  at 
105°)  from  Auxillac,  Cantal,  Auvergne ; II,  of 
green  material  from  Auxillac ; III,  from  Loch 
Cuithir  (or  Quire),  Skye,  Scotland ; IV,  from 
Richmond,  Virginia ; and  V,  of  Tripolite  from 
Bilin,  Bohemia  (including  also  SO3  0-12,  P2O5 


0-24,  NH4 

0-03). 

I. 

II. 

III. 

IV. 

V. 

SiOg  . 

91*61 

88*56 

88*73 

75-86 

74*20 

TiOg  . 

0*10 

0-18 

— 

— 

— 

AlgOg  . 

1*53 

2-16 

— 

9'88\ 

6*81 

Fe-gOg  . 

2-22 

0-73 

0-67 

2-92/ 

CaO  . 

0-18 

0-26 

0-04 

0-29 

0-41 

MgO 

0*29 

0-02 

— j 

— 

KgO  . 

trace 

0-47 

— \ 

1-63 

0-02 

NagO  . 

trace 

0-44 

— ) 

0-30 

H,.0  . 

2-33 

3*01 

6-40 

8-37 

13-30 

Organic  'i 

1-74 

4*17 

4*15 

4-20 

matter/ 
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Tripolite  (Ger.  Tripel,  Polierschiefer= polish- 
ing shale)  differs  from  diatomite  in  being  more 
compact  with  a laminated  structure  and  conse- 
quently less  light  (sp.gr.  1-86)  and  porous.  It 
merely  represents  the  same  material  of  a greater 
geological  (Tertiary)  age. 

-p  The  most  extensively  worked  deposits  of 
typical  diatomite  (Kieselguhr)  are  those  on  the 
Liineburger-Heide  (heath)  in  Hanover.  Here 
beds  with  a thickness  of  10-15  metres  occur  in 
basins  in  Pleistocene  sands.  The  uppermost 
layers  are  white,  below  they  are  grey,  and  at 
the  bottom  of  the  deposit  green.  The  green 
material  contains  from  15  to  30  p.c.  of  organic 
matter,  sufficient  for  calcination  without 
addition  of  fuel.  A bed  of  5-7  metres  covered 
by  Tertiary  clay  and  basalt  is  worked  at  Vogels - 
berg  near  Altenschlirf  in  Hesse.  Similar  deposits 
of  recent  to  Miocene  age  are  also  widely  distri- 
buted in  the  volcanic  region  of  central  France  (De- 
partments of  Cantal  and  Puy-de-D6me).  Here 
the  material  is  known  as  randannite  and  ceyssatiie, 
from  Randanne  and  Ceyssat  respectively ; and 
it  is  worked  commercially  under  the  name 
tell  urine.  (On  the  French  and  German  deposits, 
see  C.  Schmidt,  Ann.  des  Mines,  Paris,  1910, 
xvii.  370.)  Deposits  are  met  with  in  peat-bogs 
at  several  places  in  Scotland,  and  beds  up  to 
40  feet  in  thickness  of  good  quality  material 
are  now  worked  at  Loch  Cuithir  (or  Quire)  in 
the  parish  of  Kilmuir  in  Skye  (W.  I.  Macadam, 
Min.  Mag.  1884,  vi.  87 ; 1886,  vii.  30,  35 ; 

1889,  viii.  135.  Special  Reports  on  the  Mineral 
Resources  of  Great  Britain,  Mem.  Geol.  Survey, 
1916,  vol.  V.).  Similar  deposits  also  occur  in 
Co.  Antrim  (J.  H.  Pollok,  Sci.  Proc.  R.  Dublin 
Soc.  1899,  ix.  33).  Extensive  deposits,  many 
of  them  of  Tertiary  age,  are  of  wide  distribution 
in  the  United  States,  especially  in  California, 
(H.  Ries,  Economic  Geology,  New  York,  1916). 
Other  localities  are  Monte  Amiata  in  Tuscany, 
Victoria,!  Norway,  Denmark,  Hungary,  Algeria. 
Chili,  &c.  The  typical  tripolite  forms  yellowish- 
white  bands  0'5-L5  m.  thick  in  beds  of  clay, 
gypsum,  and  ‘ Saugschiefer  ’ (absorbent shale)  in  a 
Tertiary  basin  near  Bilin  in  Bohemia. 

In  the  preparation  of  the  material  for  the 
market,  that  of  the  purer  white  quality,  after 
being  dug  out  from  open  pits,  is  simply  air 
dried  in  the  open  or  in  sheds.  Organic  matter 
is  removed  by  calcination.  Less  pure  material, 
containing  sand,  &c.,  is  treated  by  washing  and 
sedimentation.  Iron  is  removed  by  the  action 
of  acids. 

The  varied  uses  of  diatomite  depend  on  its 
peculiar  properties  of  porosity,  lightness,  non- 
conductivity, resistance  to  heat  and  acids.  It 
was  used  by  the  Greeks  and  Romans  for  making 
light  fire-proof  tiles  ; and  in  the  middle  ages 
was  mixed  with  meal  for  bread,  under  the 
impression  that  it  had  a medicinal  value.  As 
an  absorbent  it  has  been  much  used  with 
nitroglycerine  for  the  manufacture  of  dynamite. 
The  so-called  dry  sulphuric  acid  is  prepared  by 
saturating  calcined  diatomite  with  three  or  four 
times  its  weight  of  acid.  Such  material  can  be 
transported  with  little  risk.  Diatomite  packed 
around  carboys  of  acid  will  soak  up  leakage  in 
case  the  vessels  become  cracked.  It  has  also 
been  used  as  an  absorbent  of  bromine,  dis- 

‘ Oq  Australian  deposits,  see  Bull.  Imp.  Inst., 
London,  1916,  xiv.  40. 


infectants,  and  liquid  manures.  On  account 
of  its  non-conductive  properties  it  is  used, 
sometimes  with  asbestos,  as  a light  packing 
material  for  boilers,  steam-pipes,  cooking- 
stoves,  safes,  refrigerators  and  refrigerating 
apparatus,  fire-proof  and  sound-proof  floors 
and  partitions  of  buildings,  bulkheads  of  ships, 
&c.  Mixed  with  clay,  lime,  sawdust,  &c.,  it 
can  be  used  in  the  manufacture  of  fire-proof 
bricks  and  tiles  ; and  having  a low  coefficient 
of  expansion  such  material  is  specially  adapted 
for  making  tubes,  models,  &c.  It  is  used  in 
the  manufacture  of  various  cements  and  artificial 
stones.  Mixed  with  magnesia  cement  it  gives 
a fire-proof  cement  for  stoves  ; with  shellac, 
sealing-wax  and  gramophone  records  are  made. 
It  is  also  used  as  a filtering  material  for  liquids 
and  gases ; and  various  liquids  (wine,  beer, 
acids,  oil,  syrups)  can  be  clarified  by  stirring 
with  1 p.c.  of  diatomite  and  allowing  to  settle. 
As  a filler  it  is  employed  in  the  manufacture 
of  rubber,  cotton  fabrics,  paints,  safety  matches, 
paper,  papier-mache,  soap,  scouring-powders, 
tooth-powders,  &c.  Fused  with  calcium  and 
magnesium  borates  it  yields  a non- cracking 
glass  for  glazes  and  enamels,  which  can  also 
be  used  for  painting  on  glass.  As  a source  of 
silica,  it  is  used  in  the  preparation  of  sodium 
silicate,  ultramarine,  smalt,  &c.  Finally,  as 
an  abrasive  {q.v.)  it,  particularly  the  tripolite 
variety,  is  used  for  polishing  metals  and  stoves. 
{Ref.  B.  Dammer  and  0.  Tietze,  Die  Nutzbaren 
Mineralien,  Stuttgart,  1913,  vol.  i ; Diatomaceous 
Earths  (Kieselguhr)  and  their  Utilisation,  Bull. 
Imp.  Inst.  London,  1905,  iii.  88-103.  L.  J.  S. 

DIAZINE  BLACK,  -BLUE,  -GREEN  v.  Azo- 
colouring MATTERS. 

DIAZO-  COMPOUNDS.  These  organic  sub- 
stances, like  the  azo-  compounds,  contain  the 
characteristic  group  — Ng— , but  whereas,  in  the 
latter  series,  this  bivalent  radical  is  invariably 
attached  to  two  carbon  atoms,  C'Ng'C,  in  the 
former  it  is  generally,  although  not  invariably 
combined  with  only  one  carbon  atom,  the  other 
valency  being  satisfied  by  (1)  an  electro -negative 
ion  Ac  in  the  diazonium  salts  C'Ng'Ac ; (2)  an 
oxygen  atom  in  the  diazoTiydroxides  (‘  diazo- 
hydrates  ’)  C’No'OH  and  diazo-oxides  (‘  diazo- 
tates ’)  C’Ng'OR;  (3)  a nitrogen  atom  in 
diazoamines  {diuzoamino-  compounds) 

C-Na'NHR 

and  diazoimines  (azimino-compounds) 

C-Na-NH-C ; 

(4)  a sulphur  atom  in  diazosulpTionates 

C-Na-SOsK 

and  diazosulphides  C'Na'S’Na’C. 

The  diazocyanides  C'Na’CN  contain  the  azo- 
group attached  to  two  carbon  atoms,  one  of  which 
belongs  to  a cyanogen  group,  and  these  com- 
pounds which,  in  general,  are  distinctly  coloured, 
form  an  intermediate  group  between  the  fore- 
going diazo-  derivatives  and  the  azo-  compounds. 

Certain  aliphatic  diazo-  compounds  {v.  infra) 
contain  the  group  — Ng—  attached  by  two 
active  valencies  to  the  same  carbon  atom. 

I.  Diazonium  Salts. 

These  diazo-  derivatives  are  generally,  but 
not  exclusively,  prepared  from  aromatic  amines, 
and  the  process,  which  is  termed  diazotisation,  is 
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carried  out  with  the  undissociated  salt  of  the 
amine,  and  not  with  the  free  base.  In  a hydro- 
lysing solvent  like  water,  it  is  therefore  custo- 
mary to  diazotise  aniline  and  its  derivatives 
with  sodium  nitrite  (1  molecule)  and  excess 
(2^  to  3 equivalents)  of  mineral  acid. 

Aromatic  Diazonitjm  Salts. 

The  diazotisation  of  the  benzenoid  and 
naphthalenoid  amines  is  frequently  carried  out 
on  a manufacturing  scale  owing  to  the  employ- 
ment of  aromatic  diazonium  salts  in  the  pro- 
duction of  azo-  colouring  matters.  More  than 
1000  tons  of  para-nitraniline  are  diazotised 
annually  in  the  production  of  ‘ para-nitraniline 
red.’ 

The  aromatic  base  is  dissolved  in  dilute 
hydrochloric  or  sulphuric  acid  (3  equivalents  in 
10-20  p.c.  aqueous  solution)  and  the  solution 
treated  with  an  equivalent  quantity  (1  molecule) 
of  sodium  nitrite  in  10-20  p.c.  solution.  The 
diazotisation  is  completed  when  the  liquid  con- 
tains a slight  excess  of  nitrous  acid  as  indicated 
by  starch  and  iodide  paper. 

With  aniline  and  its  homologues,  the  tern- 
perature  of  the  diazo-  solution  is  generally 
maintained  at  0°-5°  to  prevent,  so  far  as  possible, 
the  decomposition  of  the  unstable  diazonium 
salt,  but  in  other  cases,  e.g.  the  nitranilines, 
naphthylamines,  benzidine,  and  other  diphenyl 
bases,  the  diazotisation  is  carried  out  most 
readily  at  10°.  The  amino  anthraquinones 
are  diazotised  at  30°-40°  (Schaarschmidt,  Ber. 
1916,  49,  2678). 

In  the  manufacture  of  soluble  azo-  dyes,  the 
diazonium  salts  are  generally  employed  in 
aqueous  solution,  but  solid  diazo-  compounds,  in 
dry  or  paste  form,  have  been  introduced  to 
enable  dyers  to  prepare  ‘ ingrain  ’ azo-  colours 
which  are  developed  on  the  textile  fibres  {v.  Eng. 
Pat.  18429,  21227,  1894;  8989,  11757,  1895; 
1645,  1896;  15353,  1897;  D.  B.  PP.  85387, 
88949,  94280,  1894 ; 89437,  1896). 

In  alcoholic  or  acetic  acid  solution,  diazotisa- 
tion can  be  effected  on  the  salt  of  the  amine 
without  using  an  excess  of  acid,  and  ethyl  or 
amyl  nitrite  may,  with  advantage,  be  substituted 
for  sodium  nitrite.  Gaseous  methyl  nitrite, 
which  has  been  employed  in  certain  diazotisa- 
tion (Chem.  Soc.  Trans.  1913,  103,  1398),  is 
very  readily  prepared  and  is  a cleaner  reagent 
than  amyl  nitrite. 

Benzenediazonium  chloride  GgH^-NaCl,  the 
simplest  example  of  an  aromatic  diazonium  salt, 
is  prepared  by  adding  the  calculated  quantity 
of  amyl  nitrite  to  aniline  hydrochloride  sus- 
pended in  glacial  acetic  acid  at  10°  ; it  is  pre- 
cipitated from  the  clear  solution  thus  obtained 
by  the  addition  of  ether. 

Benzenediazonium  sulphate  CgH-  Ng -11804 
is  prepared  in  a similar  manner  from  aniline 
sulphate  suspended  in  glacial  acetic  acid,  the 
precipitation  being  effected  with  alcohol  and 
ether. 

Benzenediazonium  nitrate  CgHj^Na-NOg, 
which  was  first  precipitated  from  aqueous  solu- 
tion by  ether  and  alcohol  (Griess,  Annalen,  1866, 
137,  39),  can  also  be  produced  in  alcoholic  or 
glacial  acetic  acid  solution  (Knoevenagel,  Ber. 
1890,  23,  2995  ; Bamberger,  ihid.  1896,  29,  446  ; 
Hirsch,  ihid,  1897,  30,  92  ; Hantzsch  and  Jo- 
chem,  ihid.  1901,  34  3337). 


Diazonium  salts  have  been  obtained  with  a 
large  variety  of  anions  : platinichlorides,  aurichlo- 
rides,  stannichlorides,  Jerricyanides,  nitroprussiates 
(Ber.  1879,  12,  2119,  1885,  18,  965),  chromates 
(Jahresberichte,  1867,  915  ; Chem.  Soc.  Trans. 
1905  87,  1),  carbonates  and  nitrites  {ihid,  1905, 
87,  ^2\),  fluorides  (Ber.  1903,  36,  2059),  perchlo- 
rates {ihid.  1906,  39,  2713,  3146),  picrates  (Chem. 
Soc.  Trans.  1907,  91,  1316),  azides  {ihid.  1910, 
97,  1697 ; Ber.  1903,  36,  2056),  thiosulphates, 
tungstates  (J.  Soc.  Dyers,  1901,  17,  279),  thio- 
acetates  (Monatsh.  1907,  28,247),  horofluorides 
(D.  R.  P.  281055),  phospho -molybdates  and  tung- 
states (Chem.  Soc.  Trans.  1909,  95,  1319),  aryl- 
sulphinates  (Ber.  1911,  44,  1415),  zincichlorides. 
Rev.  Gen.  Mat.  Col.  1914,  18,  4 ; ^-naphthol-l- 
sulphonates,  Eng.  Pat.  8989,  11757  of  1895; 
D.  R.  P.  93305. 

All  diazonium  salts  are  liable  to  explode  in 
the  dry  state,  for  they  are  endothermic  com- 
pounds (Berthelot  and  Vieflle,  Compt.  rend. 
1881,  92,  1076  ; Sventoslavsky,  Ber.  1910,  43, 
1-479)  and  in  some  cases  the  explosion  point  has 
been  determined  (Ber.  1899,  32,  1691  ; 1900,  33, 
527).  The  diazonium  chromates  and  per- 
chlorates decompose  with  considerable  violence, 
so  that  the  former  have  been  suggested  as 
explosives  (Bull.  Soc.  chim.  1867,  [2]  7,  270  ; 
Fr.  Pat.  73286). 

Bisdiazonium  salts  {Tetrazo-  salts).  These 
compounds  are  produced  from  aromatic  di- 
amines which  do  not  contain  their  amino- 
groups  in  ortho-  or  peri-  positions  {v.  Cyclic 
diazo-  compounds). 

When  the  two  amino-  groups  are  in  the  same 
aromatic  nucleus,  complete  diazotisation  is 
effected  only  with  some  difficulty.  Meta- 
phenylenediamine  hydrochloride  and  sodium 
nitrite  furnish  the  azo-  colouring  matters 
included  under  the  term  ‘ Bismarck  brown  ’ 
(Ber.  1897,  30,  2111,  2899  ; 1900,  33,  2116),  but 
when  a solution  of  the  base  in  excess  of  hydro- 
chloric acid  is  added  quickly  to  a large  excess  of 
well-cooled  aqueous  nitrous  acid,  complete  diazo- 
tisation takes  place  and  henzene-m -bisdiazonium 
chloride  C8H4[N2-C1]2  is  produced.  When  the 
nitrite  is  added  suddenly  to  the  diamine  hydro- 
chloride, nitroso-m-phenylenediamine  results. 
Para-phenylenediamine  hydrochloride,  when  di- 
azotised in  the  usual  way,  gives  a mixture  of 
diazonium  and  bisdiazonium  chlorides,  but  when 
the  hydrochloride  is  added  to  excess  of  nitrous 
acid,  henzene-p-hisdiazonium  chloride  is  obtained. 

In  the  naphthalene  series,  l:4-naphthylene- 
diamine  is  diazotised  with  difficulty,  owing  to  its 
oxidisability,  but  in  producing  its  azo-  deriva- 
tives, this  difficulty  is  surmounted  by  working 
with  its  rnmnoacyl-  derivatives  and  diazotising 
in  two  stages  with  an  intervening  hydrolysis 
(Eng.  Pat.  18783,  1891).  The  heteronucleal 
naphthylenediamines,  excepting  the  1:8-  com- 
pound, can  be  completely  diazotised,  yielding 
naphthalenehisdiazonium  salts  (Ewer  and  Pick, 
D.  R.  PP.  45549,  45788  ; Badische  Anilin  und 
Soda  Eabrik.  D.  R.  P.  130475  ; Morgan  and 
Micklethwait,  Chem.  Soc.  Trans.  1910,  97,  2558). 
Benzidine,  tolidine,  dianisidine,  and  other 
similar  heteronuclear  diamines  of  the  diphenyl 
and  ditolyl  series  are  readily  diazotised,  furnish- 
ing bisdiazonium  salts  {e.g.  diphenylbisdiazonium 
chloride  Cl-N2-C,5H4-CeH4-N2-Cl),  which  are  em- 
ployed in  the  manufacture  of  substantive 


508 


DIAZO-  COMPOUNDS. 


azo-  dyes  (v.  Congo  red  and  Benzopurpurin  ; art. 
Azo-  COLOURING  MATTERS).  There  are  certain  sub- 
stituted para-diamines  in  the  benzene  diphenyl 
and  naphthalene  series  which  have  hitherto 
resisted  all  attempts  at  complete  diazotisation 
(Ber.  1884,  17,  603  ; 1896,  29,  2285  ; 1905,  38, 
3769  ; Eng.  Pat.  2946  of  1896). 

VELOCITY  OF  DIAZOTISATION. 

Under  the  usual  experimental  conditions, 
diazotisation  proceeds  with  great  rapidity,  but 
in  N/1000  solutions,  the  velocity  of  this  reaction 
has  been  determined  by  a colorimetric  method 
for  estimating  the  free  nitrous  acid.  The  re- 
action is  of  the  second  order,  and  the  values  of 

the  constant  C= r are  0'036  for  aniline, 

t{a—x) 

0’038  for  p-toluidine,  and  0'041  for  m-xylidine, 
with  one  molecular  proportion  of  free  acid  at 
0°.  At  higher  temperatures,  the  rate  is  in- 
creased (Hantzsch  and  Schumann,  Ber.  1899,  32, 
1691  ; 1900,  33,  527  ; Tassilly,  Compt.  rend. 
1913,  157,  1148;  1914,  158,  335,  489).  Both 
colorimetric  and  electrolytic  determinations  of 
the  velocity  of  diazotisation  show  that,  in  the 
absence  of  disturbing  influences,  all  the  aromatic 
amines  are  diazotised  at  the  same  rate. 

ALTERNATIVE  METHODS  OF  PRODUCING  ARO- 
MATIC DIAZONIUM  SALTS. 

Nitrosyl  chloride  or  bromide  has  been  suggested 
as  a diazotising  agent  (Tilden  and  Millar,  Chem. 
Soc.  Proc.  1894,  59  ; Kastle  and  Reiser,  Amer. 
Chem.  J.  1895,  17,  91).  Nitrosyl  sulphate  has 
been  used  with  advantage  (Pabst  and  Girard, 
D.  B.  P.  6034;  Ber.  1879,  12,  365;  Morgan 
and  Micklethwait,  Chem.  Soc.  Trans.  1910, 
97,  2558).  This  reagent  or  sodium  nitrite 
dissolved  in  concentrated  sulphuric  acid  is 
employed  in  diazotising  slightly  basic  amines 
(Morgan  and  Evens,  Chem.  Soc.  Trans.  1919, 
116,  1130  ; c/.  J.  pr.  Chem  1906,  [ii.]  74,  275). 
Barium  nitrite,  when  employed  in  conjunction 
with  sulphuric  acid,  furnishes  diazo-  solutions 
free  from  inorganic  salts  (Witt,  Ber.  1903,  36, 
4388).  The  last-named  investigator  has  brought 
forward  an  interesting  process  which  consists  in 
dissolving  the  base  in  cold  concentrated  nitric  acid 
and  adding  the  calculated  amount  of  potassium 
metabisulphite  required  to  produce  sufficient  ni- 
trous acid  for  the  diazotisation  (Ber.  1909,  42, 
2953). 

Diazonium  bromides  are  formed  by  the  inter- 
action of  hydrazines  and  diazonium  perbromides 

2R  -NgBra + RN2H3 =3R  -N.,  ‘Br -h  3HBr 

(Chattaway,  Chem.  Soc.  Trans.  1908,  93,  958). 
An  electrolytic  process  for  the  production  of 
diazonium  salts  has  been  patented  (Boehringer 
& Sons,  D.  R.  P.  152926,  and  Eng.  Pat.  2608 
of  1904). 

Diazonium  salts  can  also  be  prepared  from 
compounds  not  containing  amino-  groups  ; 
mercury  diphenyl  and  nitrous  fumes  give 
benzenediazonium  nitrate  (Ber.  1897,  30,  509), 
and  the  same  salt  is  produced  from  nitroso- 
benzene  and  nitric  oxide  in  chloroform  solution 
{ibid.  1898,  31,  1528).  Fuming  nitric  acid 
reverses  the  coupling  process  and  regenerates 
the  diazonium  salt  from  its  azo-  derivatives 
(Meldola,  Chem.  Soc.  Trans.  1889,  55,  608  ; 1894, 
65,  841  ; and  O.  Schmidt,  Ber.  1905,  38,  3201). 


Diazonium  chlorides  are  regenerated  from 
azo- dyes  by  decomposing  the  latter  with 
chlorine  or  hypochlorous  acid  (J.  pr.  Chem. 
1912,  [ii.]  85,  235. 

Certain  complex  or  highly  substituted  amines 
resist  diazotisation  unless  treated  under  pressure 
(D.  R.  P.  143450)  or  with  excess  of  nitrous  and 
mineral  acids  (Annalen,  1873,  165,  187  ; 1891, 
260,  224  ; Ber.  1900,  33,  520). 

(For  indirect  methods  of  forming  diazonium 
salts,  V.  Annalen,  1879,  199,  320 ; 1888,  243, 
282  ; 1892,  270,  116  ; Ber.  1893,  26,  2190  ; 1899, 
32,  1809  ; 1900,  33,  1718  ; J.  pr.  Chem.  1896, 
[ii.]  54,  496  ; Gazz.  chim.  ital.  1900,  30,  1526  ; 
Bull.  Soc.  chim.  1891,  [iii.]  6,  94.) 

Reactions  of  Aromatic  Diazonium  Salts. 

In  addition  to  their  power  of  coupling  witlr 
phenols,  aromatic  amines,  and  their  sulphonic 
acids  to  form  the  technically  important  azo- 
colouring matters,  the  diazonium  salts  are 
synthetical  agents  of  the  greatest  value,  and  the 
following  is  a synopsis  of  the  principal  reactions 
in  which  they  take  part : — 

1.  Decomposition  of  Diazonium  Salts  by 
Water. 

(G/.  Ber.  1874,  7,  1061  ; 1894,  17,  2704 ; 
1899,  32,  1773  ; 1890,  23,  3635  ; 1902,  35,  89  ; 
J.  pr.  Chem.  1881,  [ii.]  24,  476  ; Chem.  Soc.  Trans. 
1902,  81,  77  ; 1903,  83,  688;  1905,  87,  5 ; 1906, 
89,  19.) 

The  decomposition  of  soluble  diazonium  salts 
by  water  is  a unimolecular  reaction,  and  is  re- 
presented by  the  well-known  equation  : 


The  relative  stability  of  the  diazonium  salts 
is  ascertained  by  comparing  the  values  of  the 
constant  C for  a given  temperature.  The  most 
successful  method  of  making  this  determination 
consists  in  heating  solutions  of  the  diazo-  com- 
pounds at  a fixed  temperature,  and  measuring 
the  rate  at  which  nitrogen  is  evolved.  A con- 
venient apparatus,  which  can  be  used  in  this 
determination  and  also  for  studying  the  decom- 
position of  diazo-  compounds  in  general,  is 
indicated  in  the  following  figure. 


These  quantitative  decompositions  show 
that  the  diazonium  salts  from  aniline  and  ortho- 
and  meta-toluidine  are  among  the  least  stable 
of  the  series,  whereas  considerably  greater 
stability  is  exhibited  by  the  diazotised  nitrani- 
lines  and  the  diazonium  sulphonates  derived 
from  the  benzenoid  and  naphthalenoid  amine- 
sulphonic  acids. 
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The  rate  of  decomposition  of  diazo-  com- 
pounds increases  with  the  temperature  and  in 
accordance  with  Arrhenius’s  formula  for  the 
temperature  coefficient 

aj=Cfoe^^^i“'^o)/TiTo 

The  rate  of  decomposition  is  independent  of 
the  quantity  of  mineral  acid  present,  and  equiva- 
lent solutions  of  benzene^azonium  chloride, 
bromide,  sulphate,  nitrate,  and  oxalate  decom- 
pose with  the  same  velocity ; this  change  is, 
however,  accelerated  by  colloidal  platinum  or 
silver,  owing  to  catalytic  action  (Hantzsch,  Ber. 
1900,  33,  2517  ; Hausser  and  Muller,  Bull.  Soc. 
chim.  1892,  riii.]  7,  721  ; 1893,  9,  353  ; Compt. 
rend.  1892,  il4,  549,  669,  760,  1438  ; Schwalbe, 
Zeitsch.  Farb.  Ind.  1905,  4,  433  ; Ber.  1905,  38, 
2196,  3071  ; 1909,  42,  196;  Cain,  Chem.  Soc. 
Trans.  1902,  81,  1412  ; 1903,  83,  206,  470  ; 1905, 
38,  2511  ; Euler,  Annalen,  1902,  325,  292  ; Veley 
and  Cain,  Trans.  Faraday  Soc.  1909,  5,  1). 

In  general,  the  decomposition  of  a diazonium 
salt  by  water  leads  to  the  formation  of  a phenol 

II'N2-HS04+H20=B-0H+H2S04+N2 

The  sulphate  is  the  best  salt  to  employ  in 
this  reaction,  because  the  chloride  and  nitrate 
are  apt  to  lead  respectively  to  alternative  or 
secondary  changes.  Benzenediazonium  sul- 
phate and  its  homologues  furnish  phenol  and 
the  cresols  and  xylenols ; diphenyl-4 :4'-bis- 
diazonium  sulphate  gives  rise  to  4:4''-dihydroxy- 
diphenyl.  Aurin  is  similarly  obtained  from 
diazotised  rosandine  (Annalen,  1878,  194,  306). 

In  certain  cases,  more  especially  in  the 
naphthalene  series,  the  product  is  contaminated 
by  azo-  compounds,  resulting  from  the  coupling 
of  the  hydroxy-  derivative  with  a portion  of  the 
still  undecomposed  diazonium  salt  (Chem.  Soc. 
Trans.  1903,  83,  221).  To  obviate  this  difficulty, 
so  far  as  possible,  excess  of  acid  is  used  in  the 
decomposition.  The  manufacture  of  the  a- 
naphtholsulphonic  acids  {e.g.  0H:S03lI  = l;4 
and  1 : 8)  from  the  corresponding  a-naphthyl- 
aminesulphonic  acids  furnishes  typical  examples 
of  the  technical  application  of  the  process. 

Secondary  reactions  occur  even  in  the  sim- 
plest cases  (Ber.  1890,  23*  3705),  and  in  many 
instances,  where  the  boiling  is  protracted  owing 
to  the  great  stability  of  the  diazo-  compound, 
not  a trace  of  the  hydroxy-  derivative  can  be 
isolated  (Amer.  Chem.  J.  1889,  11,  319;  Cain, 
Chem.  Soc.  Trans.  1903,  83,  688).  When  the 
phenolic  product  is  volatile  in  steam,  the  normal 
change  is  facilitated  by  operating  with  solutions 
boiling  above  100°.  A good  yield  of  guaiacol  is 
obtained  by  adding  the  diazo-  salt  of  ortho- 
anisidine  to  a mixture  of  sodium  sulphate  and 
dilute  sulphuric  acid  boiling  at  135°-145°,  the 
volatile  product  being  removed  at  the  moment 
of  formation  (Kalle  & Co.,  Eng.  Pat.  7233 
of  1897  ; cf.  Annalen,  1889,  253,  281  ; Ber.  1874, 
7,  1008;  b.  R.  P.  167211;  Chem.  Soc.  Trans. 
1906,  87,  19;  cf.  Willstatter  and  Schudel,  Ber. 
1918,  51,  782. 

(For  other  exceptional  decompositions  of 
diazo-  compounds,  v.  Ber.  1874,  7,  1061  ; 1884, 
17,  2704  ; 1899,  32,  1773  ; 1902,  35,  89  ; Chem. 
Soc.  Trans.  1896,  69,  1327  ; 1902,  81,  77,  1905  ; 
87,  5 ; 1906,  89,  19). 

The  diazo-  compounds  are  very  sensitive  to 
light,  which  induces  the  phenolic  decomposition 


even  in  certain  cases  where  the  action  of  hot 
water  or  acids  is  very  slight  (Chem.  Soc.  Trans. 
1907,  91,  35 ; cf.  Compt.  rend.  1881,  92,  1074  ; 
Ber.  1890,  23,  3131  ; 1901,  34,  1668 ; D.  B.  PP. 
53455,  56606  ; J.  Soc.  Chem.  Ind.  1890,  9,  1001). 

2.  Decomposition  of  Diazonium  Salts  by 
Alcohols. 

The  reaction  between  diazonium  salts  and 
alcohols  may  proceed  in  two  different  ways  : 

1 . R'N2-X+C2H5*0H=R-H+C2H40-f N2+HX 

2.  R-N2-X+C2H50H=R*0-C2H5+N2+HX 
The  former  of  these  changes  was  originally  re- 
garded as  the  general  reaction,  but  more  recent 
researches  have  shown  that  the  second  is  the 
normal  change.  The  factors  determining  the 
course  of  the  reaction  are,  however,  numerous 
and  complicated,  involving  ( 1 ) the  nature  of  the 
alcohol ; (2)  the  influence  of  substituents  in  the 
diazonium  salt ; (3)  the  pressure  and  temperature 
at  which  the  decomposition  is  affected. 

The  tendency  to  replace  the  diazo-  group  by 
hydrogen  increases  with  the  molecular  weight  of 
the  alcohol  employed.  Benzenediazonium  chlor- 
ide or  sulphate  and  methyl  alcohol  give  anisole 
exclusively.  With  ethyl  alcohol,  these  salts 
yield  chiefly  phenetole,  but  benzene  is  also  pro- 
duced. The  diazonium  sulphates  from  p-chloro- 
and  p-bromo-aniline  furmsh  only  p-chloro-  and 
p-bromo-benzene  with  ethyl  alcohol,  but  with 
methyl  alcohol  they  give  rise  mainly  to  the 
methyl  ethers  of  p-chloro-  and  p-bromo-phenol 
(Amer.  Chem.  J.  1898,  20,  229 ; cf.  Annalen, 
1871,  159,  191  ; Ber.  1901,  34,  3337  ; 1903,  36, 
2061  ; Amer.  Chem.  J.  1893,  15,  518  ; 1897,  19, 
531,  547,  561). 

The  diazo-  salts  of  the  simpler  amines 
(aniline  and  its  homologues)  react  chiefly  in  the 
direction  indicated  by  the  second  of  the  fore- 
going equations,  and  yield  mixed  ethers,  but  the 
presence  of  acid  substituents 

(Cl,  Br,  NO2,  CO2H,  NH  SOgR) 
favours  the  predominance  of  the  first  change. 
The  nitranilines  (ortho-,  meta-,  and  para-)  give 
respectively  87,  51,  and  40  p.c.  of  nitrobenzene 
the  1 : 2-,  2 : 1-,  and  1 : 4-nitronaphthylamines 
furnish  the  corresponding  nitronaphthalenes, 
whereas  a-  and  naphthylamines  yield  a-  and 
/8-ethoxynaphthalenes  (Remsen  and  others,  Ber. 
1885,  18,  65;  Amer.  Chem.  J.  1886,  8,  243  ; 
1887,  9,  587  ; 1891,  13,  153  ; 1892,  14,  15). 

The  yield  of  alkyl  ether  increases  with  rise 
of  pressure,  but  the  addition  of  zinc-dust  or  an 
alkali  (sodium  hydroxide  or  ethoxide,  potassium 
carbonate)  inhibits  almost  entirely  the  forma- 
tion of  mixed  ether  and  leads  to  the  substitution 
of  the  diazo-  group  by  hydrogen  (Amer.  Chem.  J. 
1893,  15,  105,  301,  320,  379;  1894,  16,  235; 
1895,  17,  454  ; 1897,  19,  163,  531  ; 1898,  20, 
298  ; 1904,  31,  119). 

3.  Replacement  of  the  Diazo-  Group  by 
Hydrogen. 

In  addition  to  the  action  of  alcohol,  the 
diazo-  group  can  be  eliminated  by  the  use  of  a 
variety  of  reducing  agents  : — 

(i.)  The  diazonium  salt  is  reduced  to  the  corre- 
sponding hydrazine  and  the  hydrazine-  group 
NH’NH2  removed  by  boiling  with  copper  sulphate 
(Baeyer  and  Pfitzinger,  Ber.  1885,  18,  90,  786). 

(ii.)  Reduction  of  the  diazo-  compound  with 
alkaline  sodium  stannite  (Friedlander,  Ber.  1889, 
22,  587). 
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(iii ) By  various  other  reducing  agents, 
stannous  formate  (Eer.  1885,  18,  357  ; J.  pr, 
Ohem.  1889,  [ii.]  40,  97),  liy'po'phos'phorous  acid 
(Ber.  1902,  35,  162),  sodium  hy'posul'phite  {ibid.. 
1907,  40,  858),  formic  acid  and  copper  poivder 
{ibid.  1890,  23,  1632),  aluminium  powder  in 
alcohol  (Morgan  and  Evens,  l.c.). 

4.  Replacement  of  the  Diazo-  Group  by 
Halogen,  Cyanide,  Cyanate,  and  Thiocyanate 
Radicals. 

Fluorine  may  be  introduced  into  the 
aromatic  nucleus  in  place  of  the  diazo-  group 
by  treating  the  diazonium  salt  with  hydro- 
fluoric acid.  Diazoamino-  compounds  {v.  infra) 
are  also  employed  in  bringing  about  this  re- 
placement, and  when  treated  with  concentrated 
hydrofluoric  acid  they  yield  the  corresponding 
fluoro-  derivative ; fluorobenzene  is  thus  pro- 
duced from  diazoaminobenzene  or  diazobenzene- 
niperidide  (J.  pr.  Chem.  1870,  [ii.]  1,  395  ; Ber. 
1875,  8,  893  ; 1879,  12,  581  ; 1889,  22,  1846). 

The  first  really  successful  process  for  re- 
placing the  diazo-  group  by  chlorine  (or  bromine) 
was  discovered  by  Sandmeyer ; it  consists  in 
adding  the  diazotised  solution  to  cuprous 
chloride  (or  bromide)  dissolved  in  warm  hydro- 
chloric (or  hydrobromic)  acid,  when  nitrogen  is 
evolved  and  the  corresponding  chloro-  or  bromo- 
derivative  is  produced  (Ber.  1884,  17,  1633, 
2650;  1885,  18,  1492,  1496  ; 1886,  19,  810; 
1890,  23,  1628,  1880;  Annalen,  1893,  273, 
141). 

The  first  stage  in  the  Sandmeyer  reaction  is 
considered  to  be  the  formation  of  an  additive 
compound  of  diazonium  salt  and  cuprous 
chloride ; the  decomposition  of  this  inter- 
mediate product  proceeds  readily  only  above  a 
certain  temperature,  which  is  different  for  each 
diazonium  salt  (Erdmann,  Annalen,  1893,  272, 
141  ; cf.  Votocek,  Chem.  Zeit.  Rep.  1896,  20, 
70 ; Hantzsch  and  Blagden,  Ber.  1900,  33, 
2544).  The  substitution  of  bromine  for  diazo- 
nitrogen follows  a similar  course  (Phil.  Trans. 
1864,  154,  673  ; Annalen,  1866,  137,  49  ; Amer. 
Chem.  J.  1891,  13,  486  ; Gazz.  chim.  ital.  1890, 
20,  631). 

The  foregoing  substitutions  are  also  effected 
by  the  addition  to  solutions  of  diazonium 
chlorides  or  bromides  of  finely  divided  copper 
or  the  copper  bronze  of  commerce  (Gattermann, 
Ber.  1890,  23,  1218  ; 1892,  25,  1074  ; Ullmann, 
ibid.  1896,  29,  1878  ; cf.  Angeli,  ibid.  1891,  24, 
952). 

Iodine  is  readily  substituted  for  the  diazo- 
complex by  treating  the  acid  diazo-  solutions 
with  potassium  iodide  even  in  the  absence  of 
copper  or  cuprous  salts. 

The  Sandmeyer  reaction  includes  the  im- 
portant synthetical  operation  of  replacing  the 
diazo-  group  by  a cyanide  radical,  the  diazo- 
nium salt  being  added  to  a warm  solution  of 
potassium  cuprocyanide.  The  Gattermann  pro- 
cess is  also  applicable  to  this  synthesis,  the 
addition  of  copper  powder  to  a mixture  of 
diazonium  salt  and  potassium  cyanide  inducing 
a similar  replacement  (Ber.  1890,  23,  1218). 
The  cyanate  radical  is  introduced  in  the  place 
of  the  diazo-  group  by  adding  successively  to  a 
solution  of  diazonium  salt,  potassium,  cyanate, 
and  copper  powder  (Ber.  1890,  23,  1220  ; 1892, 
25,  1086).  The  thiocyanate  group  is  introduced 
by  adding  potassium  thiocyanate  and  cuprous 


thiocyanate  to  a solution  of  diazonium  sulphate 
{ibid.  1890,  23,  738,  770). 

5.  Replacement  of  the  Diazo-  Group  by  Sul- 
phur and  Sulphur- containing  Radicals. 

These  reactions  are  of  importance  as  furnish- 
ing methods  for  the  synthetical  production  of 
sulphonic  acids. 

Thiophenols  or  disulphides  are  obtained  by 
treating  diazonium  salts  with  potassium  xanth- 
ate  and  then  hydrolysing  the  resulting  aromatic 
xanthate  (Leuckart,  J.  pr.  Chem.  1890,  [ii.]  41, 
179  ; cf.  Ber.  1887,  20,  349  ; Chem.  Soc.  Proc 
1895,  11,  141).  Phenyl  sulphide  is  produced  by 
treating  benzenediazonium  salts  with  hydrogen 
sulphide  or  ammonium  sulphide  (Ber.  1882,  15, 
1683).  Benzenoid  diazonium  salts  yield  sul- 
phides on  treatment  with  sodium  cuprous  thio- 
sulphate, but  diazotised  a-naphthylamine  only 
gives  a- azonaphthalene  (Ber.  1901,  34,  3968). 

The  replacement  of  a diazonium  by  a sul- 
phinic  group  is  effected  by  saturating  with 
sulphur  dioxide  an  acid  solution  of  diazonium 
sulphate  and  adding  copper  powder ; nitrogen 
is  evolved  and  the  resulting  sulphinic  acid  ex- 
tracted with  ether  (Gattermann,  Ber.  1899,  32, 
1136;  Eng.  Pat.  26139  of  1896;  D.  R.  P. 
95830). 

The  foregoing  thiophenols,  disulphides  and 
sulphinic  acids  yield  the  corresponding  sidphonic 
acids  on  oxidation  (D.  R.  P.  70286  ; Eng.  Pat. 
11865  of  1892). 

6.  Replacement  of  the  Diazo-  Group  by 
Nitro-,  Nitroso-,  and  Amino-  Radicals. 

The  introduction  of  a nitro-  group  is  brought 
about  either  by  heating  the  diazonium  salt  with 
nitrous  acid  and  cuprous  oxide  or  by  mixing  the 
diazonium  sulphate  with  cupro- cupric  sulphite 
and  adding  excess  of  alkali  nitrite.  By  the 
latter  process,  2:4:6-tribromobenzenediazonium 
sulphate  gives  65  p.c.  of  l-nitro-2  : 4 : 6-tri- 
bromobenzene  and  diazotised  ^-naphthylamine 
gives  25  p.c.  of  d-nitronaphthalene,  a substance 
prepared  with  considerable  difficulty  by  other 
processes  (Ber.  1887,  20,  1497  ; 1900,  33,  2544). 
The  introduction  of  a nitroso-  group  is  effected 
by  treating  a diazonium  chloride  with  alkaline 
potassium  ferrocyanide  (Ber.  1893,  26,  471). 
The  addition  of  hydroxylamine  to  a solution  of 
diazonium  salt  results  in  the  regeneration  of  the 
original  amine  (Ber.  1892,  25,  372  ; 1902,  35, 
2593,  3920). 

7.  Formation  of  Azoimides. 

The  introduction  of  the  azimino-  group  Ng 
into  the  aromatic  nucleus  is  effected  by  the 
following  reactions  : (1)  action  of  hydroxyl- 

amine on  diazonium  sulphates  (Ber.  1892,  25, 
372  ; 1893,  26,  1271  ; Eorster  and  Eierz,  Chem. 
Soc.  Trans.  1907,  91,  855,  1350)  ; (2)  interaction 
of  ammonia  and  diazonium  perbromides  ; (3) 
direct  action  of  sodium  azide  on  diazonium  salts 
in  excess  of  sulphuric  acid  (Nolting  and  Michael, 
Ber.  1893,  26,  86  ; Eorster  and  Eierz,  Chem. 
Soc.  Trans.  1907,  91,  1942).  The  last  of  these 
processes  is  carried  out  so  readily  that  the 
production  of  an  azimino-  compound  may  be 
used  to  estimate  the  number  of  diazo-  groups  in 
a diazonium  salt  (Meldola  and  Hawkins,  Chem. 
Soc.  Proc.  1892,  8,  133  ; Morgan  and  Mickle- 
thwait,  Chem.  Soc.  Trans.  1910,  97,  2560). 
Aromatic  azoimides  are  also  produced  by  the 
interaction  of  chloroamine,  NHa^l,  and  diazo- 
nium chlorides  (Forster,  Chem.  Soc.  Trans.  1915, 
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107,  260),  and  by  removing  water  from  the 
nitrosoarylhydroxylamines. 

These  aryl  azoimides  can  be  employed  syn- 
thetically as  a means  of  transforming  an  amine 
into  the  corresponding  aminophenol  when 
warmed  with  moderately  concentrated  sulphuric 
acid,  two -thirds  of  the  nitrogen  are  eliminated 
and  a hydroxyl  group  is  introduced  into  the 
nucleus  (Ber.  1894,  27,  192;  Morgan  and  Porter, 
Chem.  Soc.  Trans.  1915,  107,  651). 

Miscellaneous  s'ubstiiutions,  v.  Chem.  Soc. 
Trans.  1888,  53,  460  ; Amer.  Chem.  J.  1888,  10, 
368  ; Ber.  1902,  35,  1964. 

For  the  replacement  of  the  diazo-  group  by 
arsinic  and  stibinic  complexes  consult  Organic 
Aksenicals  and  Organic  Antimonials. 

Condensations  effected  by  Means  of 
Aromatic  Diazonium  Salts. 

Azo-  compounds  are  formed,  to  a slight 
extent,  during  the  Sandmeyer  reaction,  and  this 
condensation  takes  place  to  a greater  extent 
when  the  usual  order  of  mixing  is  reversed  and 
the  cuprous  chloride  added  to  the  cold  solution 
of  diazonium  salt.  Aniline,  o-chloraniline,  and 
o-  and  p-toluidine  give  considerable  quantities 
of  azo-  derivatives,  but  the  nitranilines  and 
their  homologues  furnish  diphenyl  compounds 
(Niementowski,  Ber.  1901,  34,  3325  ; Ullmann 
and  Forgan,  ibid.  3802 ; D.  B.  P.  126961). 
Cuprous  oxide  dissolved  in  ammonia  or  hydroxyl- 
amine  also  promotes  the  diphenyl  condensation 
(Annalen,  1902,  320,  122),  ^phenyl  itself  being 
readily  prepared  by  adding  copper,  zinc,  or  iron 
powder  to  benzenediazonium  sulphate  in  dilute 
alcohol  (Ber.  1890,  23,  1226)  ; j8;8- dinaphthyl  is 
similarly  produced  from  diazonaphthalene 
sulphate  (Chem.  Soc.  Trans.  1895,  67,  653). 
2:2''-Dimethyl-l:l'-dianthraquinonyl  results  from 
the  condensation  of  2 mols.  of  2-methylanthra- 
quinone-1 -diazonium  sulphate  w’hen  stirred  with 
acetic  anhydride  and  copper  bronze  powder 
(Scholl  and  Kunz,  Ber.  1907,  40,  1697;  Eng. 
Pat.  14578  of  1905). 

Interchange  of  Groups  in  Diazonium  Salts. 

The  diazonium  salts  of  the  more  highly 
substituted  amines  frequently  undergo  re- 
markable transformations,  some  of  which  have 
been  suggested  for  use  in  the  technical  pro- 
duction of  azo-  compounds. 

The  dinitroanisidines,  containing  nitro- 
groups  either  in  ortho-  or  para-  positions  with 
regard  to  the  amino-  group,  exchange  these 
radicals  for  hydroxyl  during  the  process  of 
diazotisation.  In  certain  instances,  the  me- 
thoxyl  group  present  in  these  compounds  under- 
goes demethylation,  &c.,  with  the  production  of 
internal  diazo-  oxides  (quinonediazides).  The 
nitro-  group  is  set  free  in  the  form  of  nitrous 
acid,  which  continues  the  diazotisation  process 
on  further  quantities  of  the  base  (Meldola  and 
others,  Chem.  Soc.  Trans.  1900,  77,  1172  ; 1901, 
79,  1076;  1902,  81,  988;  1905,  87,  1205). 

Methoxyl  or  chlorine  radicals  in  para-  positions 
with  respect  to  the  diazo-complex  are  rendered 
labile  by  contiguous  nitro-  groups  so  that  para- 
diazo-oxides  are  produced  (Klemenc,  Ber.  1914, 
47,  1407 ; Morgan  and  Porter,  Chem  Soc.  Trans, 
1915,  107,  653),  but  an  accumulation  of  acidic 
(nitro)  groups  favours  the  removal  of  adjacent 


nitro-  groups  and  the  formation  of  ortho-diazo- 
oxides (Meldola  and  Reverdin,  Chem.  Soc. 
Trans.  1910,  97,  1204).  A sulphonic  group 
is  replaced  by  hydroxyl  in  the  diazotisation 
of  m-phenylenediaminedisulphonic  acid  (Eng. 
Pat.  18283  of  1903),  and  certain  of  the 
dinitronaphthylamines,  when  diazotised,  yield 
internal  diazo-oxides,  owing  to  the  initial  re- 
placement of  a nitro-  group  by  hydroxyl  (Ber. 
1894,  27,  2211  ; 1895,  28,  1951  ; c/.  Chem.  Soc. 
Trans.  1895,  67,  908). 

The  replacement  of  an  acidic  (electro- 
negative) substituent  by  hydroxyl  frequently  oc- 
curs on  treating  the  diazonium  salt  with  alkalis. 


A sulphonic  acid  group  may  be  similarly 
eliminated  as  in  j8-naphthylamine-l  : 5 : 7-trisul- 
phonic  acid  which,  when  diazotised  and  treated 
with  weak  alkali,  yields  naphthylene-2-diazo-l- 
oxide-5  : 7-disulplionic  acid  (D.  R.  P.  141750  ; 
Eng.  Pats.  16811,  20551,  of  1901  ; 1561,  6615, 
23993,  of  1902  ; 16995,  27372,  of  1903  ; 4997,  of 
1904). 

These  replacements  sometimes  take  place 
even  when  the  diazo-  solutions  are  diluted  with 
water,  or  spontaneously  when  the  diazonium 
base  is  present  as  the  salt  of  a weak  acid  (acetate, 
oxalate,  carbonate,  &c.)  {v.  Orton,  Proc.  Roy. 
Soc.  1902,  71,  153  ; Chem.  Soc.  Trans.  1903,  83, 
796  ; 1907,  91,  1554 ; Nolting  and  Battegay 
Ber.  1906,  39,  79). 

p-  Chlorobenzenediazoni  um  thiocyanate 

Cl-CeH4'N2-CNS 


undergoes  a remarkable  molecular  transforma- 
tion when  dissolved  in  alcohol  containing  a 
trace  of  hydrochloric  acid.  The  thiocyanate 
and  chlorine  radicals  change  places,  and  on 
adding  ether  to  the  solution,  p-thiocyanobenzene 
diazonium  chloride  is  precipitated  (Hantzsch, 
Ber.  1896,  29,  947).  Similarly,  2:4:  6-tribromo- 
benzenediazonium  sulphate  in  presence  of  excess 
of  potassium  thiocyanate  is  converted  into 
2:4:6-trithiocyanobenzenediazonium  thiocyanate 
and  many  brominated  diazonium  chlorides  pass 
into  chlorinated  diazonium  bromides  (Ber.  1897, 
30,  2334  ; 1898,  31,  1253  ; 1900,  33,  505  ; cf. 
Chem.  Soc.  Trans.  1902,  81,  1376).  The  last  of 
these  transformations  has  been  studied  quanti- 
tatively, and  the  following  generalisations  have 
been  established  : — 

(i.)  Bromine  atoms  are  replaced  by  chlorine 
only  when  present  in  the  ortho-  or  para-  position 
with  respect  to  the  diazonium  group,  those  in 
ortho-  positions  being  most  readily  removed. 
A bromine  atom  in  the  meta-  position  is  not 
affected. 

(ii.)  The  ease  of  transformation  increases 
with  the  number  of  bromine  atoms  present. 

(hi.)  The  transformation  constant,  calcu- 
lated from  the  equation  for  a unimolecular 
reaction  K=l/i!(logA/A— a;),  increases  with  the 
temperature  and  is  adso  influenced  by  the  sol- 
vent, having  its  minimum  value  in  water,  and 
becoming  greater  as  the  series  of  alcohols  is 
ascended. 
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(iv.)  Diazonium  salts  containing  two  bro- 
mine atoms  are  stable  when  dry,  but  are  rapidly 
transformed  in  ethyl  alcohol ; 2:4:6-tribromo- 
benzenediazonium  chloride  becomes  transformed 
in  the  dry  state. 

These  changes  do  not  occur  either  with 
iodinated  diazonium  chlorides  or  with  brominated 
diazonium  fluorides  (Hantzsch,  Ber.  1903,  36, 
2069). 

Constitution  of  Aromatic  Diazonium  Salts. 

Aromatic  diazonium  salts  are  generally 
soluble  in  water  to  a neutral  solution,  thus 
showing,  by  an  absence  of  hydrolytic  dissociation, 
that  the  diazonium  base  is  a stronger  base  than 
the  aromatic  amine  from  which  it  was  derived. 
The  strength  of  the  diazonium  base  has  been 
confirmed  by  physico-chemical  measurements. 

Determinations  of  the  electrical  conductivity 
of  solutions  of  benzenediazonium  chloride  and 
nitrate  show  that  the  benzenediazonium  radical 
is  strictly  comparable  with  other  quaternary 
ammonium  ions.  The  rate  of  migration  of 
the  benzenediazonium  ion  at  25°  is  45*7,  the 
corresponding  constants  for  the  methylpyri- 
dinium  and  tetramethylammonium  ions  being 
44-3  and  43*6  respectively.  The  molecular 
electrical  conductivity  of  solutions  of  diazonium 
salts  increases  with  dilution,  just  as  in  the  case 
of  the  corresponding  potassium  and  ammonium 
compounds. 

The  affinity  constant  of  benzenediazonium 
hydroxide  at  0°  is  70  times  greater  than  that  of 
ammonium  hydroxides,  and  somewhat  exceeds 
that  of  piperidine.  The  affinity  constants  of 
p-methoxybenzenediazonium  and  ;|/-cumidine- 
diazonium  hydroxides  are  even  greater,  and 
approximate  closely  to  those  of  the  alkah 
hydroxides.  A comparison  of  the  electrical 
conductivity  experiments,  with  the  results  ob- 
tained in  the  hydrolysis  of  ethyl  acetate  by 
benzenediazonium  hydroxide,  shows  that  in 
N/12^  solutions  at  0°,  approximately  33  p.c.  of 
the  base  exists  in  the  ionised  conation  (Ber. 
1890,  23,  3220  ; 1895,  28,  1737  ; 1898,  31,  1612). 

Benzenediazonium  {Diazobenzene)  behaves 
like  an  alkali  or  a complex  ammonium  cation. 

Benzenediazonium  hydroxide  {Diazobenzene 
hydrate  or  hydroxide)  is  only  known  in  solution, 
and  is  produced  by  treating  aqueous  benzene- 
diazonium chloride  with  the  calculated  amount 
of  silver  oxide,  or  by  adding  barium  hydroxide 
to  a solution  of  benzenediazonium  sulphate 
(Hantzsch,  Ber.  1898,  31,  340).  The  solution  is 
strongly  alkaline,  and  gives  at  once  an  azo- 
compound  with  ;8-naphthol ; the  dissolved  base 
decomposes,  however,  fairly  rapidly  even  at  0°. 

The  striking  similarity  in  the  physical  and 
chemical  properties  of  the  diazonium  and 
quaternary  ammonium  salts  suggests  the 
existence  of  quinquevalent  nitrogen  in  the 
former  compounds,  and  on  these  grounds  the 
following  formula,  formerly  proposed  by  Blom- 
strand  (1869),  Strecker  (1871),  and  Erlenmeyer 
(1874),  has  now  been  generally  adopted  for 
benzenediazonium  chloride  and  its  homologues  : 

CgHg— N^— Cl 
N 

although,  for  many  years,  the  alternative  con- 
figuration, CgH5‘N=N'C],  suggested  by  Kekule, 
was  usually  employed. 


The  close  analogy  existing  between  the 
diazonium  and  alkah  salts  is  shown  further  by 
the  facility  with  which  the  former  yield  double 
salts  with  cobaltic  nitrite  and  with  the  chlorides 
of  platinum,  gold,  and  mercury.  Diazonium 
perhahdes  are  also  known,  corresponding  with 
the  perhalides  of  potassium,  rubidium,  caesium, 
and  quaternary  ammonium  bases  (Ber.  1895, 
28,  1736,  2754).  ^ 

The  benzenoid  diazonium  salts  with  colour- 
less anions  (nitrates,  sulphates,  chlorides)  are 
generally  colourless,  but  the  corresponding 
bromides,  iodides,  and  thiocyanates  are  coloured, 
and  the  deeper  the  colour  the  more  explosive 
the  salt.  When  cooled  in  hquid  air,  these 
coloured  salts  become  less  coloured  ; moreover, 
their  aqueous  solutions  are  colourless. 

The  development  of  colour  and  increase  in 
explosibility  are  considered  by  Hantzsch  to 
indicate  a change  in  constitution,  the  coloured 
substance  being  regarded  as  an  equilibrium 
mixture  of  diazonium  salt  and  syn-dii&,zo- 
compound  {v.  infra).  This  equilibrium  is  dis- 
turbed in  the  sense  of  forming  more  colourless 
diazonium  salt  by  lowering  the  temperature  or 
by  dissolving  the  substance  in  water  (Hantzsch, 
Ber.  1897,  33,  2179  ; 1900,  33,  2179  ; Euler,  Ber. 
1895,  31,  4168).  But  although  in  the  benzene 
series  the  diazonium  chlorides,  nitrates,  and 
sulphates  are  colourless,  yet  in  the  diphenyl  and 
naphthalene  series,  many  diazonium  salts  with 
these  anions  are  coloured  and  comparatively 
stable.  Moreover,  this  colour  (yellow  or  orange) 
is  retained  either  in  aqueous  solution  or  at  the 
temperature  of  liquid  air.  Apart  from  their 
colour,  these  salts  have  all  the  properties  of  the 
simpler  diazonium  salts  (neutral  solutions, 
coupling  with  phenols,  &c.).  These  facts 
indicate  that  increase  in  the  complexity  of  the 
organic  portion  of  the  diazonium  cation  leads  to 
the  development  of  colour  in  normal  diazonium 
salts. 

{Coloured  diazonium  salts,  v.  Hantzsch,  Ber. 
1900,  33,  3183  ; 1901,  34,  4168  ; Annalen,  1900, 
312,  126  ; Cain,  Chem.  Soc.  Trans.  1905,  87,  5 ; 
Morgan  and  others,  ibid.  1907,  91,  1311,  1505; 
1908,  93,  614  ; 1909,  95,  1319.) 

The  idea  embodied  in  Blomstrand’s  diazo- 
nium formula  {v.  supra)  fails  to  express  one 
important  point,  namely,  the  dependence  of  the 
stability  of  the  diazo-  complex  on  the  presence  of 
an  unsaturated  group.  Yet  this  is  a matter  of 
fundamental  importance,  for  hitherto  no  amine 
in  which  the  basic  nitrogen  is  attached  to  a 
fully  saturated  ring  or  complex  has  yielded  a 
diazonium  salt. 

Cain  has  suggested  an  alternative  formula, 
(2),  giving  expression  to  this  circumstance 
(Chem.  Soc.  Trans.  1907,  91,  1051),  in  which  the 
diazonium  salt  is  represented  as  having  a para- 
hemiquinonoid  constitution  ; and  this  conception 
has  been  extended  by  Morgan  {ibid.  1908,  93, 
617  ; 1910,  97,  2563)  so  as  to  include  the  equally 
admissible  ortho -hemiquinonoid  configurations 
(1)  and  (3)  : 


(1)  (2)  (3) 
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Euler  has  also  advocated  a para-  heraiquinonoid 
structure  for  diazonium  salts  (Ber.  1908,  41, 
3979). 


Non-aeomatic  Diazonium  Salts. 

The  foregoing  hypotheses  of  the  constitution 
of  aromatic  diazonium  salts,  which  bases  their 
existence  on  the  unsaturated  nature  of  the 
aromatic  complex,  accord  with  the  fact  that 
certain  non-aromatic  primary  amines  containing 
unsaturated  organic  groups  manifest,  in  some 
degree,  the  property  of  diazotis ability.  Among 
these  bases  are  amino  triazole  (I.)  and  its  deriva- 
tives, and  aminoantipyrine  (II.)  : 

/NH-N  N(CH3)  •N(C6H  a -CO 

NH-C/  II  I I 

^N— CH  C(CH3)=_C-NH2 

I.  II. 


(Thiele  and  Manchot,  Annalen,  1898,  303,  33  ; 
Knorr  and  Stolz,  ibid.  1896,  293,  67  ; cf.  Ber. 
1900,  33,  1158  ; 1906,  39,  2925  ; Annalen,  1900, 
312,  133).  In  addition  to  amino  derivatives  of 
the  pyrazoline  group  (Michaelis,  Annalen,  1906, 
350,  288),  the  4-  and  5-amino  derivatives  of  the 
pyrazole  group  give  rise  to  remarkably  stable 
diazonium  salts  (Morgan  and  Reilly,  Chem.  Soc. 
Trans.  1914,  105,  436 ; Michaelis  and  others, 
Annalen,  1911,  385,  1;  1915,  407,  229,  274; 
Mohr,  J.  pr.  Chem.  1914,  [ii.]  90,  509).  2-Amino- 
thiazole,  a heterocyclic  base  containing  sulphur 
and  nitrogen  in  the  ring,  furnishes  diazonium 
salts  of  the  oxyacids  (Morgan  and  Morrow, 
Chem.  Soc.  Trans.  1915,  107  1291).  Distinct 
evidence  of  diazotis  ability  has  been  adduced  in 
the  indole  and  pyrrole  series  (Angeli  and 
d’ Angelo,  Atti.  R.  Accad.  Lincei,  1904,  [v.]  13, 
i.  258;  Angelico,  he.  1905,  14,  ii.  167).  It 
has  also  been  shown  (K.  A.  Hofmann,  Hock 
and  Roth,  Ber.  1910,  43,  682,  1087)  that  amino- 
guanidine  gives  rise  to  diazonium  saRs,  derived, 
however,  not  from  the  salts  of  aminoguanidine 
itself,  but  from  a more  complex  molecule  con- 
taining two  guanidine  residues,  and  having  a 
greater  degree  of  unsaturation.  The  diazonium 
nitrate,  for  example,  is  represented  by  the 
formula  : 


N03-N3-NH-C(:NH)\ 

■"\C(NH2)  -nh— nh-n^^^ 

containing  a diazo-  complex  associated  with  an 
open  chain  having  three  unsaturated  linkings. 


II.  Cyclic  Diazo-  Compounds. 

In  certain  instances,  the  action  of  nitrous 
acid  on  substituted  aromatic  amines  leads  to  the 
formation  of  compounds  having  their  diazo- 
nitrogen in  a cyclic  complex,  this  result  being 
due  to  the  subsequent  interaction  of  a sub- 
stituent group. 


1.  Internal  Diazonium  Salts. 

Sulphonated  amines  of  the  benzene  and 
naphthalene  series  furnish  diazo-  derivatives 
which  are  generally  misnamed  diazo-sul'pTionic 
acids.  These  compounds,  however,  do  not 
contain  ionic  hydrogen,  and  are  really  internal 
diazonium  salts  ; No.  1,  the  so-called  ‘ diazo- 
benzenesulphonic  acid,’’  being  henzenediazonium- 
p-sulphonate,  whilst  No.  2 is  naphthalene-l- 
diazonium-  5-sidphonate 

VOL.  11.—^. 


(1.)  (2.) 

These  internal  diazonium  sulphonates  are  of 
great  technical  importance  in  the  manufacture  of 
azo-  dyes  {v.  Azo-  colouring  matters).  They 
are  prepared  either  by  adding  sodium  nitrite  to 
an  acid  suspension  of  the  amino  sulphonic  acid 
or  by  acidifying  a solution  containing  nitrite 
and  the  alkali  salt  of  the  aminosulphonic  acid 
(Rev.  prod.  chim.  1917,  20,  21). 

Of  a similar  nature  are  the  cyclic  diazo- 
derivatives obtained  by  diazotising  aromatic 
aminocarboxylic  acids  (cf.  Billow  and  Haas, 
Ber,  1911,  44,  601),  e.g.  diazo-antkranilic  acuV 
or  benzenediazonium-o-carhoxylate 


which  is  employed  in  the  production  of  methyl 
red  {v  Acidimetry  and  Alkalimetry). 


2.  Cyclic  Diazo-  Compounds  due  to 
Internal  Condensation. 

Aromatic  ortho-  and  peri- diamines  do  not 
yield  diazonium  salts,  inasmuch  as  their  inter- 
action with  nitrous  acid  leads  at  once  to  the 
formation  of  cyclic  diazoimines  {Azimino- 
compemnds) 

NHN:N 


(1.)  (2.) 


Phenylene-o-diazoimine  (1)  {Aziminobenzene) 
and  naphthylene-l:8-diazoimine  (2)  {l\^-Azimino- 
napTithalene)  are  typical  members  of  this  series 
of  diazo-  compounds. 

The  triazole  rings  thus  set  up  are  remarkably 
stable,  and  in  the  case  of  the  ortho-  derivatives 
(No.  1)  are  not  opened  by  mineral  acids  without 
complete  rupture  of  the  molecule.  The  peri- 
diazoimines  (No.  2)  occupy  a position  inter- 
mediate between  the  ortho -diazoimines  (No.  1) 
and  the  para-diazoimines  {v.  infra). 

The  1:2-  and  2:3-naphthylene-diamines 
furnish  respectively  1:2-  and  2:3-naphthylene- 
diazoimines  (1:2-  and  2:3-aziminonaphthalenes). 
(Constitution  of  ortho-diazoimines  and  their 
acyl-  derivatives,  Griess,  Ber.  1882,  15,  2195  ; 
Kekule,  Lehrbuch,  ii.  739  ; Morgan  and  Godden, 
Chem.  Soc.  Trans.  1910,  97,  2557 ; cf.  Ber. 
1874,  7,  316  ; 1876,  9,  221  ; 1887,  20,  2999  ; 
1894,  27,  874 ; Annalen,  1889,  255,  344  ; 
Chem.  Soc.  Trans.  1906,  89,  4.)  Although 
Griess’s  formulation  for  the  azimino-  compounds 


NH  still  persists  in  chemical  litera- 


ture, it  has  been  disproved  completely,  and  that 
of  Kekule  substantiated  by  the  preparation  of 
three  pairs  of  isomerides  having  respectively 
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the  following  formulae,  where  R= acetyl,  ben- 
zoyl, or  benzenesulphonyl. 


N 


^/NR\ 

I I N 


This  form  of  isomerism  could  not  exist  with 
G-riess’s  symmetrical  configuration  (Morgan, 
Micklethwait  and  Scharfi,  Chem.  Soc.  Trans. 
1913,  103,  1394;  1914,  105,  117).  Although 

these  diazoimines  do  not  couple  with  phenols 
and  aromatic  bases  to  form  azo-dyes,  yet  a 
synthetic  employment  Jias  been  found  for  them 
in  the  production  of  carbazole  derivatives  which 
are  obtained  on  heating  these  cyclic  diazo- 
compounds (Ullmann,  Ber.  1898,31,  1697;  1914, 
47,  380). 

Similar  stable  cyclic  diazo-  compounds  are 
obtained  by  diazotising  the  ortho-aminothio- 
phenols,  o-phenylenediazosulphide  being  a colour- 
less crystalline  substance  with  a sweetish  odour 
and  feebly  basic  properties 

C6H4<n>N 

(Jacobsen,  Annalen,  1893,  277,  209,  218,  232, 
237). 

3.  CvcLic  Diazo-Compounds  DUE  TO  Combined 
Internal  Condensation  and  Salt  Forma- 
tion. 


In  this  group  are  found  certain  diazo- 
derivatives of  amines  containing  slightly  acidic 
substituents  in  ortho-  or  para-,  but  not  meta- 
positions with  respect  to  the  aminic  nitrogen. 

(i.)  Internal  diazo-  oxides  are  produced  from 
ortho-  and  para-  aminophenols  and  their 
derivatives.  In  some  cases,  an  intermediate 
diazonium  salt  is  formed  which  condenses  to  the 
diazo -oxide  on  treatment  with  silver  oxide  or 
an  alkali  (Schmitt,  Ber.  1868,  1,  67  ; Hantzsch 
and  Davidson,  ibid.  1896,  29,  1522  ; Cameron, 
Amer.  Chem.  J.  1898,  20,  229).  The  first  diazo- 
compound prepared  by  Griess  (Annalen,  1858, 
106,  123),  namely,  dinitrobenzenediazo-oxide. 


(N03)AH 


belongs  to  this  class ; it  is 


^2 

produced  by  diazotising  picramic  acid,  and  has 
been  utilised  in  the  production  of  azo-  colours 
(D.  R.  P.  151332).  The  1:2-,  2:1-,  2:3-,  and 
1 : 8 aminonaphthols  and  their  sulphonic  acids 
similarly  give  rise  to  internal  diazo -oxides  which 
are  so  stable  that  they  can  be  nitrated.  These 
internal  diazo-oxides  are  readily  transformed 
into  diazonuim  salts  by  mineral  acids,  and  are 
therefore  available  in  the  production  of  azo- 
dyes (Eng.  Pat.  28107,  of  1897  ; 10235,  15025, 
of  1904  ; Fr.  Pat.  353786  of  1905  ; D.  R.  PP. 
155083,  164665,  171024,  172446,  175593,  176618, 
176619,  176620). 


Internal  diazo-oxides  can  also  be  produced 
by  leaving  the  diazonium  salts  of  highly  sub- 
stituted amines  {e.g.  2:4:6-trichloroaniline)  in 
aqueous  solutions  containing  no  free  mineral 
acid  (Orton,  Proc.  Roy.  Soc.  1903,  71,  153  ; 
Chem.  Soc.  Trans.  1903,  83,  796). 

These  diazo-  derivatives  have  been  formu- 
lated either  as  cyclic  diazo-oxides  (I.)  or  as 
quinonediazides  (II.)  : 


0-CeH,-N2 


I. 


II. 


{cf.  Wolff,  Annalen,  1900,  312,  126 ; Morgan 
and  Micklethwait,  Chem.  Soc.  Trans.  1908,  93, 
607). 

Repeated  attempts  to  prepare  internal  diazo- 
oxides  from  w-aminophenol  and  its  nitro- 
derivatives,  which  have  been  quite  unsuccessful, 
strengthen  the  view  that  these  diazo-  derivatives 
are  to  be  regarded  as  quinonediazooxides  (II.), 
with  the  reservation  that  similar  compounds  are 
producible  from  l:8-aminonaphthol,  ‘ H acid,’ 
and  other  peri-  derivatives  (Morgan  and  Porter, 
I.C.).  In  the  case  of  aminophenolsul phonic 
acids  the  NH2:OH=l:2  compounds  give  these 
coloured  o-quinonediazides ; the  NHg'.OH^l:! 
compounds  yield  diazonium  sulphonates  changing 
to  p-quinonediazides  on  partial  neutralisation; 
the  NH3:0H=1:3  compounds  give  rise  only  to 
diazonium  sulphonates  which  lose  diazo -nitrogen 
and  furnish  complex  azo  derivatives  on  treat- 
ment with  alkali  (Morgan  and  Tomlins,  Chem. 
Soc.  Trans.  1917,  111,  497). 

(ii.)  Para- diazoimines  and  diazoimides. 

The  simplest  example  of  the  para-diazo- 
imines  is  obtained  by  the  action  of  alkalis  on  the 
diazonium  salts  of  p-aminodiphenylamine 
(Annalen,  1888,  243,  282  ; Ber.  1902,  35,  895). 
The  following  alternative  formulae  (III.  and  IV.) 
have  been  given  to  this  product : — 


CeH,-N*CeH,-N, 

I I 

III. 


CeH,N:CeH 

IV. 


corresponding  respectively  with  the  foregoing 
formulae  (I.  and  II.)  for  the  internal  diazo-oxides. 
Successive  nitration  of  the  phenyl  group 
gradually  increases  the  stability  of  these  p- 
diazoimines  (Chem.  Soc.  Trans.  1908,  93,  604). 

The  para-  diazoimides  are  produced  from  the 
acyl-  and  arylsulphonyl-  derivatives  of  the 
para- diamines,  and  similar  products  are  obtained 
from  the  arylsulphonyl- 1 : 8-naphthylenedi- 
amines.  The  production  of  these  diazoimides 
takes  place  in  two  stages,  the  diazonium  salt 
first  produced  being  decomposed  by  sodium 
acetate  or  mild  alkali,  yielding  the  internal 
condensation  product  r 

NaAc 

R-S02-NHC6H4-N2UI  R-S02-N-C6H4N^ 

HCl  i ! 

V.  VI. 


These  para- diazoimides  (VI.)  are  yellow 
sparingly  soluble  substances  readily  reconverted 
by  strong  acids  into  the  corresponding  diazonium 
salts.  They  combine  additively  with  phenols, 
naphthols,  naphthylamines,  and  their  sulphonic 
acids,  yielding  azo-  colouring  matters  (Morgan 
and  Micklethwait,  J.  Soc.  Dyers  and  Colourists, 
1909,  25,  107  ; c/.  Chem.  Soc.  Trans.  1905,  87, 
74,  921,  1302  ; 1906,  89,  1162  ; 1907,  91,  1509  ; 
1908,  93,  615  ; Badische  Anilin-  und  Soda-Fabrik 
D.  R.  P.  205037). 

The  foregoing  general  reaction  has  been 
extended  further  by  the  device  of  diazotising 
with  liquid  nitrogen  trioxide  in  an  anhydrous 
solvent  such  as  acetone.  In  this  way  the 
simplest  members  of  the  series  Ac‘N:CeH4:N2 
have  been  obtained  containing  formyl,  acetyl, 
and  benzoyl  groups  (Morgan,  Upton  and 
Cleaze,  Chem.  Soc.  Trans.  1917,  111,  187  ; 1918, 
113. 
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III.  DiAZO  AMINES. 

The  diazoamines  or  diazoamino-  compounds 
have  the  general  formula  XN^'NHY,  and  may 
be  either  aromatic,  mixed  aromatic-aliphatic,  or 
aliphatic  in  character,  according  as  to  whether 
X and  Y are  aromatic  or  aliphatic  hydrocarbon 
radicals. 

1.  Aeomatic  Diazoamines. 

The  aromatic  diazoamines  are  produced 
(1)  by  the  action  of  nitrous  acid  (1  molecule)  on 
two  molecular  proportions  of  a primary  benze- 
noid  amine  ; (2)  by  coupling  a diazonium  salt 
with  a primary  or  secondary  benzenoid  amine. 

Diazoaminobenzene  CgHg^-N.^  -N  H -CgHg,  yellow 
crystals,  m.p.  98’’,  is  produced  in  quantitative 
yield  by  dissolving  10  parts  of  aniline  in  two 
parts  of  water  containing  12  parts  of  hydrogen 
chloride,  diazotising  with  8 parts  of  sodium 
nitrite,  and  adding  the  diazo-  solution  to  a 
solution  of  10  parts  of  aniline  in  the  calculated 
amount  of  hydrochloric  acid.  The  diazoamine 
is  precipitated  on  the  addition  of  sodium 
acetate.  (Absorption  spectrum  of  diazoamino- 
benzene, Purvis,  Chem.  Soc.  Trans.  1914,  105, 
590.) 

When  warmed  with  aniline  containing 
aniline  hydrochloride,  diazoaminobenzene  is 
transformed  into  p-aminoazobenzene  (v.  Azo- 
COLOURING  matters),  the  velocity  of  transforma- 
tion obeying  the  law  of  unimolecular  reactions. 
When  the  transformation  occurs  below  40°  a 
small  proportion  (about  4 p.c.)  of  o-amino- 
azobenzene  is  produced  (F.  H.  Witt,  Ber.  1912, 
45,  2380;  1913,  46,  2557). 

Diazoamino -p-toluene  is 

prepared  in  a similar  manner,  and  undergoes 
transformation  into  an  ortho-azo-  compound, 
but  the  velocity  of  this  change  is  only  about 
one-ninth  of  that  of  the  preceding  transfor- 
mation to  para-azo-  derivative. 

The  coupling  of  diazonium  salts  with  meta- 
phenylenediamine,  diphenylamine,  the  naphthyl- 
amines  and  their  alkyl  derivatives,  leads  directly 
to  the  production  of  azo-  derivatives  ; in  these 
cases,  intermediate  diazoamines  have  not  been 
isolated,  except  when  the  reactive  ortho-  or 
para-  positions  are  already  substituted  (Morgan, 
Chem.  Soc.  Trans.  1902,  81,  91  ; 1907,  91,  370). 

When  an  aromatic  base,  XNH2,  is  coupled 
with  a diazonium  salt  YNgCl,  the  resulting 
diazoamine  is  identical  with  that  produced  from 
XN2CI  and  YNHj,  and  is  generally  regarded  as 
being  an  equilibrium  mixture  of  the  two  iso- 
merides  XNH-NsY  and  XN^-NHY.  This  ex- 
planation assumes  the  migration  of  the  diazo- 
group which  has  been  observed  to  occur  in 
several  instances  (Ber.  1882,  15,  2190 ; 1896, 
29,  287  ; 1897,  30,  1412). 

(For  the  constitution  of  the  unsymmetrical 
aromatic  diazoamines,  XNH'N^Y,  v.  Meldola 
and  Streatfeild,  Chem.  Soc.  Trans.  1886,  49, 
624  ; 1887,  57,  102,  434  ; 1886,  53,  664  ; 1889, 
55,  412  ; 1890,  57,  785  ; cf.  Forster  and  Garland 
ibid.  1909,  95.  2051.) 

2.  Alipbiatic-aromatio  Diazoamines. 

The  diazoamines  containing  one  aliphatic 
and  one  aromatic  group  can  be  produced  by 
(1)  coupling  a diazonium  salt  with  an  aliphatic 
amine  (Ber.  1888,  21,  1016,  1112  ; 1889,  22,  938, 


1302) ; (2)  by  treating  an  azide  with  Grignard 
reagent : 


R-N<  II -fR'-MgBr=R-N(MgBr)-N:NR' 
\N 


H2O  R-NH-N:NR'+MgBr-OH 

(Dimroth,  Ber.  1903,  36,  909;  1905,  38,  670, 
2328 ; 1907,  40,  2390).  Diazoamines  present 
the  possibility  of  stereoisomerism,  but  their 
relative  stability  and  the  fact  that  they  couple 
only  slowly  with  j8-naphthol,  confirm  the  view 
that  they  are  generally  anti-diazo-  compounds. 

(For  stereoisomeric  diazoamines,  v.  J.  Russ. 
Phys.  Chem.  Soc.  1906,  38,  578 ; Zeitsch. 
angew.  Chem.  1900,  13,  762  ; 1902,  15,  1209.) 

Aromatic  bisdiazoamino-  compounds,  e.g. 
(CgHg'N2)2N'CgH5,  have  been  obtained  by  the 
action  of  2 molecular  proportions  of  a diazonium 
salt  on  one  of  an  aromatic  amine  (Ber.  1894,  27, 
1863,  2597  ; 1895,  28,  170). 

Mixed  aliphatic-aromatic  bisdiazoamino-  de- 
rivatives (v.  Ber.  1888,  21,  1016  ; 1889,  22,  933  ; 
1907,  40,  2390). 

Diazo-xp-semicarbazines  (v.  Forster,  Chem. 
Soc.  Trans.  1906,  89,  223). 


3.  Aliphatic  Diazoamines. 

Dimroth’s  general  method  may  be  applied 
to  the  production  of  purely  aliphatic  diazo- 
amino-  compounds.  In  this  way,  the  simplest 
member  of  the  series,  diazoaminomethane 
(dimethyltriazene)  CH3N:N-NH-CH3,  has  been 
prepared  from  methyl  azide  and  magnesium 
methyl  iodide.  This  substance,  which  is 
isolated  by  distilling  its  copper  derivative  with 
diazoaminobenzene  under  reduced  pressure,  is  a 
colourless  liquid,  solidifying  at  --- 12°  and  boiling 
at  92°  (Dimroth,  Ber.  1905,  38,  1575  ; 1906,  39, 
3905). 

IV.  Diazo-  Oxides. 

When  a diazonium  salt  couples  with  a phenol 
the  product  is  generally  an  ortho  or  a para- 
hydroxyazo-  compound  (the  C-azo-  derivative), 
but  in  all  probability,  the  0-azo-  derivative  is 
first  produced,  for  in  a few  instances,  when  the 
velocity  of  transformation  has  been  lessened  by 
substitution,  the  intermediate  0-azo-  compound 
or  diazo-oxide  has  been  isolated.  p-Bromo- 
benzenediazonium  chloride  and  p-nitrophenol 
give  p-bromobenzenediazo-4:  oxynitrobenzene 

CsH4Br*N:N-0CgH4-N02 
which,  at  80°,  becomes  transformed  into  its 
is omeride,  p-bromobenzene-2-azo-4:-nitrophenol 

CgH4BrN:NCgH,(N02)0H 

(Ber.  1908,  41,  4027,  4304). 

Occasionally  traces  of  these  intermediate 
diazoamines  and  diazo-oxides  can  be  detected  in 
the  commercial  azo-  colouring  matters  (Vaubel, 
Zeitsch.  Farben.  Textil.  Ind.  1902,  1,  3). 

V.  Metallic  Derivatives  of  Diazo - 
Compounds. 

In  1894  Schraube  and  Schmidt  (Ber.  27, 
514)  found  that  on  adding  a 10  p.c.  solution  of 
p-nitrobenzenediazonium  chloride  to  18  p.c. 
aqueous  sodium  hydroxide  at  50°-60°,  a sodium 
diazo-  derivative  separated  in  yellow  bronzy 
leaflets,  to  which  they  gave  the  formula 

N02CgH4NNa-N0,H20 
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regarding  the  compound  as  the  sodium  deriva- 
tive of  'p-nitropJienylnitfosamine.  This  view  of 
the  constitution  of  the  product  was  confirmed 
by  the  action  on  the  compound  of  methyl  iodide 
when  p -nitr  ophenylmethy  Initr  os  amine 

N02-06H4'N(CH3)-NO 

was  obtained. 

This  sodium  salt,  which  was  regarded  by 
Hantzsch  as  having  the  constitution  of  an  anti- 
diazo-  compound,  sodium  p-nitrobenzenediazo- 
oxide  {v.  infra),  has  been  manufactured  for  use 
in  the  production  of  ‘ nitrosamine  red  ’ (Badische 
Anilin-  und  Soda-Fabrik  D,  R.  PP.  78874,  80263, 
81134,  81202).  The  addition  of  excess  of 
mineral  acid  to  this  metallic  diazo-  derivative, 
determines  the  regeneration  of  the  original 
diazonium  salt,  but  treatment  with  dilute  acetic 
acid  leads  to  the  formation  of  a yellow  product, 
■p-nitrophenylnitrosamme  N02*CgIl4‘NH-N0,  a 
substance  showing  little  tendency  to  couple  with 
)6-naphthol. 

The  silver  derivative  obtained  from  the 
foregoing  sodium  salt  yields  on  methylation 
an  oxygen  ether  N02*C6H4-N:N'0’CH3,  a re- 
action suggesting  the  possibility  of  tautomeric 
change.  In  many  instances,  two  isomeric 
modifications  of  these  metallic  diazo-  deri- 
vatives have  been  isolated, 

Benzenediazonium  chloride  and  cold  concen- 
trated potassium  hydroxide  yield  the  normal 
labile  form  of  potassium  benzenediazo-oxide  (I.), 
which  readily  couples  with  )8-naphthol.  The 
stable  modification  of  potassium  benzenediazo- 
oxide  (II.)  is  produced  by  heating  the  strongly 
alkaline  solution  of  the  normal  or  labile  salt  at 
130°- 140°  ; this  isomeride  couples  only  very 
slowly  with  /3-naphthol. 

According  to  Hantzsch,  these  isomerides  have 
respectively  the  following  formulae  : — 

CgH,-N  CeH^-N 

II  II 

KO-N  N-OK 

I.  Syn-  (labile  form).  II.  Anti-  (stable  form). 

Dobbie  and  Tinkler  (Chem.  Soc.  Trans.  1905, 
87,  273)  have  found,  however,  that  these  iso- 
meric potassium  salts  have  totally  different 
ultra-violet  absorption  spectra.  But  as  stereo- 
isomerides,  like  the  benzaldoximes,  have  iden- 
tical absorption  spectra,  it  seems  probable  that 
the  above  isomeric  salts  are  structurally  dis- 
similar. Confirmation  of  the  stereochemical 
theory  would  be  obtained  by  isolating  the  anti- 
diazohydroxide  from  the  stalile  {anti-)  potassium 
salt,  but  on  treating  this  with  an  acid,  the  nitro- 
samine separates.  Moreover,  the  product  sup- 
posed by  Hantzsch  and  Pohl  to  be  an  anti- 
diazohydroxide  (Ber.  1902,  35,  2964)  was  shown 
by  Orton  to  be  a mixture  of  quinonediazide  and 
a hydroxyazo-  compound  (Proc.  Roy.  Soc.  1903, 
71,  153  ; Chem.  Soc.  Trans.  1903,  83,  796). 

The  existence  of  the  syn-  diazohydroxides  is 
doubtful,  and  diazonium  hydroxides  (?;,  supra) 
are  only  known  in  solution, 

Diazo-anhydrides  RN:NON:NR  or 
R*N’0'N:NR  are  very  unstable  explosive  com- 

N 

pounds  produced  by  the  action  of  acetic  acid  on 
the  metallic  syn-  diazo-oxides.  The  anti-  diazo- 
oxides, when  thus  treated,  give  nitro-samines. 

Aromatic  diazoic  acids  Ar  NaOgH.  Benzene- 


diazoic  acid,  produced  by  oxidising  potassium 
benzenesyndiazo-oxide  or  -isodiazo-oxide  with 
potassium  ferricyanide  in  alkaline  solution,  is 
obtained  in  sparingly  soluble  white  leaflets 
(m.p.  46°)  dissolving  readily  in  organic  solvents 
or  alkalis.  With  mineral  acids  it  is  transformed 
into  0-  and  p-nitroaniline,  and  with  hypo- 
chlorites it  yields  4-chloro-2-nitroaniline. 
Its  sodium  salt  gives  the  a-  or  A-ester 
C6H5'N(CH3)-N02,  the  silver  salt  furnishes  the 
or  0-ester,  CgHg'NtNOOUHg.  Since  the 
acid  is  also  obtained  by  the  action  of  nitrogen 
pentoxide  on  aniline  it  is  probably  a tautomeric 
substance  CgH^-NH-NOg^CeHs'NrNOaH  (Bam- 
berger, Ber,  1893,  26,  471;  1894,  27,  359,  914, 
584,  1273;  Hantzsch,  Ber.  1902,  35,  258). 

VI.  Diazo-  Cyanides. 

The  addition  of  the  calculated  amount  of 
potassium  cyanide  to  a cold  acid  solution  of  a 
diazonium  salt  determines  the  formation  of  a 
sparingly  soluble  diazo-  cyanide.  In  many 
instances,  two  modifications  of  the  diazo- 
cyanides can  be  distinguished,  and  these  varieties 
are  regarded  by  Hantzsch  as  being  stereoiso- 
meric  forms.  p-Chlorobenzenediazonium  chlor- 
ide, from  p-chloraniline,  yields  first  the  yellow 
labile  syw-p-ehlorobenzenediazocyanide  (I.), 
which  readily  evolves  nitrogen,  yields 
CgH^CPN  CgH^Cl-N 


CN-N  N.CN 

I.  -diazocyanide.  II.  Aw<f-diazocyanide. 
p-chlorobenzonitrile  on  treatment  with  copper 
powder,  and  passes  into  the  stable  anti-p-GhlOTO- 
benzenediazocyanide  (II.).  The  latter  sub- 
stance, which  is  not  affected  by  copper  powder, 
may  be  distilled  in  steam  without  decomposition. 
Confirmation  of  this  stereochemical  theory 
of  the  constitution  of  the  diazo-cyanides  has 
been  obtained  by  a study  of  the  cyanides  de- 
rived from  p-methoxybenzenediazonium  chlor- 
ide. This  salt  with  potassium  cyanide  in 
alcoholic  solution  yields  the  syw-diazocyanide 
(III.),  an  orange-red  insoluble  substance  (m.p. 
51°),  which  couples  with  ;8-naphthol  and  slowly 
changes  into  the  non- coupling  anti  - diazo - 
cyanide  (IV.),  a brownish  - red  compound, 
melting  at  121°. 

CHg-O-CgH^-N  CHa-O-CgH^-N 

11  II 

CN-N  N-CN 

III.  IV. 


The  existence  of  a third  isomeric  cyanide  is 
indicated  by  evaporating  at  the  ordinary  tem- 
perature in  the  presence  of  excess  of  hydro- 
cyanic acid,  an  aqueous  solution  of  p-methoxy- 
benzenediazonium  hydroxide.  The  colourless 
crystalline  product  has  the  composition  : 

CH30C6H4-N2-CN,HCN,2H20 
and  possesses  all  the  properties  of  a true  metallic 
salt ; it  is  very  soluble,  and  its  solution  is  an 
electrolyte.  Moreover,  this  double  salt  couples 
with  /8-naphthol,  and  is  converted  by  alkalis  into 
the  yellow  s^w-diazo  cyanide.  These  properties 
correspond  with  those  of  the  normal  diazonium 
salts,  and  the  foregoing  soluble  cyanide  is  re- 
garded as  having  the  following  constitution : 

CHg-O-CeH^-N-CN 

N 

(Hantzsch,  Ber.  1900,  33,  2161  ; 1904,  34,  4166). 
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The  two  pairs  of  diazo-  cyanides  from  p- 
chloraiiiline  and  ^^-anisidine  were  examined 
spectroscopically  by  Dobbie  and  Tinkler,  who 
found  that  each  pair  gave  almost  identical 
ultra-violet  absorption  spectra,  whereas  the 
above  soluble  diazonium  cyanide  gave  an  entirely 
difl’erent  spectrum.  These  results  are  in  accord- 
ance with  Hantzsch’s  view  of  the  configuration 
of  the  diazo-  and  diazonium  cyanides  (Chem, 
Soc.  Trans.  1905,  87,  273). 

It  has,  however,  been  suggested  by  several 
workers  in  this  field  that  the  isomerism  of  the 
diazo-  cyanides  is  structural,  the  syn-  compounds 
being  7?o-cyanides  R'N:N’NC  and  their  anti- 
isomerides,  cyanides  R-N:N'CN  (Ber.  1895,  28 
861  ; Chem.  Soc.  Trans.  1903,  83,  805). 

VII.  Diazo-  Sulphonates. 

Although  the  stereochemical  theory  of  the 
constitution  of  diazo-  cyanides  is  supported  by 
physical  as  weU  as  chemical  evidence,  yet  it  is 
significant  that  the  only  other  series  of  salts  in 
which  this  isomerism  has  been  detected  is  one 
derived  from  sulphurous  acid,  a substance 
resembling  hydrocyanic  acid  in  giving  rise  to 
organic  isomeric  derivatives  which  are  structur- 
ally dissimilar. 

The  diazo-  sulphonates,  prepared  by  adding 
potassium  sulphite  to  aqueous  solutions  of 
benzenoid  diazonium  chlorides,  frequently  exist 
in  two  differently  coloured  modifications,  but  in 
most  cases  the  syn-  isomeride  is  too  unstable  to 
be  isolated  in  a pure  state. 

Potassium  syn-2;4-diiodobenzenediazosulpho- 
nate  (I.)  is  an  orange  substance,  whilst  the  anti- 
salt  (II.)  is  yellow  : 

CeHaU-N  CeH3l,-N 

il  11 

KSOg-N  N-SOgK 

I.  II. 

The  diazotised  naphthylamines  behave  ex- 
ceptionally, yielding  only  syw-diazosulphonates, 
which,  on  warming  pass,  not  into  their  anti- 
isomerides,  but  into  the  corresponding  azo- 
naphthalenes (Ber.  1897,  30,  71). 

The  syn-  and  anti-  modifications  of  potassium 
benzenediazosulphonate  Cglig'NiN-SOaK,  were 
found  by  Dobbie  and  Tinkler  {l.c.)  to  have 
identical  ultra-violet  absorption  spectra.  This 
fact  supports  the  stereochemical  theory  of  their 
structures  {cf.  Ber.  1894,  27,  1726,  2099,  2586, 
2930,  3527  ; 1895,  28,  242,  447,  834,  861  ; J.  pr. 
Chem.  1894,  fii.]  50,  239  ; Meyer  and  Jacobsen, 
[.ehrbuch  der  Org.  Chem.  ii.  303). 

VIII.  Aliphatic  Diazo-  Compounds. 

The  amines  of  the  aliphatic  series,  when 
treated  with  nitrous  acid,  generally  lose  their 
basic  nitrogen,  the  amino-  group  becoming  re- 
placed by  hydroxyl.  In  some  cases,  however, 
the  nitrogen  is  retained  and  an  aliphatic  diazo- 
compound is  produced,  having  the  general 

formula  RHUy  1|  with  the  azo-  group  attached 
\N 

entirely  to  the  same  carbon  atom. 

An  alternative  formulation  has  been  sug- 
gested for  the  aliphatic  diazo-  compounds  in 
which  one  nitrogen  is  quinquevalent,  so  that 


the  general  formula  becomes  :^C:N : N (Thiele, 
Ber.  1911,  44,  2522;  Forster  and  Cardwell, 
Chem.  Soc.  Trans.  1913,  103,  861;  cf.  Ber.  1912, 
45,  1654;  1916,  49,  1884. 

Although  glycine  is  converted  by  nitrous 
acid  or  alkyl  nitrites  into  glycolhc  acid,  yet  its 
ethyl  ester  gives  rise  to  ethyl  diazoacetate 
N2:CH-C02*C2H5,  a yellow  liquid  freezing  at 
24^  and  boiling  at  143°- 144  772  mm.  (Curtius, 
Ber.  1883,  16,  2230). 

One  Idlogram  of  ethyl  aminoacetate  hydro- 
chloride and  750  grams  of  sodium  nitrite  are 
added  successively  to  2 litres  of  water  containing 
5 grams  of  sodium  acetate.  The  mixture  is 
shaken  until  the  temperature  falls  to  0°  ; 5 c.c. 
of  10  p.c.  sulphuric  acid  and  500  c.c.  of  ether  are 
added  and  the  liquids  thoroughly  agitated.  The 
ethereal  layer  is  separated  and  the  treatment  with 
dilute  acid  and  ether  repeated  until  red  fumes 
are  evolved.  The  ethereal  extracts  are  washed 
with  dilute  aqueous  sodium  carbonate  till 
alkaline,  dried  with  calcium  chloride,  and  the 
solvent  removed  on  the  water-bath.  The  yield 
of  ethyl  diazoacetate  is  94*7  p.c.  of  the  calculated 
quantity  (Silberrad,  Chem.  Soc.  Trans.  1902,  81, 
600). 

With  iodine,  ethyl  diazoacetate  yields 
diiodoacetic  acid,  and  with  aldehydes  it  con- 
denses to  form  ketonic  esters  : 

R-CH0-fN2:CH-C02*C,H5 

R-C0-CH2-C02C2H3 

One  of  the  most  remarkable  reactions  of  this 
diazo-  ester  is  its  condensation  with  benzene  and 
its  homologues,  giving  rise  to  a series  of  esters 
containing  seven-membered  hydrocarbon  rings 
(Bucherer,  Ber.  1896-1903,  29,  106  ; 30,  632, 
1949  ; 31,  399,  402,  2004,  2241,  2247  ; 32,  705  ; 
33,  184  ; 36,  3509  ; Annalen,  1908,  358,  1). 

Ethyl  diazoacetate,  when  heated  with  alkalis 
undergoes  a series  of  complex  polymeric  changes 
(Curtius,  Ber.  1885,  18,  1283  ; 1906,  39,  1383, 
3398,  4140  ; 1907,  40,  84,  815,  1176,  1194,  1470  ; 
1908,  41,  3116,  3140,  3161  ; J.  pr.  Chem.  1888, 
[2]  38,  408  ; Hantzsch,  Ber.  1900,  33,  58  ; cf. 
Chem.  Soc.  Trans.  1902,  81,  598). 

Diazo-  derivatives  are  not  obtained  from 
free  a-amino-carboxylic  acids,  and  only  from 
those  amino-esters  of  aliphatic  acids  containing 
the  amino-  group  in  the  a-position  with  respect 
to  alkylated  carboxyl  group.  The  esters  of 
those  polypeptides  which  contain  the  amino- 
group  in  the  a-position  to  a carboxyl-  group  can 
also  be  transformed  into  diazo-  derivatives. 

NH2-CH2-C0-NH-CH2'C02Et 

N2:CH-C0-NH-CH2-C02Et 

The  a-aminoketones  {e.g.  a-amirioacetophenone 
CgHg-CO'CH2*NIl2)  give  diazo-  compounds  (Ber. 
1904,  37,  2080),  and  so  also  do  certain  uric  acid 
compounds,  e.g.  aminomethyluracil. 

Diazomethane  CH2<^?,  or  CHgtNiN,  the 

simplest  aliphatic  diazo-  compound,  is  prepared 
by  adding  methyl- alcoholic  potassium  hydroxide 
to  an  ethereal  solution  of  nitrosomethylurethane 

C2H5-0-C0-N(CH3)-N0 

and  distilling  the  mixture  on  the  water-bath, 
when  the  distillate  consists  of  an  ethereal  solu- 
tion of  the  diazo-  compound,  the  yield  being 
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50  p.c.  of  the  calculated  quantity.  This  sub- 
stance is  also  produced  by  the  action  of  hydroxyl- 
amine  on  dichloromethylamine 

CH3-NCl2  + H2N0H=CH2:N2  + H20+2HCl 

Diazomethane  is  a poisonous  yellow  gas 
condensing  in  snow  and  calcium  chloride  to  a 
yellow  liquid  boiling  below  0°.  It  is  a powerful 
methylating  agent,  converting  hydroxyl  groups 
into  methoxyl,  and  alkylating  primary  and 
secondary  bases.  With  iodine,  diazomethane 
gives  nitrogen  and  methylene  iodide,  and  alde- 
hydes are  converted  into  methyl  ketones  (c/. 
Monatsh.  1905,  26,  1295,  1311  ; Ber.  1907,  40, 
479  ; 1908,  41,  3199  ; 1909,  42,  2559  ; Chem. 
Soc.  Trans.  1908,  93,  242). 

Diazomethane  combines  additively  with  un- 
saturated compounds  ; with  acetylene  it  gives 
jjyrazole  (Ber.  1898,  31,  2910),  and  with  ethyl 
fumarate  it  furnishes  ethyl  pyrazolinecar- 
boxylate. 

Diazoethane  CHg-CH  : Ng  and  phenyldiazo- 
methane  CgH5'CH;N2  have  both  been  prepared 
(Ber.  1902,  35,  897).  The  former  closely  re- 
sembles diazomethane,  the  latter  is  a dark-red 
oil. 

Substitution  increases  considerably  the 
colour  of  these  diazo-  derivatives : dimethyl- 
diazomethane  C(CH3)2:N2  is  red  and  diphenyl- 
diazomethane  is  obtained  in  bluish  red  needles 
melting  at  20°  (Staudinger,  Ber.  1916,49, 1884). 

Diazomethane  should  not  be  confused  with 
azoniethane  CH3-N:H‘CH3,  the  simplest  azo- 
compound which  is  produced  by  oxidising 
symmetrical  dimethylhydrazine  (hydrazome- 
thane)  with  chromic  acid  (Thiele,  Ber,  1909,  42, 
2575).  Azomethane  is  a colourless  gas  con- 
densing to  a pale  yellow  liquid  (b.p.  1*5°). 

Diazomethanedisulphonic  acid,  a note- 
worthy example  of  an  aliphatic  diazo-compound, 
results  from  the  interaction  of  potassium  cyanide 
and  potassium  bisulphite  in  presence  of  caustic 
potash.  The  solution,  acidified  and  treated  with 
nitrous  acid,  yields  successively  aminomethane- 
disulphonic  acid  and  the  diazo-  compound. 
Sulphurous  acid  and  diazomethanedisulphonic 
acid  yield  an  additive  compound  which,  on 
boiling,  furnishes  hydrazine  (V.  Pechmann,  Ber. 
1895,  28,  2374  ; 1896,  29,  2161). 

Diazoacetone  CH3'COCH:N2,  a pale  yellow 
lic|uid,  is  obtained  from  aminoacetylacetone  by 
converting  this  base  into  diazoacetylacetone 
anhydride  and  treating  this  product  with 
aqueous  caustic  alkali  (Wolff,  Annalen,  1912, 
394,  23). 

Metallic  diazo-  derivatives  of  the  aliphatic 
series  are  produced  by  treating  nitrosoalkyl 
urethanes  with  concentrated  caustic  potash  solu- 
tion or  ethereal  potassium  ethoxide.  Potassium 
methyldiazo-oxide  CH3-N:B  0K,H20  separates 
in  white  crystals,  when  nitrosomethylurethane 
is  added  to  concentrated  aqueous  caustic  potash 
at  0°.  Potassium  benzyldiazo- oxide 
C6H5-CH2'N:N0K,H20 

is  similarly  prepared  from  nitrosobenzylurethane. 
These  metallic  derivatives  are  very  unstable  ; 
they  are  decomposed  by  water  with  explosive 
violence,  yielding  respectively  diazomethane 
and  phenyldiazomethane  (Hantzsch  and  Leh- 
mann, Ber.  1902,  35,  897). 

Bihliogra'phy. — Hantzsch,  Die  Diazoverbin- 
dungen,  Ahren’s  Sammlung,  1902 ; Morgan, 


Our  Present  Knowledge  of  Aromatic  Diazo- 
Compounds,  Brit.  Assoc.  Report,  1902  ; Eibner, 
Zur  Geschichte  der  Aromatischen  Diazoverbin- 
dungen,  1903  ; Cain,  The  Chemistry  and  Tech- 
nology of  the  Diazo-  Compounds,  1920. 
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DIAZOAMINOMETHANE  f.  Diazo-  com- 


pounds. 

DIAZOANTHRANILIC  ACID  v.  Diazo- 


compounds. 

DIAZOBENZENE,  Benzmecliazonium  {v. 
Diazo-  compounds). 

DIAZOBENZENE  SULPHONIC  ACID  v. 

Diazo-  compounds. 

DIAZOIMIDES,  DIAZOIMINES  v.  Diazo- 
compounds. 

DIAZOMETHANE  v.  Diazo-  compounds. 

DIAZURINE  V.  Azo-  colouring  matters. 

DIBASIC  ACIDS.  Oxalic  acid  series.  A 
numerous  and  important  group  of  acids,  having 
the  general  formula  CwHgw  — 204-  The  lowest 
member  of  the  series  is  oxalic  acid  C2H2O4,  and 
the  highest  member  at  present  known,  dicetyl- 
adipic  acid  C3gH7404.  As  the  radical  CnHgw  is 
capable  of  existing  in  a variety  of  ways,  it 
follows  that  these  acids  may  exist  in  many 
isomeric  forms.  Unlike  the  fatty  acids,  the 
lowest  members  of  the  oxalic  acid  series  are 
solids. 

The  naturally  occurring  acids  exist  partly 
free  and  partly  as  salts  or  esters.  Thus  oxalic 
acid  occurs  chiefly  as  the  potassium  salt  in 
different  varieties  of  Oxalis  and  Rumex  ; malonic 
acid,  as  the  calcium  salt,  is  found  in  the  sugar 
beet ; succinic  acid  in  amber,  certain  varieties  of 
lignite,  resins,  turpentine  oils,  and  animal  fluids  ; 
rocellic  acid  in  Rocella  tinctoria  (D.  C.).  Other 
members  of  this  series  are  obtained  by  the  oxida- 
tion of  naturally  occurring  substances.  Thus 
suberic  acid  is  obtained  by  boiling  cork  with  nitric 
acid ; azelaic  acid  by  the  oxidation  of  castor 
oil ; adipic  acid  by  the  oxidation  of  suet  or 
tallow,  whilst  homologues  of  succinic,  glutaric 
and  adipic  acids  are  frequently  obtained  in  the 
oxidation  of  derivafiv(!S  of  the  terpene  compounds. 
The  higher  members  of  the  series  are  prepared 
by  the  oxidation  of  members  of  the  fatty  acid 
series. 

General  methods  of  preparation. 

(1)  By  the  oxidation  of  the  diprimary 
glycols,  primary  hydroxyaldehydes,  dialde- 
hydes,  primary  hydroxy-  acids,  or  aldehyde- 
acids  ; e.g.  glycol,  glycollic  acid,  glyoxal,  or 
glyoxylic  acid  — > oxalic  acid. 

(2)  By  the  oxidation  of  the  fatty  acids  or 
of  acids  of  the  oleic  acid  series  ; e.g.  erucic  acid 
—>  brassylic  acid. 

(3)  By  the  reduction  of  unsaturated  di- 
carboxylic  acids  ; e.g.  fumaric  acid  — > succinic 
acid. 

(4)  By  the  action  of  silver  (powder)  on  mono- 
iodo-  (or  bromo)-  fatty  acids;  e.g.  y8-iodopropionic 
acid  adipic  acid. 

Exception. — The  reaction  is  abnormal  when 
a-bromz5obutyric  acid  is  used,  di-  and  tri-  alkyl- 
glutaric  acids  being  produced. 

(5)  By  the  conversion  of  monohalogen, 
substituted  fatty  acids  or  of  the  halogen  addition 
products  of  the  alkylenes  CnHow  into  cyan- 
derivatives  and  saponification  of  the  latter ; 
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e.g.  cyanacetic  acid  — > malonic  acid  ; ethylene 
dicyanide  adipic  acid. 

(6)  By  the  replacement  of  the  hydrogen 
atoms  of  the  CH^  group  in  the  malonic  esters  by 
various  alkyl-  groups  ; e.g.  sodium  malonic  ester 
and  methyl  iodide  ^.so-succinic  ester. 

(7)  By  the  electrolysis  of  concentrated 
solutions  of  potassium  alkyl  salts  of  the  di- 
carboxylic  acids  ; e.g.  potassium  ethyl  malonate 
— >diethyl  succinate. 

(8)  By  the  introduction  of  acid  residues  into 
the  acetoacetic  esters,  and  decomposition  of  the 
product  with  alkali ; e.g.  acetosuccinic  ester  — > 
succinic  acid. 

(9)  By  the  decomposition  of  tricarboxylic 
acids  containing  two  carboxyl-  groups  attached 
to  the  same  carbon  atom ; e.g.  ethanetri- 
carboxyhc  acid  succinic  acid. 

The  acids  of  this  series  behave  differently 
on  the  application  of  heat,  depending  upon  the 
position  of  the  carboxylic  groups.  Oxalic  acid, 
the  first  member  of  the  series,  breaks  down  on 
heating  mostly  into  carbon  dioxide,  carbon 
monoxide,  and  water,  and  partly  into  carbon 
dioxide  and  formic  acid.  This  latter  decom- 
position is  typical  of  those  homologues  of  oxalic 
acid  in  which  the  two  carboxyl-  groups  are 
attached  to.  the  same  carbon  atom ; they  are 
the  )8-dicarboxylic  acids,  and  of  these  malonic 
acid  is  the  type.  On  application  of  heat, 
malonic  acid  splits  into  acetic  acid  and  carbon 
dioxide.  The  next  class,  the  y-dicarboxylic 
acids,  in  which  the  two  carboxyl-  groups  are 
attached  to  adjacent  carbon  atoms,  when 
heated,  lose  a molecule  of  water  and  pass  into 
anhydrides.  Succinic  acid  is  the  type  of  these 
acids.  Acids,  such  as  glutaric  acid,  in  which 
the  carboxyl-  groups  are  attached  to  two  carbon 
atoms  separated  by  a third,  behave  similarly  to 
the  7-dicarboxylic  acids,  but  form  anhydrides 
less  readily.  When  the  carbon  atoms  to  which 
the  carboxyl-  groups  are  attached  are  separated 
by  two  carbon  atoms,  e.g.  adipic  acid,  they  do 
not  influence  one  another  on  the  application  of 
heat.  For  these  reasons,  the  paraffin  dicar- 
boxylic  acids  are  arranged  in  different  groups, 
the  general  properties  of  which  will  be  discussed 
under  Malonic  acid,  Succinic  acid,  and  Glu- 
TAE.IC  ACID,  which  are  types  of  the  several 
groups  mentioned  above. 

(For  melting-points  of  the  dibasic  acids,  v. 
Massol,  Bull.  Soc.  chim.  13]  21,  578;  melting- 
points  of  their  esters , v.  Schneider,  Zeitsch. 
physikal.  Chem.  22,  228 ; electrical  conduc- 
tivity of  the  acids,  v.  Walden,  ibid.  8,  448 ; 
volatility  in  steam,  v.  Auwers,  Annalen,  292, 
159.) 

DIBENZIL  V.  Ketones. 

DI-fso-BUTYLACETIC  ACID  Decatoic 

ACIDS. 

2 6 DI  wo-BUTYLPIMELIC  ACID 

CH2[CH2-CH(C4H9)-C02H]2 

Prepared  by  heating  l-5-di-7so-butylpentane- 
tetracarboxylic  acid  at  200°-220°  (Perkin  and 
Prentice,  Chem.  Soc.  Trans.  1891,  842) ; m.p. 
82°-84°. 

DICENTRINE  C20H21O4N  occurs  with  pro- 
topine in  Dicentra  pusilla  (Sieb.  and  Zucc.)  and 
possibly  in  D.  formosa  (Walp.).  Prismatic  crys- 
tals, m.p.  168°-169°,  [aljj-|-62°  in  chloroform. 
Salts  crystalline  (Heyl,  Arch.  Pharm.  1903,  241 


313 ; Asahina,  ibid.  1909,  247,  201).  Pro- 
duces slight  narcosis  (Iwakawa,  Arch.  expt. 
Path,  Pharm.  1911,  64,  369).  Gadamer  has 
stated  (Arch.  Pharm.  1911,  249,  680)  that  dicen- 
trine  resembles  glaucine  in  its  properties,  and 
suggests  that  it  is  glaucine  in  which  the  two 
— OMe  groups  in  positions  6 and  6 are  replaced 
by  a dioxymethylene  group, 

DICETYLADIPIC  ACID  C3gH7404.  Pre- 
pared by  heating  dicetylbutanetetracarboxylic 
acid  to  205°  (Lean,  Chem.  Soc.  Trans.  1894, 
1016).  Two  isomerides  are  thus  produced,  which 
may  be  separated  by  crystallisation  from 
alcohol,  a-acid,  m.p.  42°-43° ; /3-acid,  m.p. 
32°-34°. 

DICETYLIC  ACID  CH(Ci6H32)2COOH  is 
obtained  by  heating  dicetylmalonic  acid ; m.p. 
69°-70°  (Guthzeit,  Annalen,  206,  365) 

DICETYLMALONIC  ACID 


(Ci6H33)2C(C02H)2 

The  ethyl  ester  is  formed  by  treating  diethyl- 
malonic  ester  with  sodium  methoxide  and  cetyl 
iodide  ; the  ester  is  decomposed  with  a concen- 
trated solution  of  caustic  potash  ; m.p.  86°-87° 
(Guthzeit,  Annalen,  206,  362). 

DICHLORAMINET.  Toluene-p-sulphone  di- 
chloramine. 


2 : 5-DICHLOROANILINE 


Cl 


\ 


Cl 


Prepared  by  reducing  2 : 5-dichloronitrobenzene 
with  iron  and  hydrochloric  acid ; m.p.  50° ; 
b.p,  246°/744  mm.  Used  in  making  the  chlor- 
amine dyes. 

2 ; 5 - DICHLORO ANILINE  - 4 - SULPHONIC 

ACID  Cl(^^^ ^Cl.  Made  by  sulphonating 

SO3H 

2 : 5-dichloroaniline.  Soluble  in  hot  water. 
Sodium  salt  with  5 molecules  H2O  readily 
soluble  (Noelting  and  Kopp,  Ber.  1905,  38, 
3513). 

1 : 5-DICHLOROANTHRAQUINONE 

CO  Cl 


✓ 


n 


Cl  00 


is  obtained  by  boiling  an  aqueous  solution  of 
alkali  anthraquinone-1  : 5-disulphonate  with  hy- 
drochloric acid  and  sodium  chlorate  (Ullmann 
and  Knecht,  Ber.  1911,  44,  3125;  Farbenfab. 
vorm.  F,  Bayer  & Co.,  D.  B.  P.  205195).  Also 
by  suspending  1 : 5-diaminoanthraquinone  in 
hydrochloric  acid,  diazotising  at  5°-10°,  and 
treating  the  solution  with  cuprous  chloride  dis- 
solved in  hydrochloric  acid  {idem.  U.  R.  P. 
131538).  Citron-yellow  needles,  readily  soluble 
in  hot  toluene,  sparingly  soluble  in  alcohol ; 
m.p.  251°.  Used  in  making  indanthrene  violet 
{q.v.  art.  Indanthrene). 

3 : 3 -DICHLOROBENZIDINE  ^ 

Cl  Cl 


Prepared  by  chlorinating  a sulphuric  acid  solu- 
tion of  diacetyl  benzidine  (made  by  boiling 
benzidine  with  glacial  acetic  acid)  with  bleaching 
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powder  or  sodium  hypochlorite  solution,  filtering, 
adding  hydrochloric  acid,  and  hydrolysing  the 
product  (Levinstein,  Eng.  Pat.  25725,  1896). 
May  also  be  obtained  by  reducing  o-chloro- 
nitrobenzene  in  an  alkaline  solution  by  means 
of  zinc  dust  (c/.  Cohn,  Ber.  1900,  33,  35ol). 

DICHLOROCARBAMIDE  Hydrazines. 

DICHLOROPHTHALIC  ACIDS  t;.  Phthalic 

ACID. 

2'  : 5 -DICHLORO-4'-SULPHO-l-PHENYL  3- 
METHYL-5-PYRAZ0L0NE.  Prepared  by  con- 
densing ethyl  acetoacetate  with  2 : 5-dichloro- 
phenylhydrazine-4-sulphonic  acid  (D.  R.  P. 
222405).  Used  in  making  Xylene  yellow  {see 
Pyrazolone  colouring  matters). 

DICHROITE  t;.  Iolite. 

DICYANDIAMIDE,  Cyanoguanidine 

NH2(NH:)C-NHC:N 

Obtained  by  the  polymerisation  of  cyanamide 
in  aqueous  solution  on  long  standing  or  on 
warming,  especially  after  addition  of  a drop  of 
ammonia  (Beilstein  and  Geuther,  Annalen,  108, 
99  ; 123,  241  ; Haag,  ibid.  122,  22)  ; by  treating 
thiourea  with  mercuric  aniline  (Montecchi,  Gazz. 
chim.  ital.  28,  ii.  434).  Prepared  by  heating 
ammonium  sulphate  and  sodium  cyanamide  on 
the  water- bath ; cyanamide  separates  as  a 
yellow  oil,  which,  after  some  hours,  with  frequent 
shaking,  changes  into  dicyandiamide  (Hermann, 
Monatsii.  1905,  1025).  Soil  and  Stutzer  (Ber. 
1908,  4534)  make  crude  calcium  nitride  into  a 
paste  with  water  and  heat  to  boiling.  The  hot 
liquid  is  filtered  by  suction,  and  dicyandiamide 
separates  out  from  the  filtrate.  Crystallises  in 
needles  ; m.p.  205°  (Pohl,  J.  pr.  Chem.  77,  [2] 
533).  By  warming  with  dilute  acids,  it  is  trans- 
formed into  dicyandiamidine  {guanyl  urea) 
NH2(NH:)C-NH-C0-NH2.  It  is  used  in  quanti- 
tative analysis  to  separate  nickel  from  cobalt. 
The  solution  containing  nickel  and  cobalt  is 
made  alkaline,  and  to  it  is  added  a small  quantity 
of  sugar  solution.  To  this  is  added  dicyandi- 
amidine sulphate  (prepared  by  dissolving  di- 
cyandiamide in  dilute  sulphuric  acid),  vdiereby 
the  nickel  salt  of  dicyandiamidine  is  precipi- 
tated, the  cobalt  remaining  in  solution.  The 
precipitate  is  filtered  through  a Gooch  crucible, 
dried  at  115°-160°,  and  weighed  as  anhydrous 
nickel  dicyandiamidine  Ni(C2H5N40)2  (Gross- 
mann  and  Schiick,  Analyst,  1910,  247  ; 1909, 
455 ; 1907,  273,  394).  Dicyandiamide  is  re- 

duced by  zinc  and  dilute  hydrochloric  acid  at 
the  ordinary  temperatures  to  methylaniine  and 
guanidine,  the  methylamine  being  formed  by  the 
reduction  of  the  prussic  acid  first  produced 
(Bamberger  and  Seeberger,  Ber.  1893,  1583)  ; 
a mixture  of  nitric  and  sulphuric  acids  converts 
it  into  nitrodicyanodiamidine  (Thiele  and 
Uhlf elder,  Annalen,  303,  107)  ; it  condenses 
with  dialkylcyanacetic  or  malonic  esters  yielding 
pyrimidine  derivatives  ; thus  with  diethylcyan- 
acetic  ester  a condensation  product  is  obtained 
which  yields  diethylbarbituric  acid  on  treatment 
with  sulphuric  acid  (Bayer  & Co.,  D.  R.  P. 
165223  ; Chem.  Zentr.  1906,  i.  514).  All  manures 
containing  calcium  cyanamide  contain  also 
dicj^andiamide,  formed  by  the  spontaneous 
polymerisation  of  the  calcium  cyanamide  ; it  is 
not  poisonous  to  plants  if  not  used  in  too  large 
quantities  (Perotti,  Atti.  R.  Accad.  Lincei,  15,  i. 
48  ; Chem.  Zentr.  1909,  i.  1497  ; Inouye,  J.  Soc. 


Chem.  Ind.  1909,  1054  ; Aso,  ibid.).  The  Cyanide- 
Gesellschaft  (Chem.  Zentr.  1904,  ii.  1079  ; D.R.P. 
154505)  treat  calcium  carbide  or  a carbide- 
forming mixture  with  nitrogen,  lixiviate  the 
ma^s  with  water,  and  use  the  product,  which 
contains  calcium  cyanamide,  chcyandiamide, 
&c.,  as  a manure  (v.  also  Prank,  Zeitsch.  angew. 
Chem.  19,  835).  The  constitution  of  dicyandi- 
amide is  regarded  as  NH2(NH:)C‘NH-C:N  or  the 
tautomeride  (NH2)2C:N.C ‘N  (Bamberger,  Ber. 
1883,  1459  ; 1891,  899  ; Biltz,  J.  pr.  Chem.  77, 
[ii.]  533  ; Prianichnikov,  J.  Soc.  Chem.  Ind.  1909, 
724). 

DIDYMIN  V.  Synthetic  drugs. 

DIDYMIUM  V.  Praseodymium  and  Neo- 
dymium. 

DIETHYLACETIC  ACID.  Pseudo- caproic 
acid  (v.  Caproic  acid). 

DIETHYLALLOXAN  v.  Alloxan. 

DIETHYLAMINE  v.  under  Ethyiamines,  art. 
£1thyIj 

p-DIETHYLAMINOBENZOIC  ACID 

Prepared  by  the  action  of  carbonyl  chloride  on 
diethylaniline  or  by  ethylating  p-aminobenzoic 
acid ; m.p.  188°. 

DIETHYL-m-AMINOPHENOL 

0^ 

Formed  by  heating  m-aminophenol  hydrochloride 
with  ethyl  alcohol  under  pressure  (Bad.  Anil, 
und  Soda  Fabrik,  D.  R.  P.  44002)  ; by  heating 
resorcinol  with  diethylamine  (Leonhardt  & Co., 
D.  R.  P.  49060) ; by  alkali  fusion  of  diethyl- 
aniline-m-sulphonic  acid  (Soc.  Chem.  Ind.  Basle, 
D.  R.  P.  44792).  For  details  of  the  last-named 
process  as  used  on  the  large  scale,  see  Cain, 
Intermediate  Products  for  Dyes ; m.p.  78° ; 
b.p.  201°/25  mm.  Used  in  the  manufacture  of 
rhodamine  B. 

DIETHYLANILINE  <(^^~\n(C2H^).,.  Ob- 
tained by  heating  aniline  hydrochloride  with 
ethyl  alcohol  under  pressure ; or,  better,  by 
heating  aniline  hydrobromide  with  ethyl  alcohol 
at  145°-150°  (Stadel,  D.  R.  P.  21241),  or  by 
treating  aniline  with  ethyl  alcohol  in  presence  of 
iodine  at  235°  (Knoll  & Co.,  D.  R.  P.  250236) ; 
m.p.  -38d°;  b.p.  216-5°;  sp.gr.  0 930  at  18°. 
DIETHYLANILINE  m-SULPHONIC  ACID 

S^ali 

Is  prepared  by  acting  on  diethylaniline  with 
fuming  sulphuric  acid. 

DIETHYL  DIACETO  SUCCINATE  r;.  Ketones. 

DIETHYL  OXALACETATE  v.  Ketones. 

DIETHYLSAFRANIN  ? . Azines. 

DIETZEITE.  A double  iodate  and  chromate 
of  calcium  crystallising  in  the  monoclinic  sys- 
tem, discovered  in  1891  in  the  sodium  nitrate 
deposits  of  Atacama,  Chile.  Analyses  lead  to 
the  formula  7Ca(I03)2’8CaCr04,  but  the  simple 
double  salt  formula  Ca(I03)2'CaCr04  appears 
more  probable.  Distinct  crystals  are  rare,  the 
mineral  usually  forming  crystalline  fibrous 
aggregates  of  a dark  gold-yellow  colour.  Sp.gr. 
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3‘698.  Ifc  is  soluble  in  hot  water;  on  cooling 
crystals  of  hydrated  calcium  iodate  (Ca(I03)2  + 
6H2O)  separate,  leaving  the  calcium  chromate  in 
solution.  The  simple  calcium  iodate  (Ca(I03)2) 
called  lautarite  occurs  in  the  same  deposits, 

L.  J.  S. 

DIFFUSION.  In  any  gaseous  mixture  or 
liquid  solution,  even  when  protected  from 
mechanical  disturbances  and  kept  at  a uniform 
temperature  throughout,  the  composition  ulti- 
mately becomes  the  same  at  all  points,  whatever 
the  original  distribution  of  the  gaseous  or  dis- 
solved substances  may  have  been.  The  process 
by  which  this  condition  is  reached  is  termed 
‘ diffusion,’  and  it  depends,  not  on  the  circulation 
of  the  unequally  distributed  substances  as  a 
whole,  but  on  molecular  movement.  According 
to  the  kinetic  theory,  a mass  of  gas  which,  as  a 
whole,  is  at  rest,  is  yet  the  scene  of  great  activity 
on  the  part  of  the  constituent  molecules.  These 
are  endowed  with  a high  velocity,  and  alter  the 
direction  of  their  motion  only  when  they  collide 
with  one  another  or  with  the  walls  of  the  con- 
taining vessel.  If  this  point  of  view  is  adopted, 
then  the  occurrence  of  diffusion  in  a mixture  of 
irregularly  distributed  gases  becomes  intelligible. 
There  are,  moreover,  many  experimental  grounds 
for  extending  the  kinetic  theory  to  the  liquid 
state,  and  for  the  view  that  the  molecules  of  a 
liquid  also  are  in  a state  of  constant  motion. 
With  this  conception  the  phenomenon  of 
diffusion  of  a dissolved  substance  is  obviously  in 
harmony. 

Diffusion  of  Gases. 

When  two  vessels  containing  different  gases 
at  the  same  temperature  and  pressure  are  put 
into  free  communication,  each  gas  penetrates 
the  other  untd  its  partial  pressure  is  uniform  in 
both  vessels.  The  experimental  investigation 
of  this  phenomenon  on  quantitative  lines  is  not 
easy,  but  it  appears  to  be  well  established  that 
the  diffusion  coefficient  of  each  sas  varies  from 
point  to  point  of  the  diffusion  system  (,see 
Loschmidt,  Sitzungsber.  Akad.  Wiss.  Wien, 
1870,  61,  367  ; 1870,  62,  468  ; von  Obermayer, 
ibid.  1880,  81,  1102;  1882,  85,  147,  748;  1883, 
87,  188  ; 1887,  96,  546  ; Waitz,  Ann.  Physik, 
1882,  17,  201,  351  ; Lonius,  ibid,  1909,  29,  664). 

When  the  concentration  of  a gas  is  main- 
tained constant  at  one  point  of  a gas  system  and 
zero  at  another  point,  a static  condition  of  affairs 
is  established  analogous  to  what  is  observed 
when  one  end  of  a metal  bar  is  kept  at  a high 
temperature  and  the  other  end  at  a low  tem- 
perature. If,  for  instance,  a tall  cylinder, 
communicating  freely  with  the  atmosphere, 
contains  at  the  bottom  a layer  of  caustic  alkali, 
there  is  a regular  concentration  gradient  from 
the  top  downwards,  the  carbon  dioxide  being 
completely  absorbed  at  the  surface  of  the  alkali. 
Provided  the  concentration  difference  between 
the  top  and  bottom  of  the  cylinder  is  maintained 
constant,  a steady  condition  of  diffusion  is 
attained,  and  the  rate  of  flow  of  the  carbon 
dioxide,  as  deduced  from  the  amount  absorbed 
by  the  alkali,  is  inversely  proportional  to  the 
length  of  the  diffusion  column  {see  Brown  and 
Escombe,  Phil.  Trans.  B,  1900,  193,  223  ; also 
Winkelmann,  Ann.  Physik,  1884,  22,  1,  152). 

Much  attention  has  been  devoted  to  the 
[dienomenon  of  diffusion  across  porous  dia- 


phragms, through  capillary  tubes,  and  from 
narrow  apertures.  Graham  showed  {see  Chemi- 
cal and  Physical  Researches,  p.  44)  that  the 
exchange  of  two  gases  across  a porous  dia- 
phragm, the  pressure  on  the  two  sides  remaining 
the  same,  takes  place  in  such  a way  that  the 
volumes  of  the  gases  diffused  in  a given  time  are 
inversely  proportional  to  the  square  roots  of 
their  densities.  This  observation  is  of  very 
great  interest  in  connection  with  the  kinetic 
theory,  from  the  assumptions  of  which  it  follows 
that  the  mean  velocity  of  the  molecules  of  a gas 
is  inversely  proportional  to  the  square  root  of  its 
density.  Graham’s  law  is  not  accurate  except 
when  the  diaphragm  is  extremely  thin,  but  it  is 
nevertheless  the  basis  of  a method  for  separating 
two  gases  of  different  densities.  Thus,  for 
instance,  when  a mixture  of  hydrogen  and 
oxygen  in  the  proportion  of  2 : 1 by  volume  is 
passed  at  a suitable  rate  through  a train  of  clay- 
pipe  stems,  the  gas  collected  at  the  further  end 
will  ignite  a glowing  splint.  By  experiments  of 
this  £nd  it  was  shown  that  atmospheric  nitrogen 
is  a mixture  of  at  least  two  gases  of  different 
density  {see  Rayleigh  and  Ramsay,  Phil.  Trans. 
1895,  186,  206).  The  operation  of  separating 
gases  by  this  method  is  termed  ‘ atmolysis.’ 

In  the  passage  of  a gas  through  a capillary 
tube — ‘ transpiration,’  as  it  is  sometimes  called— 
friction  generally  plays  a considerable  part,  but 
it  has  been  found  that  if  the  diameter  of  the  tube 
is  small  in  comparison  with  its  length  and  with 
the  mean  free  path  of  the  gas  molecules,  then  the 
quantity  of  gas  passing  through  a given  tube  in 
unit  time  is  inversely  proportional  to  the  square 
root  of  the  density  (Knudsen,  Ann.  Physik, 
1909,  28,  75). 

The  time  required  for  the  escape  or  ‘ effusion  ’ 
of  a given  volume  of  gas  through  a fine  aperture 
in  a thin  plate  into  a vacuum  is  approximately 
proportional  to  the  sc[uare  root  of  the  density  of 
the  gas.  The  thinner  the  plate  and  the  smaller 
the  aperture,  the  more  nearly  is  this  relationship 
fulfilled  {see  Graham,  Chemical  and  Physical 
Researches,  p.  88  ; Bunsen,  Gasometry,  p.  121  ; 
Timofeeff,  Zeitsch.  physikal.  Chem.  1890,  6, 
586 ; Donnan,  Phil.  Mag.  1900,  49,  423  ; 
Emich,  Monatsh.  1903,  24,  747  ; Knudsen,  Ann. 
Physik,  1909,  28,  999).  An  apparatus  for 
determining  the  relative  density  of  two  gases, 
based  on  this  principle,  has  been  described  by 
Bunsen  {l.c.)  {v.  Specific  geavity). 

The  passage  of  a gas  across  a diaphragm 
takes  place,  not  only  when  the  diaphragm  is 
porous  in  the  ordinary  sense,  but  also  when  it 
has  the  power  of  dissolving  or  absorbing  the  gas. 
Thus,  at  high  temperatures,  platinum  and 
palladium  absorb  considerable  quantities  of 
hydrogen,  and  this  gas  readily  diffuses  through 
the  walls  of  a vessel  made  of  either  metal. 
Winkelmann  (Ann.  Phvsik,  1901,  6,  104  ; 1902, 
8,  388  1905,  16,  773]  17,  589;  Richardson, 
Nicol  & Parnell,  Phil.  Mag.,  1901,  8,  1 ; 
Schmidt,  Ann.  Physik,  1904,  13,  747)  has 
shown  that  the  rate  of  diffusion  of  hydrogen 
through  glowing  platinum  or  palladium  is 
not,  as  might  be  expected,  proportional  to  the 
pressure  of  the  hydrogen ; at  lower  pressures 
the  gas  diffuses  relatively  more  rapidly. 
The  experimental  data  seem  to  indicate 
that  it  is  the  atoms,  not  the  molecules,  of 
hydrogen  which  can  pass  through  the  metal. 
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On  the  ability  of  hydrogen  and  the  inability  of 
other  gases  to  diffuse  through  heated  palladium, 
there  is  based  the  osmotic  cell  described  by 
Ramsay  (Phil,  Mag.  1894,  38,  206). 

The  rate  of  diffusion  of  gases  across  a layer 
of  water  or  aqueous  solution  depends  mainly  on 
the  solubility  and  the  density  of  the  gas.  Accord- 
ing to  Exner,  who  made  experiments  on  the 
diffusion  of  gases  across  a film  of  soap  solution, 
the  velocity  is,  cceteris  'paribus,  directly  pro- 
portional to  the  absorption  coefficient  of  the 
gas,  and  inversely  proportional  to  the  square 
root  of  its  density  (Exner,  Sitzungsber.  Akad. 
Wiss.  Wien,  1874,  70,  ii.  465  ; c/.  Muller,  Ann. 
Physik,  1891,  43,  554),  Other  workers,  who 
have  studied  the  diffusion  of  gases  through  a 
jelly,  through  a layer  of  water  supported  by  a 
plate  of  hydrophane,  or  through  a rubber 
membrane,  find  that  Exner’s  law  is  only  an 
approximate  statement  of  the  facts  {see  Wro- 
blewsky,  Pogg.  Ann.  1876,  158,  545 ; Ann. 
Physik,  1879,  8,  29  ; Hiifner,  Zeitsch.  physikal. 
Chem.  1898,  27,  227  ; Hagenbach,  Ann.  Physik, 
1898,  65,  673).  Except  for  oxygen,  the  diffusion 
sbefficients  of  gases  are  smaller  in  gelatine 
solution  than  in  pure  water. 

Diffusion  of  Dissolved  Substances. 

The  foundation  of  our  knowledge  of  this 
subject  was  laid  by  the  classical  experiments  of 
Thomas  Graham  (see  Chemical  and  Physical 
Researches,  pp.  444-600).  In  his  experiments, 
700  cub,  cm.  of  water  were  placed  in  a cylindrical 
jar,  and  then  100  cub.  cm.  of  the  solution  to  be 
diffused  were  carefully  conveyed  to  the  bottom 
of  the  jar  by  a pipette.  After  a suitable  time, 
portions  of  50  cub.  cm,  were  successively  drawn 
off ; these  portions  were  evaporated,  and  the 
amount  of  substance  that  had  diffused  into  each 
layer  was  thus  ascertained.  Graham’s  compa- 
rative experiments  on  the  diffusive  power  of 
different  substances  in  aqueous  solution  led 
him  to  draw  a distinction,  which  has  become  of 
the  highest  importance,  between  the  behaviour 
of  easily  crystallisable  substances,  and  that  of 
substances  which  are  marked  by  the  absence  of 
the  power  to  crystallise.  So  far  as  diffusibility 
is  concerned,  the  distinction  in  question  is  based 
on  the  following  figures,  representing  approxi- 
mate times  of  equal  diffusion : hydrochloric 
acid,  1 ; sodium  chloride,  2-3 ; sucrose,  7 ; 
magnesium  sulphate,  7 ; albumin,  49  ; caramel, 
98,  The  difference  in  diffusive  power  of  crystal- 
loids and  colloids  is  very  evident  from  these 
figures. 

The  significance  of  the  quantitative  results 
obtained  by  Graham  was  emphasised  by  Stefan 
(Sitzungsber.  Akad.  Wiss.  Wien,  1878,  78,  ii. 
957  ; 1879,  79,  ii.  161),  who  showed  that  they 
were  in  harmony  with  Pick’s  diffusion  law  ; that 
is,  the  diffusion  of  substances  in  aqueous  solution 
is  comparable  with  the  distribution  of  heat  in 
conductors.  Pick’s  law  is  expressed  algebrai- 

dc 

cally  by  the  formula  dS——kq^dt,  where  dS  is 

the  amount  of  substance  crossing  a section  of 
the  diffusion  column  in  time  dt,  the  sectional 
area  of  this  column  being  q sq.  cm.,  and  dcjdx 
being  the  concentration  gradient ; Ic  is  known 
as  the  ‘ diffusion  coefficient.’ 

The  diffusion  of  dissolved  substances,  notably 
electrolytes,  has  been  the  subject  of  repeated 


investigation,  but  the  method  employed  has  not 
differed  materially  from  that  of  Graham, 
described  above  (see  Scheffer,  Zeitsch.  physikal. 
Chem.  1888,  2,  390  ; Arrhenius,  ibid.  1892,  10, 
51;  Abegg,  ibid.  1893,  11,  248;  Euler,  Ann. 
Physik,  1897,  63,  273  ; Abegg  and  Bose, 
Zeitsch,  physikal.  Chem.  1899,  1,  17  ; Thovert, 
Compt,  rend.  1902, 134,  826  ; Graham,  Proc.  Roy. 
Soc.  1903,  72,  212  ; Oholm,  Zeitsch.  physikal. 
Chem,  1904,  50,  309).  The  general  result  of  these 
investigations  has  been  to  substantiate  the 
validity  of  Pick’s  law,  although  the  opposite 
opinion  also  has  been  expressed  (see  Wiedeburg, 
Zeitsch,  physikal.  Chem.  1892,  10,  509). 

Special  interest  has  attached  to  the  diffusion 
of  electrolytes  since  the  enunciation  of  Ar- 
rhenius’s dissociation  theory,  according  to  which 
the  ions  of  an  electrolyte  in  aqueous  solution 
are  to  be  regarded  in  many  respects  as  separate 
units.  The  researches  of  Kohlrausch  have 
proved  that  the  contribution  which  the  one  ion 
of  an  electrolyte  makes  to  the  equivalent  con- 
ductivity is  independent  of  the  other  ion  asso- 
ciated with  it,  and  Nernst  has  shown  that  the 
mobility  which  is  thus  characteristic  of  each  ion 
must  be  a determining  factor  in  the  diffusive 
power  of  any  electrolyte  of  which  the  ion  forms 
a part  (Zeitsch.  physikal.  Chem,  1888,  2,  613). 
He  has  further  deduced  a theoretical  relation- 
ship between  the  diffusion  coefficient  of  a binary 
electrolyte  and  the  conductivities  of  the  two 
ions,  and  the  values  of  the  diffusion  coefficient 
calculated  on  this  basis  are  in  good  agreement 
with  the  results  of  experimental  work. 

By  allowing  substances  to  diffuse  into  a jelly 
the  effects  of  convection  currents  and  mechanical 
disturbances  are  eliminated  and  the  difficulties 
attending  the  experimental  study  of  liquid 
diffusion  are  diminished.  The  rate  of  diffusion 
is,  at  most,  very  slightly  lower  in  a jelly  than  in 
water  at  the  same  temperature.  Experiments, 
in  which  the  ends  of  cylinders  of  agar-agar  jelly 
were  immersed  in  aqueous  solutions  of  various 
substances,  have  shown  that  the  total  amount  of 
substance  diffusing  into  the  jelly  is  proportional 
to  the  square  root  of  the  time  during  which 
diffusion  has  taken  place.  This  is  a result  in 
harmony  with  Pick’s  law  (see  Voigtlander, 
Zeitsch.  physikal.  Chem.  1889,  3,  316  ; cf. 
Chabry,  Journ.  de  Physique,  1888,  7,  115; 
Morse  and  Pierce,  Zeitsch.  physikal.  Chem.  1903, 
45,  589 ; Hausmann,  Zeitsch.  anorg.  Chem. 
1904,  40,  110). 

Experiments  have  been  made  also  on  the 
diffusion  of  various  electrolytes  and  non- 
electrolytes in  alcohol  (Kawalki,  Ann.  Physik, 
1894,  52,  166,  300  ; 1896,  59,  637),  of  various 
metals  in  mercury,  fused  lead,  &c.  (Meyer, 
ibid.  1897,  61,  225  ; 1898,  64,  752  ; Humphreys, 
Chem.  Soc.  Trans.  1896,  69,  243,  1679  ; Roberts- 
Austen,  Phil.  Trans.  1896,  187,  383 ; von 
Wogau,  Ann.  Physik,  1907,  23,  345),  and  of 
chlorine,  bromine,  and  iodine  in  some  organic 
solvents  (Euler,  Ann.  Physik,  1897,  63,  273 ; 
Walden,  Zeitsch.  Elektrochem.  1906,  12,  77). 
In  the  last-mentioned  connection,  Walden  has 
shown  that,  when  a given  halogen  is  considered, 
the  product  ‘ diffusion  coefficient  X viscosity  of 
solvent  ’ is  a constant,  independent  of  the 
nature  of  the  solvent.  The  value  of  the  product 
for  the  different  halogens  is  inversely  pro- 
I portional  to  the  square  root  of  the  molecular 
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weight  (c/.  Pissarjewsky  and  Karp,  Zeitsch. 
pliysikal.  Chem.  1908,  63,  257). 

The  different  rates  of  diffusion  found  by 
Graham  for  different  substances  suggested  to 
him  that  the  process  of  diffusion  might  be 
useful  in  separating  the  constituents  of  an 
aqueous  solution.  In  this  connection,  he  found 
that  the  difference  in  diffusive  power  between 
crystalloids  and  colloids,  referred  to  above,  was 
greatly  accentuated  by  the  interposition  of  a 
colloid  membrane  between  solution  and  solvent, 
and  the  method  of  separation  by  diffusion 
through  a septum  of  gelatinous  matter  he  termed 
‘ dialysis.’  A sheet  of  parchment  paper,  for 
instance,  is  tied  tightly  over  the  end  of  a cylin- 
drical or  bell-shaped  glass  vessel,  provided  with 
a flange,  and  into  the  receptacle  so  formed,  a 
‘ dialyser,’  as  it  is  called,  the  mixed  solution  of 
crystalloids  and  colloids  is  poured.  The  outside 
of  the  parchment  membrane  is  bathed  with 
water,  which  is  frequently  renewed,  and  the 
result  is  that  the  contents  of  the  dialyser,  after 
a few  days,  are  found  to  be  practically  free  from 
crystalloids.  Instead  of  the  apparatus  just 
described,  a sausage-skin  dialyser  may  be  em- 
ployed : the  parchment  tube  is  charged  with 
the  solution  of  crystalloid  and  colloid,  and  is 
hung  up  by  its  ends  in  a vessel  of  water. 

Collodion  may  be  used  as  a membrane 
instead  of  parchment,  and  it  is  obtainable  in 
any  desired  form  by  the  evaporation  of  the 
ordinary  collodion  solution  {see  Lillie,  Amer.  J. 
Physiol.  1907,  20,  127  ; Schryver,  Proc.  Physiol. 
Soc.  1908,  23). 

Dialysis  plays  a considerable  part  in  the 
technical  production  of  beet  sugar.  In  the 
diffusion  process  for  the  extraction  of  the  sugar, 
beet  cuttings  are  treated  with  hot  water.  Such 
treatment  kills  the  protoplasm,  and  the  cell 
membrane,  which  in  the  living  state  is  im- 
permeable to  sugar,  now  allows  this  substance 
to  pass  out  into  the  water.  The  high  tempera- 
ture also  favours  rapid  diffusion.  The  albu- 
minous substances  in  the  beet  juice,  however, 
cannot  readily  penetrate  even  the  dead  proto- 
plasm, which  acts  as  a differential  membrane, 
and  thus  leads  to  a dialytic  separation  of  the 
sugar  from  some  of  the  non-sugar  constituents 
of  the  cell  sap.  In  the  treatment  also  of  beet 
sugar  molasses  dialysis  with  parchment  mem- 
branes is  employed.  The  result  of  this  pro- 
cedure is  to  reduce  the  salt  content  of  the 
molasses,  and  so  make  possible  the  crystallisation 
of  a further  portion  of  the  sugar  {v.  Sugar). 

Diffusion  of  Solids. 

The  efficiency  of  certain  cementation  pro- 
cesses indicates  that  one  solid  can  slowly  pene- 
trate another.  The  occurrence  of  diffusion  in 
solids  has  been  proved  and  investigated  by 
Roberts -Austen  (Phil.  Trans.  1896,  187,  383), 
who  finds  that  at  temperatures  between  100° 
and  200°  there  is  an  appreciable  diffusion  of  gold 
into  solid  lead  in  30  or  40  days,  although  the 
penetration  is  much  slower  than  into  the  fluid 
metal.  Experiments  lasting  over  four  years 
have  shown  that  gold  diffuses  into  solid  lead, 
even  at  the  ordinary  temperature  (Roberts- 
Austen,  Proc.  Roy.  Soc.  1900,  67,  101). 

J.  C.  P. 

DIFORMIN  V.  Formins. 

DIGALENtJ.  Digitalis  and  Synthetic  drugs. 
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DIGALLIC  ACID  {Galloia7inic  acid,  tannin) 
V.  Tannic  acids. 

DIGESTER  V.  Autoclave. 

DIGIFOLIN,  DIGIPAN,  DIGITALEIN,  DI- 
GITALIN, DIGITALOSE,  DIGITALYSATUM, 
DIGITOFLAVONE,  DIGITONIN,  DIGITOPHYL- 
LIN,  DIGITOXOSE  Digitalis. 

DIGIPOTENE.  A preparation  of  digitalis 

10&)V0S 

DIGIPURATUM  Digitalis. 

DIGITALINUM  VERUM  Digitalis. 

DIGITALIS,  Foxglove.  Digitalis  folia,  B.P. 
Digitalis,  U.S.P,  {Digitale,  Fr.  ; Fingerhuf, 
Ger.)  The  foxglove.  Digitalis  'pur'purca  (Linn.), 
had  been  for  some  centuries  a popular  remedy 
for  dropsy,  when  it  was  introduced  into  scientific 
medicine  by  Withering,  about  1775.  It  is 
principally  used  for  its  action  on  the  heart ; 
it  slows  the  beats,  and  makes  them  more  power- 
ful and  regular,  so  that  the  output  is  increased. 
Only  the  leaves  are  official ; the  seeds  have  a 
similar  action,  due,  however,  to  different 
principles. 

Foxglove  is  a biennial  plant,  and  the  Brussels 
conference  agreed  that  only  the  second  year’s 
leaf  should  be  used ; but,  except  for  the  greater 
difficulty  of  identification,  there  is  no  objection 
to  using  the  first  year’s  rosettes,  which  are  as 
good  as  the  flowering  plant  (Straub,  Arch. 
Pharm.  1917,  255,  198).  Cultivated  plants  up 
to  the  beginning  of  the  flowering  period,  are 
fairly  constant  in  activity ; variations  appear 
when  the  seeds  ripen.  It  would  probably  be 
the  more  economical  to  cultivate  only  first-year 
plants.  Mature  wild  plants  differ  greatly  in 
various  localities  (Straub).  The  time  for 
gathering  these  is  July  and  August,  the  British 
Pharmacopoeia  prescribes  leaves  from  plants 
beginning  to  flower.  For  further  detail,  see 
Nativelle  (J.  Pharm.  Chim.  [iv.l  20,  81),  and  for 
culture,  harvesting,  and  conservation,  Newcomb 
(Amei.  J.  Pharm.  1912,  84,  201).  For  D. 
Thapsil,  which  has  a similar  action  to  D. 
purpurea,  but  is  three  times  as  strong,  see 
Farwell  and  Hamilton,  Amer.  J.  Pharm.  1917, 
89,  147. 

The  active  principles  of  digitalis  (as  of 
other  plants  with  a like  action,  such  as  strophan- 
thus  and  squill)  are  complex  glucosides,  often 
amorphous,  and  this  explains  the  great  diffi- 
culties and  numerous  contradictions  with  which 
the  chemistry  of  digitalis  is  beset.  The  con- 
fusion is  increased  by  the  use  of  the  same  name 
(digitaline)  for  different  substances,  and  by 
the  application  of  different  names  to  the  same 
substance.  According  to  our  present  knowledge, 
cold  water  extracts  from  the  leaves  a mixture 
of  glucosides,  but  hardly  dissolves  digitoxin, 
which  may  be  subsequently  extracted  by 
alcohol.  From  the  aqueous  extract  chloroform 
removes  the  ‘ gitalin  ’ fraction,  and  leaves 
behind  one  or  more  glucosides,  designated  as 
the  ‘ digitalein  ’ fraction,  which  is  less  active 
than  either  gitalin  or  digitoxin,  and  has  not 
been  obtained  even  approximately  pure.  His- 
torically, the  first  moderately  pure,  but  amor 
phous,  active  preparation  was  ‘ digitaline  ’ of 
Homolle  (J.  Pharm.  Chim.  1845,  [hi.]  7,  57). 
undoubtedl}^  a mixture.  Nativelle  (J.  Pharm. 
Chim.  [iv.l  1869,  9,  225;  1872,  16,  430:  1874, 
20,  81)  later  prepared  a ‘ digitaline  cristalliseef  a 
commercial  specimen  of  which  Schmiedeberg 
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(Arch.  exp.  Path.  Pharm.  1874,  3,  16)  declared 
to  consist  very  largely  of  a substance  to  which 
he  gave  the  name  digitoxin,  and  as  this  substance 
was  afterwards  principally  investigated  in 
Germany,  under  this  name,  Nativelle’s  designa- 
tion has  been  displaced,  in  spite  of  French  pro- 
tests {e.g.  Arnaud,  Compt.  rend.  1889,  109, 
679).  Kiliani,  who  has  published  something 
like  forty  papers  on  the  chemistry  of  digitalis 
(Ber.  1890,  23,  1555  to  1918,  51,  1613  ; and 
Arch.  Pharm.  1892,  230,  250  to  1916,  254,  255), 
at  one  time  did  not  agree  with  the  identification 
of  Nativelle’s  digitaline  with  Schmiedeberg’s 
digitoxin,  and  considered  the  former  substance 
identical  with  a crystalline  leaf  glucoside 
described  by  himself  as  digitopJiyllin  (Arch. 
Pharm.  1897,  235,  425).  Later,  Kiliani  (Ber. 
1898,  31,  2454)  considered  digitaline  cristallisee 
and  digitoxin  very  closely  similar,  but  doubt- 
fully identical.  An  attempt  to  restore  the 
historically  correct  name  for  this  glucoside  would 
lead  to  still  greater  confusion,  especially  as 
German  writers  mean  by  digitalin  a totally 
different  glucoside  from  the  seeds. 

The  ‘ gitafin  ’ fraction  is,  on  account  of  its 
solubility  in  water  and  its  physiological  action, 
probably  of  most  importance  therapeutically  ; 
it  was  little  studied  until  Kraft  (Schweiz. 
Wochenschr.  Chem.  Pharm.  1911,  49,  161,  173, 
236  ; Arch.  Pharm.  1912,  250,  118)  described 
the  isolation  of  a crystalline  glucoside  gitalin. 
Kiliani  (Arch.  Pharm.  1914,  252,  13)  has  declared 
Kraft’s  preparation  to  be  a mixture,  but  in  any 
case  it  contains  one  or  more  crystalline  sub- 
stances of  great  activity,  having  the  advantage 
over  digitoxin  of  solubility  in  water,  at  least  in 
the  crude  state.  Indeed,  the  gitalin  fraction 
seems  to  have  been  utilised  some  years  before 
Kraft  by  Cloetta  (Muench.  mediz.  Wochenschr. 
1904,  51,  1466),  whose  ‘ digitoxinum  solubile  ’ 
is  not  digitoxin  in  a water  soluble  form  (Kiliani, 
Ber.  1907,  40,  2996),  but  consists  largely  of 
ojitalin  (Gottlieb,  e.g.  Arch.  exp.  Path.  Pharm. 
1918,  8.3,  117). 

For  the  preparation  of  their  substances,  both 
Homolle  and  Nativelle  extracted  the  powdered 
leaves  with  50  p.c.  alcohol,  and  purified  the 
extract  with  lead  acetate.  After  removal  of 
the  excess  of  lead,  Homolle  evaporated  to  a 
syrup  and  precipitated  in  the  cold  with  tannic 
acid.  The  tannic  acid  precipitate  was  washed 
with  tepid  water,  mixed  with  an  equal  weight 
of  lead  oxide,  dried,  and  extracted  with  90  p.c. 
alcohol.  After  treatment  with  charcoal  and 
evaporation,  the  residue  was  extracted  with 
ether  to  remove  impurities.  Tannin,  apparently 
introduced  by  Homolle,  was  later  applied  to 
the  separation  of  A;-strophanthin  {q.v.),  and 
seems  to  be  still  in  use  for  such  commercial 
preparations  as  digipuratum  {see  below) ; but  it 
is,  of  course,  only  a general  colloidal  precipitant, 
and  cannot  be  expected  to  act  specifically. 
Nati voile  moistened  the  powdered  leaves  with 
a solution  of  neutral  lead  acetate,  then  extracted 
with  50  p.c.  alcohol,  and  purified  the  extract 
repeatedly  with  charcoal  and  lead  acetate.  He 
finally  extracted  with  chloroform,  and  thus 
separated  off  the  ‘ digitalein  ’ fraction,  which 
enabled  him  to  obtain  a crystalline  substance. 
Schmiedeberg  (Z.c.)  introduced  the  preliminary 
extraction  of  the  leaves  with  cold  water,  thus 
removing  the  gitalin  and  digitalein  fractions. 


and  then,  after  pressing  the  leaves,  he  extracted 
with  50  p.c.  alcohol.  After  precipitation  with 
basic  lead  acetate,  and  removal  of  the  excess 
with  ammonia,  the  alcohol  was  evaporated, 
while  the  solution  was  kept  neutral.  A partly 
crystalline  substance  separated,  which  was  dried 
on  the  water-bath  and  extracted  with  chloro- 
form. The  residue,  after  evaporation  of  the 
chloroform,  was  washed  with  ether  (which 
removes  fat,  luteolin,  &c.),  or  with  boiling 
petroleum  ether,  and  then  crystallised  the 
digitoxin  from  80  p.c.  alcohol  with  charcoal. 
Kiliani’s  method  of  preparing  digitoxin  (Arch. 
Pharm.  1895,  233,  311)  is  similar. 

Digitaline  cristallisee,  Digitoxin  C34H54O11 
(Kiliani)  forms  hydrated  needles  and  leaflets 
from  aqueous  alcohol,  which  become  anhydrous 
and  sinter  at  145°- 150°,  and  anhydrous  prisms 
from  methyl  alcohol  and  chloroform,  melting 
at  245°  (243°-245°  Arnaud).  Kraft  (Arch. 
Pharm.  1912,  250,  118)  could  not  obtain  the 
hydrated  form,  and  concludes  Kiliani’s  supposed 
hydrate  was  contaminated  with  gitalin. 

The  yield  of  digitoxin  is  said  to  be  Od  p.c. 
of  the  leaves,  but  Straub  (Z.c.)  has  concluded 
from  physiological  evidence  that  the  amount 
present  is  very  variable,  and  may  considerably 
exceed  04  p.c.  Merck’s  commercial  preparation 
is  stated  by  Kiliani  to  be  about  90  p.c.  pure. 
0-65  gram  digitaline  (digitoxin)  dissolves  at  14° 
in  100  c.c.  absolute  alcohol  (Arnaud).  Digitoxin 
dissolves  readily  in  chloroform,  only  slightly  in 
ether,  not  in  water.  It  gives  a characteristic 
colour  reaction ; glacial  acetic  acid  and  con- 
centrated sulphuric  acid  are  employed,  100  c.c. 
of  each  being  previously  diluted  with  1 c.c.  of 
5 p.c.  aqueous  ferric  sulphate  solution.  A 
trace  of  digitoxin  is  dissolved  in  1 c.c.  of  the 
acetic  acid,  and  2 c.c.  of  the  sulphuric  acid  are 
allowed  to  flow  underneath,  in  a narrow  test 
tube.  The  zone  of  contact  becomes  dirty 
brown,  and  after  a few  minutes  the  acetic  acid 
begins  to  become  indigo  blue.  This,  Keller’s 
reaction,  is  still  positive  with  04  mg.  in  1 c.c.  of 
acetic  acid.  Concentrated  hydrochloric  acid 
dissolves  digitoxin  in  the  cold  to  a colourless 
solution,  becoming  bluish-green  on  warming. 
Alcoholic  sodium  hydroxide  hydrolyses  to 
digitoxinic  acid  C34H|jgOi2.  mineral  acids  hydro- 
lyse to  two  molecules  of  digitoxose 

CHg-CHOHCHOHCHOHCH^CH-O 

m.p.  101°,  and  one  of  digitoxigenin  C22H32O4, 
m.p.  230°  {v.  e.g.  Kihani,  Arch.  Pharm.  1913, 
251,  562).  Digitoxose  is  a peculiar  sugar,  and 
gives  Keller’s  reaction,  digitoxigenin  does  not. 

Gitalin  C28H48O10  (?),  m.p.  150°-156°,  is 
amorphous,  and  was  obtained  by  Ki-aft  by  a 
method  analogous  to  that  of  Homolle  {v.  supra), 
and  extracting  the  glucoside  from  aqueous 
solution  by  shaking  with  chloroform ; after 
drying,  the  chloroform  solution  is  precipitated 
by  light  petroleum.  Gitalin  is  soluble  in  600 
parts  of  water,  and  very  readily  in  chloroform. 
By  dissolving  in  1 -5  parts  of  alcohol  and  adding 
0-75  part  of  water,  a crystalline  gitalin  hydrate 
C28H48O10HH2O,  m.p.  75°,  is  separated.  Solu- 
tions of  gitalin  deposit  on  keeping  mixtures  of 
gitalin  and  anhydrogitalin  C28H46O9J  m.p.  255°, 
crystallising  from  dilute  alcohol  and  almost 
insoluble  in  chloroform.  On  hydrolysis  by 
acids,  gitalin,  its  hydrate,  and  its  anhydride  all 
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yield  digitoxose  {see  above),  and  hence  they  all 
give  Keller’s  reaction ; the  other  fission  pro- 
duct is  anhydrogitoligenin  C22II34O5,  m.p. 
216°-219'’,  crystallising  from  alcohol.  As  already 
stated,  Kiliani  considers  gitalin  to  be  a mixture, 
of  anhydrogitalin  with  other  substances,  but 
this  does  not  dispose  of  Kraft’s  contribution  to 
the  subject. 

Digital ein  (Schmiedeberg)  differs  from  gitalin 
and  digitoxin  in  not  producing  the  typical 
systolic  arrest  of  the  heart. 

Commercial  Preparations  of  Digitalis. — A 
considerable  number  of  these  have  been  intro- 
duced of  late  years,  mostly  in  Germany.  Digalen 
(Hoffmann-Laroche  & Co.),  introduced  in  1904, 
has  been  one  of  the  most  successful.  It  is 
Cloetta’s  ‘digitoxinum  solubile’= impure  gitalin? 
{see  above).  Digifolin  and  digipan  are  similar 
impure  active  principles.  Digipuratum  (D.  R.  P 
227552,  245193,  246571,  of  Knoll  & Co.)  is  a 
purified  leaf  extract  freed  from  digitonin,  and 
apparently  consists  of  the  tannin  compounds  of 
the  gitalin  fraction.  From  adigan  the  digitonin 
has  been  removed  by  cholesterol  {see  below). 
Digitalysatum,  from  fresh  press-juice,  and  other 
preparations,  are  purified  by  dialysis.  Digita- 
lone  (Parke,  Davis  & Co.)  is  a sterile  extract  of 
older  type.  For  a physiological  examination  of 
these  preparations,  see  Rapp,  Pharm.  Zentral-H. 
1914,  55,  961,  978. 

Methods  of  Assay. — There  is  a great  variation 
in  the  content  of  active  leaf  glucosides.  Thus 
Straub  {l.c.)  found,  in  percentages  of  the  air-dry 
leaf  : — 

Gitalin  -j-  digitalein,  cultivated,  0'4-0'64, 
wild,  0 '22-0 '89  ; digitoxin,  cultivated, 
0-053-0-11,  wild,  0-01-0-15. 

This  variability  has  led  to  the  introduction 
of  standardised  leaves  (‘folia  digitalis  titrata ’) 
and  to  methods  of  assay  of  pharmaceutical  pre- 
parations (official  in  the  U.S.P.  for  digitalis, 
strophanthus,  and  squill),  A chemical  assay 
(of  digitoxin  ?)  has  been  described  by  Keller 
(Ber.  Deut.  pharm,  Ges.  1897,  7,  125),  but 
Ziegenbein  (Arch.  Pharm.  1902,  240,  454)  has 
shown  that  there  is  no  relation  between  physio- 
logical activity  and  the  ‘ digitoxin  ’ found  by 
Keller’s  method.  Barger  and  Shaw  (Pharm.  J. 
1904,  [iv.j  19,  249)  have  confirmed  this,  and 
shown  that  of  added  crystalline  digitoxin  less 
than'^half  is  recoverable  by  Keller’s  method. 
The  chloroform  extract,  weighed  in  this  method, 
consists,  according  to  Kraft  (l.c.),  largely  of 
gitalin.  The  assay  must  therefore  be  physio- 
logical, and  is  generally  based  on  Houghton’s 
method  (J.  Amer.  med.  Assoc.  1898),  by^which 
the  minimum  amount  is  determined  necessary 
to  arrest  the  frog’s  heart  in  systole,  in,  say,  1 
hour  (for  length  of  time,  cf.  Gottlieb,  below). 
The  isolated  frog’s  heart  may  also  be  employed, 
with  graphic  registration  of  its  action  (Schmiede- 
berg, Arch.  exp.  Path.  Pharm.  1910,  62,  307). 
For  earlier  investigations,  see  Edmunds  and 
Hale  (Bull.  No.  48,  Hygienic  Lab,  Washington, 
1909)  and  Focke  (Arch.  Pharm.  1910,  248,  365) ; 
for  the  later  ones,  Holste  (Zeit.  exp.  Path.  Ther. 
1917,  19,  153),  Focke  {ibid.  1914,  16,  443), 
Straub  (Arch.  exp.  Path.  Pharm,  1916,  80,  52), 
and  Gottlieb  {ibid.  1918,  83,  117).  The  suscepti- 
bility of  frogs  is  greater  in  winter  than  in  summer, 
and  it  has  been  suggested  that  they  should, 
themselves  be  standardised  with  a pure  sub- 


stance, such  as  digitoxin  (Rapp,  l.c.),  or  g- 
strophanthin  (ouabain)  (g.^’.),  suggested  by 
Heinz,  and  adopted  by  the  U.S.P.  This  pre- 
supposes a constant  ratio  of  sensitiveness  to 
dissimilar  preparations,  which  has  not  been 
proved.  Indeed,  Gottlieb  {l.c.)  states  that  the 
sensitiveness  of  frogs  to  gr-stropanthin  is  fairly 
constant  throughout  the  year. 

Digitalis  seeds  contain  entirely  different 
glucosides,  which  have  been  examined  chiefly 
by  Kiliani.  From  an  alcoholic  extract,  purified 
with  lead  acetate,  the  mixed  glucosides  are 
precipitated  with  tannic  acid  {cf.  Homolle’s 
method).  This  gives  the  commercial  so-called 
digitalinum  germanicum,  which  may  be  separated, 
according  to  Kiliani  (Ber,  1918,  51,  1613),  into 
‘ digitalinum  verumf  or  digitolin,  digitonin, 
gitonin,  and  a fourth  glucoside. 

Digitalin  C35Hg80i4,  m.p.  210°-217°,  is  less 
active  than  digitoxin,  and  forms  amorphous 
granules,  soluble  in  1000  parts  of  water.  It  dis- 
solves in  sulphuric  acid  with  a yellow  colour, 
which,  on  standing,  or  in  the  presence  of  ferric 
salts  or  other  oxidising  agents,  becomes  cherry-red 
and  purple.  It  is  hydrolysed  by  acids  to  equi- 
molecular  proportions  of  glucose,  digitalose 
C7H14O5,  and  digitaligenin  C22H3PO3,  needles, 
m.p.  210°-212°,  Digitalose  is  a syrup,  and  is 
oxidised  by  nitric  acid  to  methoxydihydroxy- 
glutaric  acid  (Kiliani,  Ber.  1905,  38,  3622 : 
1916,  49,  709). 

Digitonin  C54H92O28  or  CggHg^Oog,  m.p. 
225°-235°,  [a]j5= -49-25°,  is  obtained  in  the 
crude  state  in  a yield  of  about  45  p.c.  of  the 
‘ German  digitalin  ’ employed.  It  is  important 
as  an  example  of  a crystalline  saponin,  and 
probably  also  occurs  in  the  leaves.  It  has  no 
stimulant  action  on  the  heart,  and  is  thera- 
peutically undesirable.  Digitonin  dissolves  to 
a clear  solution  in  50  pares  of  cold  50  p.c. 
alcohol,  is  more  soluble  on  heating,  and  crystal- 
lises on  cooling  in  fine  needles.  It  is  hardly 
soluble  in  chloroform,  and  forms  an  opalescent 
solution  in  water,  which  froths.  Keller’s 
reaction  is  negative.  Acids  hydrolyse  to  two 
molecules  of  glucose,  two  of  galactose,  and  one 
of  digitogenin  C3oH4g06  or  CgiHgoOg,  needles, 
m.p.  240°.  Like  other  saponins,  digitonin 
combines  with  cholesterol.  On  mixing  a 
(preferably  hot)  solution  of  1 gram  digitonin  in 
100  c.c.  of  90  p.c.  alcohol  with  0.4  gram  chole- 
sterol in  60  c.c.  of  95  p.c.  alcohol,  the  addition 
compound  Cg5H94028’C27H480  crystallises  (Win- 
daus,  Ber.  1909,  42,  238).  Similar  compounds 
with  lower  alcohols  and  phenol  had  already  been 
observed  by  Houdas  (Compt.  rend.  113,  648). 
This  reaction  has  met  with  wide  application. 
On  the  one  hand,  digitonin  can  be  removed  from 
digitalis  preparations  (adigan,  above),  on  the  ^ 
other  hand,  sterols  can  be  estimated  in  fats,  for 
as  little  as  0-1  mg.  of  cholesterol  in  1 c.c.  of  90 
p.c.  alcohol  may  be  detected  (Windaus).  {Cf. 
Panzer,  Zeitsch.  physiol.  Chem.  1912,  78,  414  ; 
Marcusson  and  Schilling,  Chem.  Zeit.  1913,  37, 
1001  ; Berg  and  Angershausen,  ibid.  1914,  38, 
978  : Prescher,  Zeitsch.  Nahr.  Genussm.  1914, 
33,  7.) 

Gitonin. — Commercial  digitonin  (Merck) 
contain  5-14  p.c.  of  a closely  similar  glucoside 
gitonin  C49H8o023,7H20,  m.p.  225°  (Kraft,  l.c.  ; 
Windaus  and  Schneckenburger,  Ber.  1913,  46, 
2628),  which  may  be  crystallised  (Kiliani,  ibid. 
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1916,  49,  701),  and  also  forms  cholesterol 
addition  compounds. 

Straub  (Biochem.  Zeitsch.  1917,  82,  48)  finds 
that  on  germination  the  first  pair  of  foliage  leaves 
already  contains  the  typical  leaf  glucosides,  and 
in  4 months  the  maximum  of  1 p.c.  of  total 
glucoside  is  already  nearly  attained.  This  is 
made  up  of  gitalin  fraction,  4 p.c.  ; digitalein 
fraction,  J p.c.  ; and  digitoxin  fraction,  p.c. 
For  variations,  see  above. 

Digitalis  leaves  contain  luteolin  ( = ‘ digito- 
flavone  ’)  0i5lIjQOg,Il2O,  which  imparts  a yellow 
colour  to  ethereal  extracts  (Kiliani  and  Mayer, 
Ber.  1901,  34,  3577). 

Other  Drugs  with  a Digitalis-like  Action. — 
Schmiedeberg  (Arch,  exp.  Path.  Pharm.  1883, 
16,  149,  especially  162)  has  enumerated  a con- 
siderable number  of  these.  Strophanthus  and 
squill  {q.iK)  are  therapeutically  the  most  im- 
portant ; see  also  euonymus,  hellebore,  and  the 
alkaloid  erythrophleine. 

Cymarin^  a glucoside  from  the  root  of 
Apocynum  cannahinum  has  been  obtained  crystal- 
line (D.  R.  P,  255537,  of  Bayer  & Co.). 
1000  parts  of  the  root  are  extracted  with  boiling 
carbon  tetrachloride  until  no  Jonger  bitter. 
After  evaporation,  the  residue  is  dissolved  in 
1000  parts  of  alcohol,  and  water  at  50°  is  added, 
until  no  more  resin  is  precipitated.  After 
filtration,  basic  lead  acetate  is  added,  and  the 
excess  of  lead  is  removed,  after  a second  filtra- 
tion, by  means  of  hydrogen  sulphide.  After 
evaporation  to  100  parts,  the  solution  is  extracted 
with  chloroform,  and  the  chloroform  dried  with 
sodium  sulphate.  Impurities  are  then  pre- 
cipitated with  ether,  and  next  the  cymarin  with 
light  petroleum.  It  is  crystallised  from  methyl 
alcohol,  and  then  has  the  composition  : 

C3oH440e,CH30H,iH20 

[al^^=+23‘5°  in  chloroform.  It  gives  Lieber- 

mann’s  cholesterol  reaction  {v.  Strophanthidin), 
and  Keller’s  digitoxin  reaction  (above),  and  is 
hydrolysed  by  acids 

^30^4409+^20=023113005,1120  4- C7H14O4 

into  cymarigenin  (= strophanthidin,  q.v.)  and 
cymarose,  which  is  probably  the  methyl  ether  of 
digitoxose  (Windaus  and  Hermanns  Ber. 
1915,  48,  979),  where  the  earlier  investigations 
on  Apocynum  are  referred  to. 

Bufagin  C18H24O4,  from  the  parotid  gland 
of  the  Central- American  toad  Bufo  aqua,  has 
also  been  obtained  crystalline  and  pure  (Abel 
and  Macht,  J.  Pharm.  exp,  Therap.  1912,  3, 
319).  It  is  not  a glucoside.  For  hufotalin  from 
European  toads,  see  Wieland  and  Weil  (Ber. 
1913,  46,  3315). 

Gonvallamarin  C.>3H4404o  and  convallarin 
C34He.,044  are  crystalline  glucosides  from 
Convallaria  majalis  (Linn.)  (Lily  of  the  Valley), 
which  plant  was  deleted  from  the  U.S.P.  in 
1916  (Walz,  Jahrb.  f.  Chem.  1858,  518). 

a-Antiarin  C27H42O]0>4H2O  and  fi-antiarin 
are  crystalline  glucosides  from  the  latex  of 
Antiaris  toxicaria,  the  Upas  tree  of  Java  (Kiliani, 
Ber.  1910,  43,  3574).  Other  crystalline  gluco- 
sides with  digitalis  action  are  thevetin  C54Hg4024, 
from  the  seeds  of  Thevetia  neriifolia  (Juss.), 
crystallising  readily  (de  Vrij,  Pharm.  J,  1881, 
457  ; Warden,  ibid.  1881,  417),  and  echujin 


(C5Hg02)w,  from  the  latex  of  Adenium  Boehmia- 
num  (Schinz),  a South-West  African  arrow  poison 
(Boehm,  Arch,  exp.  Path.  Pharm.  1899,  26, 
165).  The  latter  substance  has  an  activity 
intermediate  between  that  of  digitoxin  and 
strophanthin. 

Tanghinin  C27H4g08,  m.p.  182°,  from  the 
fruits  of  Tanghinia  venenifera  (Madagascar),  is 
crystalline,  hardly  soluble  in  water,  readily  in 
alcohol  and  in  ether,  and  is  not  a glucoside 
(Arnaud  Compt,  rend.  1889,  108,  1255).  Adonin 
C24H40O9,  from  Adonis  amurensis  (Beg.  et  Radd.) 
(Tahara,  Ber.  1891,  24,  2579),  adonidin  from 
A.  vernalis  (Linn.)  (Cervello,  Arch.  exp.  Path, 
Pharm.  1882,  15,  235),  and  oleandrin  from 
Nerium  oleander  (Linn.)  (Schmiedeberg,  Z.c.).  are 
amorphous.  Many  of  the  above  substances  are 
used  as  arrow  poisons.  The  N.O.  Apocynacece 
seems  to  be  especially  rich  in  substances  with 
a digitalis -like  action  {Apocynum,  Strophanthus, 
Thevetia,  Adenium,  Nerium  oleander).  Windaus 
and  Hermanns  (Ber.  1915,  48,  991)  have  sug- 
gested that  there  is  a more  or  less  close  chemical 
relationship  between  many  of  the  above  sub- 
stances. The  non-sugar  portion  of  the  glucosides 
(‘  genin  ’)  seems  to  be  derived  from  a cholesterol- 
like complex  by  various  degrees  of  oxidation ; 
the  sugars  are  peculiar  and  sometimes  identical 
or  closely  related,  and  often  contain  less  oxygen 
than  carbohydrates.  The  genins  are  less  active 
than  the  glucosides  {v.  Z;-strophanthinand  Straub, 
Biochem.  Zeitsch.  1916,  75,  132).  G,  B. 

DIGITALON  V.  Digitalis. 

DIGITOXIN  V.  Digitalis. 

DIHEPTYLACETIC  ACID  (C7H45)2CH;COOH 
is  obtained  by  treating  diheptylacetoacetic  ester 
with  potassium  hydroxide  (Jourdan,  Annalen, 
200,  116)  ; m.p.  26°-27°. 

DIHYDRAZINES  v.  Hydrazines. 

DIHYDROCAMPHOKETONE  v.  Ketones. 

DIHYDROXY-  ACIDS  v.  Hydroxy-  acids. 

DIHYDROXY ANTHRAQUINONES.  SeekLi- 

ZARiN  AND  Allied  colouring  matters. 

DIHYDROXYBENZOIC  ACIDS  v.  Proto- 

CATECHUIC  ACID. 

DIHYDROXYCARBOXYNAPHTHALENE 
SULPHONIC  ACIDS.  See  Naphthalene. 

5 : 5'-DIHYDROXY-7  : 7'-DISULPHO  2 : 2'- 
DINAPHTHLY  CARBAMIDE 


Prepared  by  the  action  of  carbonyl  chloride 
upon  an  aqueous  solution  of  2-amino-5-naphthol- 
7-sulphonio  acid  containing  sodium  carbonate, 
acidifying  with  hydrochloric  acid,  and  adding 
common  salt  (Farbenf.  vorm.  F.  Bayer  & Co., 
D.  R.  P.  116200). 

1 : 5-DIHYDROXYNAPHTHALENE.  See 

Naphthalene. 

DIHYDROXYNAPHTHALENE  SULPHONIC 
ACIDS.  See  Naphthalene, 

DIHYDROXYTARTARIC  ACID 

C02H-C(0H)2-C(0H)2-C02H 

is  made  by  the  action  of  a mixture  of  fuming 
sulphuric  acid  and  nitric  acid  upon  dry  tartaric 
at  20°,  cooling  with  ice  and  neutralising  with 
sodium  carbonate  when  the  sparingly  soluble 
sodium  salt  separates  out.  Used  in  making 
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tartrazine  : v.  Pyrazolone  colourino  matters 
and  Ketones. 

DI-IODOFORM  V.  Synthetic  drugs. 

DIKA-BREAD.  An  edible  cake  made  by 
the  natives  of  Sierra  Leone  and  the  Gaboon 
from  the  fruit  of  the  mango  tree,  indigenous 
to  most  tropical  climates.  The  fruit  resembles 
chocolate  in  appearance,  and  contains  a large 
quantity  of  fatty  matter.  It  has  occasionally 
ripened  under  hot-house  cultivation  in  this 
country. 

DIKA  FAT  GROUP.  Under  this  name  may 
be  comprised  several  fats  which  are  character- 
ised by  high  saponification  values,  like  the  fats 
of  the  Cocoa  Nut  Oil  group,  but  which  differ  from 
them  by  the  absence  of  volatile  fatty  acids.  The 
high  saponification  value  indicates  a preponder* 
ant  proportion  of  1 auric  acid.  These  fats  are 
further  characterised  by  low  iodine  values. 
The  most  prominent  of  this  group  are  t (1)  Dika 
fat,  obtained  from  the  seed-kernels  of  various 
kinds  of  Irvingia : I.  gabonensis  (Baill.),  I. 
Barieri  (Hook,  fih),  indigenous  to  West  Africa. 
The  seeds  yield  about  65  p.c.  of  a yellowish- 
white  fat,  which  the  natives  separate  by  ex- 
pressing the  kernels  after  boiling  with  water. 
The  fat  melts  at  about  30°,  and  has  an  iodine 
value  of  about  31.  (2)  Tangkallak  fat,  obtained 

from  the  fruits  of  Lepidadenia  WigJdtiana  (Nees  ; 
Bh),  CylicodapJme  sebifera  (Bl.),  Tetranthera  calo- 
phylla  (Miquel),  Tetranthera  laurifolia  (Jacq.), 
Litsea  Sehifera  (Pers.),  Sebifera  glutinosa  (Lour.). 
(3)  Irvingia  butter,  Cochin-China  wax,  or  Cay- 
cay  fat,  the  fat  obtained  from  Irvingia  Oliveri 
(Pierre),  Irvingia  malayana  (Oliv.),  Irvingia 
Harmandiana  (Pierre),  BucJtunania  fastigiata  (H. 
Baillon).  The  Cay-cay  tree — ‘ candle  tree  ’ — is 
a tropical  tree  indigenous  to  Cochin  China  and 
Cambodia.  Large  quantities  of  the  fat  are  used 
by  the  natives  as  candles.  The  freshly  prepared 
fat  is  employed  for  edible  purposes.  (4)  Kusu 
oil,  contained  in  the  fruit  of  the  camphor-yielding 
tree,  Cinnamomum  camphora  (Nees),  Lauracece. 
From  its  chemical  characteristics,  the  conclusion 
may  be  drawn  that  it  consists  of  pure  laurin  with 
a few  per  cent,  of  olein.  J.  L. 

DIKETONES  v.  Ketones. 

DIKETOSUCCINIC  ACID  v.  Ketones. 

DILATOMETER.  A term  originally  used 
to  denote  an  apparatus  for  measuring  the 
thermal  expansion  of  liquids.  Subsequently 
given  by  Silbermann  to  an  instrument  for  deter- 
mining the  strength  of  aqueous  alcohol. 

DILITURIC  ACID,  nitrobarbituric  acid,  nitro- 

malonylurea,  C 0 jj -c •N02,3H20, ob- 
tained by  treating  alloxantin  first  with  hydro- 
chloric acid  and  subsequently  with  nitric  acid 
(Schlieper,  Annalen,  56,  24)  ; by  warming 
hydurilic  acid  with  nitric  acid  (Baeyer,  ibid,  127, 
211)  ; by  nitrating  barbituric  acid  with  fuming 
nitric  acid  (Baeyer,  ibid.  130,  140) ; by  oxidising 
violuric  acid  (nitrosobarbituric  acid)  (Ceresole, 
Ber.  16,  1134)  ; or  by  oxidising  with  nitric  acid 
the  compound  CigHgeOnNiaS^  obtained  by 
condensing  ^sodialuric  acid  with  thiocarbamide 
{v.  Vogel,  Annalen,  315,  259 ; Bartling,  ibid. 
339,  27). 

Dilituric  acid  crystallises  in  colourless 
quadratic  prisms  or  plates,  is  sparingly  soluble 
in  cold,  more  readily  so  in  hot  water,  is  sparingly 
soluble  in  alcohol  and  insoluble  in  ether.  It 


forms  chloropicrin  when  warmed  with  bleaching 
powder,  is  reduced  by  hydriodic  acid  to  vramil 
{aminobarbiiuric  acid),  and  suffers  partial  reduc- 
tion when  heated  with  glycerol,  yielding  violuric 
acid.  Dilituric  acid  is  tribasic,  but  most  of  the 
salts  are  acidic,  and  contain  only  one  equivalent 
of  the  metal ; they  are  sparingly  soluble  in 
water,  and  are  not  generally  decomposed  by 
mineral  acids.  The  ammonium  salt 

C4H2(NH4)0,N3 

the  sodium  salt  C4H2Na05N3,4H20,  potassium 
salt  C4H2KO5N3,  calcium  salt 

Ca(C4H205N3)2,4H20 

the  barium  compound  BaCl(C4H305N3),H20, 
ferrous  salt  Fe(C4H205N3)2,8H20,  and  the  silver 
salt  C4H2Ag05N3,2Il20,  are  colourless;  the /erne 
salt  Fe(C4H205N3)3,6H20  is  bright  yellow,  the 
copper  salt  Cu(C4ll205N3),H20  is  greenish,  the 
dipotassium  salt  C4HK0O5N3  is  bright-yellow 
(Schlieper, Z.C.),  and  the  triargentic  salt  C4Ag305N3 
is  lemon-yellow  (Baeyer,  Annalen,  130,  140). 
According  to  Holleman  (Bee.  trav.  chim.  1897, 
16,  162),  dilituric  acid  and  its  homologues  are 
aliphatic  nitro-  compounds  in  which  the  iso-  form 
(c/.  Hantzsch  and  Schultze,  Ber.  1896,  29,  699, 
2251  ; Hantzsch  and  Veit,  ibid.  1899,  32,  607)  is 
the  stable  modification.  The  aqueous  solution 
of  dilituric  acid  is  faintly  yellow  and  decomposes 
carbonates  ; the  molecular  conductivity  for  1 
gram-molecule  dissolved  in  v litres  of  water  is 
323-4  (v=32),  341-4  (v=512),  should  be 
356) ; the  acid  is  therefore  almost  completely 
dissociated  in  aqueous  solution  ; the  addition  of 
one  equivalent  of  a base  does  not  appreciably 
change  the  colour  of  the  solution,  but  on  adding 
a second  equivalent,  the  solution  assumes  the 
deep-yellow  colour  characteristic  of  the  aqueous 
solutions  of  the  salts  of  this  acid.  Assuming 

that  the  formula  re- 

y 

presents  the  constitution  of  the  acid,  Holleman 
states  that  the  anion 

^^\NH-CO 

0 

is  colourless  and  slowly  hydrolyses  into  the 
yellow  anion  "'^^C-N-O— . 

x 

Methyldilituric  acid,  1 - methyl  - 5 - nitrobar- 
bituric acid  C0<;;^™®.'^q\CH-N02,1-5H20, 

prepared  by  oxidising  methylvioluric  acid  with 
concentrated  nitric  acid  (Andreasch,  Monatsh. 
1900,  21,  281),  crystallises  from  aqueous  solu- 
tion, and  the  anhydrous  acid  is  colourless  ; it 
melts  and  decomposes  at  143°,  is  readily  soluble 
in  hot  water,  less  so  in  cold  water,  alcohol,  or 
acetone,  and  sparingly  soluble  in  ether.  The 
aqueous  solution  of  the  acid  is  intensely  yellow, 
and  decomposes  carbonates  ; the  aqueous  solu- 
tions of  the  salts  are  also  yellow,  but  the 
solid  salts  are  colourless  or  pale-yellow 
and  sparingly  soluble ; the  potassium  salt 
C5H4KO5N3,  the  sodium  salt  C5H4Na05N3,H20, 
the  ammonium  salt  C5H4(NH4)05N3,  are  colour- 
less ; the  barium  salt  (C5H405N3)2Ba,H20,  the 
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cadmium  salt  (C5H4N305)2Cd,2H20,  are  pale- 
yellow  ; the  strontium  salt  (C5H405N3)2Sr,3H20 
is  colourless,  but  becomes  yellow  on  losing  its 
water  of  crystallisation.  Methyldilituric  acid  is 
stable  with  bases  ; it  reacts  readily  with  chlorine 
to  form  methylcMordilituric  acid 

CO<nh.CO>CC1(NO.) 

m.p.  121°  ; the  corresponding  bromo-  compound 
melts  and  decomposes  a,t  138°-139°. 

Dimethyldilituric  acid,  1 :3  - dimethyl  - 5 - 

nitro-barbituric  acid  C0^Me:C0>CH'N0. 

obtained  by  oxidising  dimethylvioluric  acid  with 
concentrated  nitric  acid  (Techow,  Ber.  27,  3085  ; 
Andreasch,  Monatsh.  16,  26)  ; forms  colourless 
microscopic  crystals  from  acetone ; dissolves  in 
5-98  parts  of  water  at  14°,  is  sparingly  soluble 
in  alcohol,  melts  at  152°  and  changes  into  di- 
methylalloxan  (Holleman,  Bee.  trav.  chim.  16, 
162),  and  is  reduced  by  hydriodic  acid  to 
dimethyluramil. 

Dimethyldilituric  acid  is  intensely  yellow  in 
aqueous  solution,  and  this  is  due  to  the  presence 
of  the  coloured  anion  of  the  ^5onitro-  form 

CO<^^^g.QQ^^C:NO'OH,  for  on  adding  con- 
centrated nitric  acid,  the  colour  almost  entirely 
disappears  ; further,  the  molecular  conduc- 
tivity of  the  acid  for  1 gram-molecule  dissolved 
in  V litres  of  water  is  313-3  (^=32),  and  337-6 
(^7=1024),  (yUQ^  should  be  352),  so  that  in  each 
solution  the  acid  is  almost  completely  ionised 
(Holleman,  Bee.  trav.  chim.  16,  162).  The 
salts  of  dimethyldilituric  acid  are  coloured,  the 
sodium  salt  CgHg]S[a05N3,H20  is  yellow,  the 
'potassium  salt  CgHgKOgNg  is  greenish-yellow, 
the  magnesium  salt  (CgH605N3)2Mg,4H20  is 
yellowish-green,  the  calcium  salt  (C6Hg05N3)2Ca 
is  bluish-green,  the  strontium  salt  (CgHg05N3)2Sr 
is  pale-green,  the  barium  salt 

(CeHg0gN3)2Ba,2H20 

is  rose-red,  and  the  silver  salt  CgHgAgOgNg  is 
greyish-violet  (Andreash,  l.c.,  and  Monatsh.  21, 
295). 

Dimethylchlordilituric  acid 


CO< 


'NMe-CO' 

-NMe-CO, 


>CC1(N02) 


prepared  by  passing  chlorine  into  an  aqueous 
solution  of  dimethyldilituric  acid ; melts  and 
decomposes  at  150°  ; the  corresponding  bromo- 
derivative  melts  partially  at  152°  (Andreasch, 
l.c.).  Dimethyldilituric  acid  is  readily  decom- 
posed by  the  action  of  bases  forming  water, 
carbon  dioxide,  and  dimethylnitromalonamide. 

M.  A.  W. 

DILL  FRUIT.  Anethi  fructus,  B.P.  The 
dried  ripe  fruit  of  Peucedanum  graveolens 
(Benth.  and  Hook.). 

DILL  OIL  V.  Oils,  Essential. 

DIMETHYLALLOXAN  v.  Alloxan. 
p-DIMETHYLAMINOBENZOPHENONE 

Ketones 

DIMETHYLAMINONAPHTHAPHENAZINE 

V.  Azines. 

DIMETHYLANILINE  ^ ^N(CH3)2. 

Made  by  heating  a mixture  of  aniline  and 
methyl  alcohol  containing  sulphuric  acid  in  an 
autoclave.  Eor  details  of  modo  of  manufacture. 


see  Walter,  Chem.  Zeit.  1910,  34,  641,  et  seq.  ; 
and  Cain’s  Intermediate  Products  for  Dyes. 
Instead  of  sulphuric  acid  iodine  may  be  employed 
(Knoll  & Co.,  D.  B.  P.  250236).  Or  a mixture 
of  aniline  and  milk  of  lime  and  methyl  chloride 
may  be  heated  under  pressure  (Grandmougin, 
Bev.  prod.  chim.  1917,  20,  68). 

Dimethylaniline  boils  at  192-6°/738  mm.  ; 
m.p.  2-07°  : sp.gr.  0-96  at  15°  [see  Amines). 

DIMETHYLDIAMINODI  - o - TOLYLME- 
THANE 


CHj -NH -CH, 

Obtained  by  treating  methyl-o-toluidine,  or  a 
mixture  of  mono-  and  dimethyl-o-toluidine  with 
formaldehyde  (40  p.c.  solution)  and  hydrogen 
chloride,  diluting  with  water,  adding  sodium  and 
steam  distilling  to  expel  the  excess  of  the  methyl- 
o-toluidine.  On  cooling  the  base  crystallises, 
and  may  be  purified  by  crystallisation  from 
alcohol  (Bad.  Anil,  and  Soda  Fabrik,  D.  B.  P. 
67478)  ; m.p.  87°  ; b.p.  255°/9  mm. 

DIMETHYLDIAMINOTOLUPHENAZINE  v. 

Azines 

2 : 2'-DIMETHYL-l  : I'-DIANTHRAQUIN- 
ONYL 


CO 


Obtained  by  diazotising  l-amino-2-methyl- 
anthraquinone  dissolved  in  sulphuric  acid, 
pouring  the  product  on  ice,  separating  the 
diazonium  sulphate,  and  treating  it  with  acetic 
anhydride  and  copper  powder.  The  precipitate 
thus  formed  is  mixed  with  water  to  remove 
acetic  anhydride,  and  with  dilute  nitric  acid  to 
free  it  from  copper.  Can  also  be  prepared  by 
treating  1-chloromethylanthraquinone  with  cop- 
per powder  (Bad.  Anilin  and  Soda  Fabrik. 
D.  B.  P.  180157)  ; m.p.  366°-367°.  Used  in 
making  Indanthrene  Golden  yellow,  v.  Pyran- 
threne,  art.  Indanthrene. 

DIMETHYLETHYL  ACETIC  ACID  v.  Ca- 

PROIO  ACID. 

DIMETHYLGLYOXIME  ( By-dioximmobutane) 
CHg-C  : N-OH 

I , was  originally  obtained  by 

CH3-C  • N-OH 

Schramm,  in  1883,  by  acting  upon  methyl- 
oximino-ethyl  ketone  with  aqueous  hydroxyl- 
amine  hydrochloride  (Ber.  16,  180).  It  is 

readily  prepared  in  quantity  by  the  following 
method  (Gandurin,  J.  pr.  Chem.  1908,  77,  [ii.] 
414) 

850  c.c.  of  commercial  methyl  ethyl  ketone 
are  mixed  with  30  c.c.  of  hydrochloric  acid  of 
sp.gr.  1-19,  and  1 litre  of  amyl  nitrite  is  allowed 
to  run  in  slowly  with  vigorous  stirring.  This 
takes  14  hours,  and  the  temperature  should  be 
maintained  between  40°-50°.  When  the  reaction 
is  over,  800  grams  of  ice  are  added,  followed  by 
378  grame  of  sodium  hydroxide  in  800  c.c.  of 
water,  and  the  mixture  is  shaken  for  half  an 


2 : 4-DINITRO-4'-HYDROXYDlPHENYLAMINE. 
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hour.  After  standing,  the  layer  of  amyl  alcohol 
is  removed,  and  the  aqueous  liquid  twice  ex- 
tracted with  ether.  100  c.c.  of  the  alkaline 
liquid  are  treated  with  the  calculated  amount  of 
hydroxylamine  hydrochloride,  and  the  di- 
methylglyoxime  produced  is  collected  and 
weighed.  If  the  original  volume  of  the  alkaline 
liquid  is  v c.c.,  a grams  the  weight  of  dimethyl- 
glyoxime  obtained  from  the  100  c.c.  of  liquid, 
then  the  amount  of  hydroxylamine  hydro- 
chloride in  grams  required  for  the  remaining 
liquid  is  equal  to  656(i;—100)a/ 109500.  This 
weight  of  hydroxylamine  hydrochloride  is  dis- 
solved in  a little  water,  added  to  the  alkaline 
liquid,  and  the  whole  warmed  on  the  water-bath 
for  an  hour.  The  liquid  is  acidified  with  acetic 
acid,  and  the  dimethylglyoxime,  which  separates, 
is  filtered,  washed,  and  dried.  This  product 
is  sufficiently  pure,  but  it  may,  if  desired,  be  re- 
crystallised from  alcohol.  Yield,  650-700  grams. 

(For  details,  see  Adams  and  Kamm,  J.  Amer. 
Chem.  Soc.  1918,  40,  1281.) 

(For  other  methods  of  preparation,  v.  Biltz, 
Zeitsch.  anal.  Chem.  1909,  48,  164  ; Tschugaeff, 
Ber.  1905,  38,  2520.) 

Properties. — Dimethylglyoxime  forms  colour- 
less, glistening  needles,  and  is  insoluble  in  water, 
but  soluble  in  alcohol.  It  melts  at  245°-246° 
(Meyer- Jacobsen,  I.  (ii.)  826,  1913).  Its  diben- 
zoyl derivative  forms  rhombic  plates,  melting  at 
223°  (Diels  and  Stern,  Ber.  1907,  40,  1629). 

On  oxidation  with  potassium  ferricyanide 
or  nitrogen  peroxide  it  yields  furoxane  (Scholl, 
Ber.  1890,  23,  3498)  ; this  is  reduced  to  the 
dioxime  again  when  treated  with  zinc  and 
acetic  acid  (Rimini,  Gazz.  chim.  ital.  1895,  25, 
fii.]  266).  When  heated  with  aqueous  am- 
monia at  170°-180°  it  yields  the  anhydride 
dimethylfurazan  (Wolff,  Ber.  1895,  28,  69). 

Application  in  Analysis. — Dimethylglyoxime 
is  now  an  important  analytical  reagent,  owing 
to  its  property  of  forming  a bright  scarlet 
insoluble  nickel  derivative.  It  thus  becomes 
possible  to  estimate  nickel  simply  and  accu- 
rately, in  the  presence  of  iron,  aluminium, 
chromium,  cobalt,  zinc,  or  manganese,  all  of 
which  form  soluble  derivatives.  In  addition, 
an  excellent  qualitative  test  for  nickel  in  the 
presence  of  cobalt  is  supplied.  For  the  latter 
purpose,  a pinch  of  the  oxime  is  added  to  the 
.solution  containing  excess  of  ammonia  or 
-sodium  acetate,  and  the  liquid  boiled.  A scarlet 
precipitate  is  obtained  even  when  there  is 
present  only  one  part  of  nickel  in  two  million 
parts  of  solution  (Tschugaeff,  Ber.  1905,  38, 
2520 ; Compt.  rend.  1907,  145,  679 ; Kraut, 
Zeitsch.  angew.  Chem.  1906,  19,  1793).  OJ 
milligram  of  nickel  can  be  detected  in  the 
presence  of  5000  times  as  much  cobalt. 

For  the  quantitative  estimation  of  nickel,  the 
acid  solution  is  heated  nearly  to  boiling ; a 
slight  excess  of  1 p.c.  alcoholic  dimethylglynxime 
is  added,  and  then  a small  excess  of  either  am- 
monia or  sodium  acetate.  The  precipitate  is 
filtered  while  hot  on  to  a Gooch  crucible,  washed 
with  hot  water,  and  dried  at  110°- 120°.  Its 
formula  is  (CH3-C:NO)2Ni-|  (CH3-C:NOH)„  and 
it  contains  20*31  p.c.  of  nickel ; it  has  no  definite 
melting-point,  but  sublimes  at  250°.  Am- 
monium salts  do  not  interfere ; if  the  acetate 
method  is  employed,  the  original  solution  should 
be  nearly  neutralised  with  ammonia  before 
VoL.  II.— T. 


adding  the  oxime  and  acetate  (Brunck,  Zeitsch- 
angew.  Chem.  1907,  20,  1844).  As  the  precipi- 
tate of  nickel  glyoxime  is  very  voluminous,  it  is 
advisable  to  work  with  solutions  containing  not 
more  than  about  0*1  gram  nickel,  owing  to  the 
difficulty  of  filtration,  and  again  in  order  to  avoid 
waste  of  material,  the  cobalt,  if  present,  should 
not  exceed  0*1  gram,  otherwise  a large  excess  of 
ammonium  hydroxide  and  dimethylglyoxime 
is  necessary  in  order  to  prevent  its  precipitation. 

By  either  of  the  above  methods,  cobalt  and 
zinc  may  be  separated  from  nickel ; but  about 
twice  the  theoretical  amount  of  reagent  is 
necessary.  Manganese,  of  course,  can  only  be 
separated  by  the  acetate  method.  Iron,  alu- 
minium, and  chromium  may  be  separated  by  the 
ammonia  method,  if  tartaric  acid  be  previously 
added  (and,  in  addition,  ammonium  chloride  in  the 
case  of  chromium).  Iron  may  also  be  separated 
in  acetic  acid  solution,  provided  it  is  in  the  ferrous 
state  (Brunck,  Zeitsch.  angew.  Chem.  1907,  20, 
1845  ; Prettner,  Chem.  Zeit.  1909,  33,  396,  411  ; 
Ivanicki,  Chem.  Zeit.  Rep.  1908,  32,  644 ; 

Rhead,  Analyst,  1910,  35,  97  ; a Analysis). 

The  oxime  is  sufficiently  expensive  to  make 
its  recovery  desirable.  This  may  be  effected  by 
dissolving  the  nickel  derivative  in  aqueous 
potassium  cyanide  and  acidifying  with  acetic 
acid.  The  precipitated  dimethylglyoxime  is 
purified  by  recrystallisation  from  hot  alcohol, 
after  decolourisation  with  charcoal  {v.  Ketones). 

DIMETHYLMALONIC  ACID  v.  Glutaric 


ACID. 

DIMETHYLOXALIC  ACID  v.  Hydroxy- 
butyric  ACIDS. 

aa-DIMETHYLPROPIONIC  ACID  i;.  Valeric 

ACID. 

DIMETHYLPYRROLE  v.  Bone  oil. 
DIMETHYLSAFRANINES  v.  Azines. 
DIMETHYLTRIAZINE,  Diazoaminometlieme 
V.  Diazo-  compounds. 

DINAPHTHAZINES  v.  Azines. 
DINITROANTHRAQUINONES. 

1 : 5-Dinitroanthraquinone  (m.p.  330°) 

CO  NOa 

^/\/\ 

I 


NO2  CO 


is  made,  together  with  the  1 : 8 isomeride,  by 
adding  sodium  nitrate  to  anthraquinone  dis- 
solved in  sulphuric  acid.  By  extraction  with 
alcohol  or  acetone  the  1 : 8-dinitroanthraquine 

(m.p.  312°)  NOpCO  NOp 


Co 

is  removed. 

Used  in  the  manufacture  of  anthracene 
blues.  See  Alizarin  and  Allied  colouring 

MATTERS. 

DINITROBENZEKEDIAZO-OXIDE  v.  Diazo- 
compounds. 

DINITROBENZENES  v.  Benzene  and  its 

HOMOLOGUES. 

2 : 4-DINITRO-4'-HYDROXYDIPHENYL- 
AMINE 


NO, 


2 M 
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2 : 4-DmiTRO-4'-HYDROXYDIPHENYLAMINE. 


Made  by  boiling  together  in  water  containing 
chalk  a mixture  of  4-chloro-l  : 3 dinitro- 
benzene  and  ^-aminophenol  in  molecular  pro- 
portions ; m.p.  190°.  Used  in  the  manufacture 
of  sulphide  dyes  {q.v.). 

DINITRONAPHTH  ALENES  v.  Naphthalene. 
DINITROPHENOLS  v.  Nitrophenols  and 

THEIR  HOMOLOGUES. 

DINITROSTILBENEDISULPONHIC  ACID 

N02<(^  )>CH  : CH<^ 

SO3H  SOqH 

Obtained  by  warming  a solution  of  sodium 
p-nitrotoluene  sulphonate  containing  sodium 
hydroxide  with  sodium  hypochlorite  when 
sodium  dinitrostilbenedisulphonate  separates  on 
cooling.  The  free  acid  is  obtained  by  treating 
the  sodium  salt  with  hydrochloric  acid.  Pale 
yellow  needles. 

DINITROTOLUENES  Benzene  and  its 

HOMOLOGUES,  NITRATION  OE. 

DIOCTYLMALONIC  ACID 

Prepared  from  diethylmalonic  ester,  sodium 
methoxide  and  octyl  iodide,  and  subsequent  de- 
composition of  the  ester  thus  formed  with  caustic 
potash  (Conrad  and  Bischolf,  Annalen,  204, 
163) ; m.p.  75°. 

DIOFORM.  Trade  name  for  symm.  l-2-di- 

CHCl 

chlor  ethylene  (acetylene  dichloride)  |i 

CHCl 

{q.v.)-  Suggested  as  an  anaesthetic. 

DIOGEN.  Trade  name  for  sodium  amino- 
naphthol-disulphonate. 

DIOGENAL,  Trade  name  for  dibromo- 
propyl  diethylbarbituric  acid. 

DIONINE.  Ethyl  morphine  hydrochloride, 
V.  Opium  and  Synthetic  drugs. 

DIOPSIDE.  A double  salt  meta-silicate  of 
calcium  and  magnesium  in  which  a part  of  the 
magnesium  is  usually  replaced  isomorphously 
by  an  equivalent  amount  of  ferrous  oxide,  the 
formula  being  Ca(Mg,Fe)(Si03)2.  It  is  a member 
of  the  monoclinic  series  of  the  pyroxene  group, 
and  is  of  importance  as  a rock-forming  mineral ; 
while  occasionally,  when  transparent  and  of  a 
rich  bottle-green  colour,  it  is  employed  as  a 
gem-stone.  The  depth  of  colour,  sp.gr.  (3 '2-3 '3), 
and  other  physical  characters  vary  with  the 
percentage  of  iron  present,  which  in  material 
of  gem  quality,  such  as  the  crystals  from  Ala 
in  Piedmont,  and  the  Zillerthal  in  the  Tyrol, 
amounts  to  about  3-4  p.c.  EeO.  The  hardness 
is  6.  L.  J.  S. 

DIOPTASE.  Hydrous  silicate  of  copper, 
H2CuSi04,  crystallising  in  the  rhombohedral 
system  with  parallel-faced  hemihedrism.  The 
water  is  expelled  only  at  a red  heat,  and  the 
formula  has  consequently  been  variously  inter- 
preted as  an  acid  ortho -silicate,  or  as  a basic 
meta-silicate.  F.  Zambonini  (1908)  concludes 
from  dehydration  experiments  that  the  formula 
is  CuSiO'g-HaO,  with  the  water  held  in  solid 
solution  in  the  meta-silicate.  The  mineral  is 
of  a characteristic  emerald-green  colour  (hence 
the  name  emerald- copper ; Ger.,  Kupfer- 
Schmaragd),  and  transparent  crystals  have 
occasionally  been  cut  as  gem-stones.  For  this 
purpose,  however,  the  hardness  (H.=5)  is 
rather  low  ; sp.gr.  3-3.  The  best  crystals  are 
found  on  the  limestone  hill  of  Altyn-Tiibe  in 


the  Kirghiz  Steppes,  Siberia,  and  in  the  copper 
mines  near  Mindouh  in  the  French  Congo. 

An  allied  mineral,  'plancheite  (of  A.  Lacroix, 
\Q0^,=shaUuckite  of  W.  T.  Schaller,  1915), 
occurs  as  blue,  fibrous  concretions  associated 
with  dioptase  in  the  French  Congo.  This  has 
the  composition  2CuSi03‘H20,  representing  a 
partly  dehydrated  dioptase.  L.  J.  S. 

DIORITE.  An  igneous  rock  composed  essen- 
tially of  plagioclase  felspar  (oligoclase  to  labrado- 
rite)  and  hornblende,  and  with  a coarse-  to 
medium-grained  crystalline-granular  texture. 
It  belongs,  with  granite,  to  the  series  of  plutonic 
rocks,  and  is  of  intermediate  composition 
(SiO^,  52-60  p.c.),  falling  between  syenite  and 
gabbro.  Its  volcanic  equivalent  is  andesite. 
Other  minerals  may  also  be  present  as  essential 
constituents  of  the  rock,  and  accordingly  the 
following  varieties  are  distinguished : horn- 
blende-diorite  (diorite  proper),  augite-diorite, 
enstatite- diorite,  mica-diorite  (the  mica  here 
being  biotite),  quartz-mica-diorite,  c[uartz- 
diorite  (or  tonalite).  The  colour  is  usually  dark 
grey  or  greenish-black,  and  for  this  reason  the 
rock  is  included  under  the  general  term  ‘ green- 
stone.’ The  sp.gr.  ranges  from  2-8  to  3-1  ; the 
porosity  is  low,  0-25  p.c.  ; and  the  crushing 
strength  1640  to  1830  tons  per  square  foot. 
Under  I.  is  given  Brogger’s  average  of  sixteen 
analyses  of  typical  diorites  ; analysis  II.  is  of 
diorite  from  Strathspey,  Scotland ; HI.  of 
quartz -diorite  from  Spanish  Peak,  Plumas  Co., 
California  (including  BaO  0’04,  CO2  0‘20, 
P.2O5  0’25,  SO3  0-03)  ; IV.  hornblende-augite- 
diorite  from  Inchnadampf,  Sutherlandshire 


(including 

CO2  0-54). 

I. 

II. 

III. 

IV. 

' Si02 

. 56-52 

53-22 

59-68 

52-47 

Ti02 

. 0-25 

— 

0-65 

— 

AI2O3 

. 16-31 

16-84 

17-09 

12-15 

Fe203 

. 4-28 

— 

2-85 

3-47 

FeO 

. 5-92 

9-27 

2-75 

5-23 

CaO 

. 6-94 

8-53 

6-62 

9-71 

MgO 

. 4-32 

6-48 

3-54 

9-94 

K2O 

. 1-44 

1-39 

1-31 

2-26 

NagO 

. 3-43 

3-54 

3-87 

2-81 

H2O 

. 1-03 

0-95 

1-15 

1-62 

100-34 

100-22 

100-03 

100-20 

Diorites  are  of  wide  distribution  and  are 
very  common  in  association  with  granitic  rocks 
in  the  southern  ujDlands  and  highlands  of 
Scotland.  They  are  extensively  quarried  for 
road-metal  and  paving-setts  in  the  Channel 
Islands,  Guernsey,  Jersey,  and  Alderney,  and 
at  Brazil  Wood  near  Mount  Sorrel  in  Leicester- 
shire. Owing  to  the  difficulty  of  working  the 
rock  and  its  dull  colour,  it  is  not  much  used  as 
a building  stone,  except  locally.  Certain  coarse- 
grained varieties  are,  however,  polished  for 
ornamental  purposes.  For  example,  a variety 
from  Corsica,  known  as  napoleonite,  corsite, 
or  ball  diorite,  shows  a spheroidal  structure 
with  alternating  concentric  layers  of  light  felspar 
and  dark  hornblende.  L.  J.  S. 

DIOSCORINE  CigHjgOgN,  greenish-yellow 
plates,  m.p.  43 ‘5°,  occurs  in  Dioscorea  hirsuta 
(Blume)  tubers  of  Japan.  Bitter  and  poisonous 
(Gorter,  Pec.  trav.  chim.  1911,  30,  161).  Has 
an  action  like  picrotoxin. 

DIOSPHENOL,  Buchu  camphor  v.  Buchu. 

DIOXINE.  Gambine  H.  l-nitroso-2  : 7- 
diliydroxynaphthalene,  v.  Quinoneoxime  dyes. 


DIPHENYL. 
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DIOXOREA.  A genus  of  plants  of  the 
Dioxoreaceous  order,  the  tubers  of  which  are 
known  as  yams,  and  are  largely  eaten  in  the 
West  Indies  and  other  tropical  countries.  D. 
batatas  (Decne.)  is  the  plant  producing  tubers 
known  as  ‘ sweet-potatoes,’  which  are  cooked  and 
eaten  as  a substitute  for  potatoes. 

DIOXYGEN.  Trade  name  for  a 3 p.c. 
solution  of  hydrogen  peroxide. 

DIPHENAL,  Diayninohydroxydifhenol,  used 
as  a photographic  developer. 

DIPHENAZINE  v.  Azines. 

o-DIPHENETIDINE  v.  Diphenyl. 

DIPHENYL.  This  hydrocarbon,  which  has 
the  molecular  formula  structurally 

composed  of  two  benzene  nuclei  joined  together 
by  a bond  linking  two  carbon  atoms,  one  in  each 
ring.  The  carbon  atoms  are  numbered  for  the 
purposes  of  nomenclature  in  the  following 
way  : — 

32  2'  3' 


Although  of  minor  importance,  diphenyl  is 
nevertheless  the  parent  substance  of  a large 
number  of  important  bases  which  have  found 
application  in  the  preparation  of  the  so-called 
substantive  cotton  dyes,  that  is  to  say,  of 
colouring  matters  which  will  affix  themselves  to 
the  vegetable  fibres  without  the  aid  of  a mordant. 
These  bases  are,  however,  not  derived  directly 
from  the  hydrocarbon,  but  are  prepared  by  an 
indirect  method  which  will  be  described  later. 

Diphenyl  was  originally  obtained  by  Fittig 
(Annalen,  121,  363)  from  an  ethereal  solution  of 
bromobenzene  by  the  action  of  metallic  sodium 
CeH^Br  + BrCgHg  + 2Na  + 2NaBr 

but  it  is  more  conveniently  prepared  by  the 
method  chscovered  by  Berthelot  (Ann.  Chim. 
Phys.  [4]  9,  453  ; [4]  12,  185),  who  obtained  it 
by  passing  the  vapour  of  benzene  through  a red- 
hot  tube 

CeH^H+HCsH,  + 

The  following  procedure  is  recommended 
(Schultz,  Ber.  9,  547  ; Hiibner,  Annalen,  209, 
339  ; Smith  and  Lewcock,  Chem.  Soc.  Trans. 
1912,  101,  1453  ; [apparatus]  La  Coste  and 
Sorger,  (Annalen  230,  5).  The  vapour  from  a 
cjuantity  of  benzene  (free  from  thiophen), 
contained  in  a large  flask  heated  on  the  water- 
bath,  or  produced  by  dropping  the  liquid  into 
a copper  flask  heated  to  150°,  is  allowed  to  pass 
through  an  iron  tube,  filled  with  pumice,  which 
is  heated  to  about  720°  in  a combustion  furnace  ; 
the  lower  end  of  the  iron  tube  is  attached  to  a 
condenser  and  receiver,  in  which  the  products 
are  collected.  When  all  the  benzene  has  dis- 
tilled over,  the  distillate  is  again  placed  in  the 
flask,  and  the  vapour  passed  anew  through  the 
red-hot  tube,  or  the  process  may  be  made 
continuous.  The  ultimate  product  is  then 
fractionally  distilled,  and  the  portion  boiling 
between  250°  and  260°, which  solidifies  on  cooling, 
is  purified  by  recrystallisation  from  alcohol. 
The  yield  is  about  50-60  p.c.  The  pyrogenic 
preparation  can  also  be  effected  by  means  of  an 
incandescent  filament  of  carbon,  platinum,  or 
nickel  (Lob,  Zeitsch.  Elektrochem.  1902,  8,  777). 
Diphenyl  separates  from  alcohol  as  large, 
lustrous  laminse  which  melt  at  70 ‘5°.  It  boils 
at  254°  (corr.),  and  is  insoluble  in  water.  The  ( 
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hydrocarbon,  when  oxidised  by  chromic  acid 
passes  into  benzoic  acid. 

Bennett  and  Turner  (Chem.  iSoc.  Trans. 
1914,  105,  1057)  found  that  chromic  chloride 
reacted  quantitatively  with  magnesium  phenyl 
bromide  to  form  diphenyl.  Krizewsky  and 
Turner  (Chem.  Soc.  Trans.  1919,  115,  559)  have 
observed  that  anhydrous  cupric  chloride  behaves 
similarly,  yields  of  about  85  p.c.  of  the  theoretical 
amount  of  diphenyl  being  thus  obtained. 

Derivatives  of  D^henyl  and  their  Orientation. 
—The  more  important  derivatives  of  diphenyl 
are  not  prepared  directly  from  the  hydrocarbon, 
but  from  certain  nitro-  derivatives  of  benzene  in 
a manner  to  be  described  later.  The  hydro- 
carbon yields,  however,  halogen,  nitro-  and  sul- 
phonic  acid  derivatives  analogous  to  those  pre- 
pared from  benzene,  substitution  taking  place 
in  either  one  or  both  rings  according  to  the 
conditions  of  the  experiment.  The  method  of 
orientation  adopted  for  these  compounds  may 
be  briefly  described  as  follows  (Schultz,  Annalen, 
174,  201  ; Schmidt  and  Schultz,  ibid.  207,  320), 
When  diphenyl  is  treated  with  bromine,  it  yields  a 
monobromodiphenyl,  a substance  which,  on  oxida- 
tion, is  converted  into  p-bromobenzoic  ac-id,  thus  : 


It  follows,  therefore,  that  in  bromodiphenyl  the 
bromine  atom  must  have  entered  in  the  para- 
position  with  respect  to  the  linking  carbon 
atom.  When  bromodiphenyl  is  treated  with 
nitric  acid,  it  is  converted  into  a monobromo- 
mononitrodiphenyl,  a substance  which,  on 
oxidation,  yields  a mixture  of  p-bromobenzoic 
acid  and  p-nitrobenzoic  acid.  It  is  therefore 
apparent  that  the  formula  of  this  bromonitro- 
derivative  must  be  : 


The  same  compound  is  also  obtained  from 
dinitrodiphenyl  by  first  reducing  this  to  nitro- 
aminodiphenyl  (m.p.  198°)  and  then  replacing 
the  amino-  group  by  bromine  by  means  of  the 
diazo-  reaction.  Hence  dinitrodiphen3d  and  its 
reduction  product  are  di-para-  derivatives. 
Since,  however,  nitroaminodiphenyl,  on  reduc- 
tion, furnishes  the  diamino-  derivative,  benzidine, 
the  latter  is  also  a di-para-  compound,  or 
4 : 4'-diaminodiphen3d,  the  preparation  of  which 
is  described  later. 

The  transformation  of  the  simplest  aromatic 
hydrocarbon  benzene  into  diphenyl  by  the  action 
of  heat  has  already  been  mentioned.  This 
transformation  can,  however,  be  effected  much 
more  readily  by  the  oxidation  of  certain  deriva- 
tives of  benzene,  and  especially  those  which,  like 
the  phenols,  have  a reactive  hydrogen  in  the 
para-  position  with  respect  to  the  substituting 
group.  Thus  phenol  itself  and  also  resorcin 
readily  jiass  into  derivatives  of  diphenyl  when 
fused  with  potash  (Barth,  Annalen,  156,  95). 
With  hydroquinone,  the  transformation  is  still 
more  readily  effected  and  the  action  of  the 
mildest  oxidising  agents  is  sufficient  for  the 
purpose  (Nietzki  and  Bernard,  Ber.  31,  1334). 

The  primary  bases  of  the  benzene  series,  such 
as  aniline,  do  not  lend  themselves  to  the  pro- 
duction of  derivatives  of  chphenyl,  but  the  ter- 
tiary bases  readily  do  so  ; thus  dimethylaniline 
yields  tetramethylbenzidine  when  oxidised 
(Michler  and  Pattinson,  Ber.  14,  2162  and  2164) 
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It  has  also  been  found  that  certain  azo- 
derivatives of  benzene  can  be  transformed  by 
oxidation  into  tetrazo-  derivatives  of  diphenyl, 
and  in  this  way  Congo  red  can  be  formed  by 
treating  benzeneazonaphthionic  acid  with 
manganese  dioxide  and  sulphuric  acid  : 

CeH,N=N-CioH5(NH,)S03H 

+ 0 

CeH,N=N-CioH5(NH,)S03H 

C3H4— N-N— CioH6(NH2)S03H 
I +H2O 

CgH^— N-N— CioH5(NH,)S03H 

^ Derivatives  of  diphenyl  can  also  be  prepared 
from  certain  diazonium  salts  of  the  benzene 
series.  Thus  Kiihling  has  shown  (Ber.  28,  41  ; 
29,  165)  that  when  an  ^sodiazo-  salt  is  treated 
with  an  aromatic  hydrocarbon  in  the  presence  of 
an  acid  chloride,  the  following  reaction  ensues  : — 


N0.-C6H4N30K+CeH6+CH3C0Cl 

^ ->N02C6H4-C6H5+N2+KC1+CH3C02H 


This  reaction  has  been  simplified  by  Bam- 
berger (Ber.  28,  403  ; 29,  272  and  465),  who  uses 
free  ^5odiazobenzene  hydroxide,  and  shows  that 
it  passes,  in  the  presence  of  benzene,  without  any 
condensing  agent,  into  a derivative  of  diphenyl. 
Many  derivatives  of  diphenyl  can  also  be  formed 
by  the  method  of  Ullmann,  in  which  halogen  deri- 
vatives of  benzene  are  treated  with  finely  divided 
copper  (Ber.  43,  2682  ; Annalen,  1904,  332,  38). 

Benzidine  and  the  ‘ Benzidine  Rearrange- 
ment.’’— The  benzidine  rearrangement,  which 
has  been  widely  applied  to  the  preparation  of  a 
large  number  of  important  bases  used  in  the 
production  of  the  substantive  cotton  dyes,  is 
the  name  given  to  the  change  which  an  aromatic 
hydrazo-  compound  undergoes  when  treated 
with  acids  or  certain  acid  reagents.  The  change 
is  effected  by  the  wandering  of  the  hydrogen 
atom  which  is  in  the  para-  position  in  each  ring- 
on  to  the  nitrogen  atom  attached  to  that  ring  ; 
at  the  same  time,  the  link  between  the  nitrogen 
atoms  is  broken,  and  the  two  aromatic  nuclei  are 
joined  together.  It  is  apparent,  therefore,  that 
only  those  hydrazo-  derivatives  of  benzene  which 
have  their  para-  position  free  will  undergo  this 
transformation. 


NH— CfiH^H 


NH— CeH^H 

< - 
H y dr  a zo  be  nze  ne . 


NH,— C6H4 

I 

NHg— 

Benzidine. 


The  history  of  the  discovery  of  this  re- 
arrangement is  briefly  as  follows  : Zinin  (J.  pr. 
Chem.  36,  93),  in  the  first  instance,  showed  that 
azobenzene  ClgHg  — N=N  — CgHg,  when  treated 
with  alcoholic  ammonium  sulphide,  passed  into  a 
crystalline  compound  which,  when  dissolved  in 
alcohol  and  boiled  -with  sulphuric  acid,  gave  the 
sparingly  soluble  sulphate  of  a base.  This  base 
he  called  benzidine. 

It  soon  became  apparent  that  the  substance 
responsible  for  the  formation  of  benzidine  must 
be  an  intermediate  product  formed  by  the  action 
of  the  reducing  agent  on  azobenzene.  This 
view  was  confirmed  experimentally  by  A.  W. 
Hofmann  (Jahresbericht,  1863,  424),  who  pre- 
pared the  intermediate  product,  hydrazobenzene, 
and  found  that  it  passed  with  remarkable  ease 
into  benzidine  when  treated  with  mineral  acids.  I 


Finally,  Fittig  (Annalen,  124,  280)  showed  that 
benzicline  was  identical  with  the  base  formed  by 
the  reduction  of  4-4'-dinitrodiphenyl,  and  hence 
established  the  constitution  of  the  base  as 
; 4-4'-diaminodiphenyl. 

Manufacture  of  Benzidine. — A jacketed  iron 
pan  fitted  with  an  agitator,  reflux  condenser,  &c., 
is  charged  with  100  kilos,  of  nitrobenzene  and 
50  kilos,  of  alcohol.  This  mixture  is  heated  to 
boiling,  and  150-160  kilos,  of  zinc  dust  are 
added.  The  stirring  must  be  very  efficient 
during  the  next  operation,  which  requires  5-6 
hours,  of  adding  gradually  a mixture  of  100 
kilos,  of  alcohol  and  40  kilos,  of  sodium  hydroxide 
solution  (36°-40°B.).  The  reaction  is  vigorous 
and  is  regulated  by  the  rate  of  addition  of  the 
alkali  and,  if  necessary,  by  cooling.  When  all 
the  alkali  has  been  added  the  mixture  is  stirred 
until  it  is  of  a uniformly  grey  colour,  and  to 
obtain  this  more  zinc  may  have  to  be  introduced. 
The  alcohol  is  then  distilled  off  by  means  of 
steam,  and  the  residue  is  thrown  on  a fine 
sieve  which  retains  the  hydrazobenzene  and 
allows  the  zinc  dust,  zinc  oxide,  &c.,  to  pass 
through.  Another  method  of  working  up  con- 
sists in  diluting  the  reduction  mixture  with 
water,  carefully  neutralising  with  hydrochloric 
acid,  and  filtering  off  the  hydrazobenzene. 

The  latter  is  transformed  into  benzidine  by 
mixing  it  with  ice  and  acidifying  with  con- 
centrated hydrochloric  acid.  After  some  time 
water  is  added  and  steam  introduced  so  as  to 
dissolve  the  benzidine  hydrochloride,  the  solu- 
tion is  filtered,  and  the  benzidine  sulphate 
precipitated  by  adding  sodium  sulphate  solution. 
This  is  filtered  off,  washed,  and  the  base  obtained 
by  boiling  with  sodium  hydroxide  solution, 
cooling,  collecting,  and  distilling  in  a vacuum 
still.  The  yield  is  about  80  p.c.  of  the  theoretical. 

The  above  process  can  also  be  carried  out 
without  the  use  of  alcohol,  or  solvent  naphtha 
can  be  employed  instead. 

The  electrolytic  reduction  of  nitrobenzene 
to  hydrazobenzene  is  the  subject  of  a number 
of  patents,  but  it  would  not  appear  that  this 
method  is  yet  applied  on  the  large  scale  {cf. 
Lob,  Ber.  1900,  33,  2329). 

The  production  of  benzidine  from  azobenzene 
is  easily  effected  by  an  electrolytic  method  with 
titanium  salts  or  vanadium  trioxide  used  as 
catalysts.  The  azobenzene  is  suspended  in 
30  p.c.  sulphuric  acid  containing  10  p.c.  titanous 
sulphate  ; a lead  cathode  is  used  with  a current 
of  3-4  amp.  per  square  dcm.  at  3-4  volts 
(D.  R.  PR  168273  and  172654). 

The  presence  of  small  quantities  of  hydriodic 
acid  facilitates  the  reduction  of  azobenzene  to 
benzidine  by  means  of  sulphurous  acid  (D.  R.  P. 
172569). 

Benzidine,  when  pure,  forms  colourless 
lustrous  laminse,  which  melt  at  127'5°-128°  ; it 
boils  at  400°-401°  (740  mm.).  The  base  is 
characterised  as  a para-  derivative  by  the 
formation  of  quinone  when  it  is  oxidised  by 
manganese  dioxide  and  sulphuric  acid.  It 
can  be  identified  by  a number  of  colour  re- 
actions : chlorine,  bromine,  potassium  perman- 
ganate, potassium  ferricyanide,  and  chromic 
acid,  producing  characteristic  shades.  The 
most  characteristic  salts  of  benzidine  are  the 
sulphate  Ci2Hi2N.2,H2S04,  and  the  chromate 
C42H42N2,H2Cr04.  Both  salts  are  sparingly 
soluble  in  alcohol  and  in  water. 
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When  treated  with  nitrous  acid,  benzidine 
hydrochloride  is  transformed  into  a tetrazonium 
salt  of  diphenyl 

CgH^NaCl 

C6H4N2CI 

which  reacts  readily  with  the  usual  second  com- 
ponents of  the  azo-  colouring  matters,  forming 
azo-  compounds,  the  solutions  of  which  possess 
the  property  of  dyeing  the  vegetable  fibres 
without  the  aid  of  a mordant.  The  number  of 
colouring  matters  of  this  kind  prepared  from 
benzidine  is  largely  increased  owing  to  the  in- 
soluble character  of  the  diazonium  salt 


CeH^NoX 

ieH.N^Cl 

in  which  one  molecule  of  a second  component, 
XH,  has  combined  with  the  tetrazonium  salt 
derived  from  benzidine.  These  diazonium  salts, 
when  combined  with  some  other  second  com- 
ponent, YH,  yield  mixed  azo-  colouring  matters 
of  the  formula 

C8H4N2X 

C6H4N,Y 


Benzidine  in  the  presence  of  hydrogen  per- 
oxide is  used  as  a test  for  blood,  with  which  it 
gives  a blue  colouration.  The  test  solution  is 
made  by  taking  10  drops  of  a concentrated 
solution  of  benzidine  in  glacial  acetic  acid,  and 
adding  2 c.c.  of  a 3 p.c.  solution,  of  H^Oa. 
Sensitiveness — 1 part  in  200,000.  (Utz,  Chem. 
Zeit.  1907,  31,  737  ; Schumm,  Pharm.  Zeit. 
1907,  52,  604 ; McWeeney,  Sci.  Proc.  Boy. 
Dubl.  Soc.  1909,  12,  216  ; Bordas,  Compt.  rend. 
1910,  150,  562  ; Gigli,  Boll,  chim,  farm.  1910, 
49,  955  ; cf.  0.  and  B.  Adler,  Zeitsch.  physiol. 
Chem.  1904,  41,  59.) 

Homologues  and  Derivatives  of  Benzidine  used 
in  the  Pre'paration  of  the  Susbtantive  Cotton  Dyes. 
— Although  a great  many  of  the  derivatives  of 
benzidine  yield  azo-  colouring  matters  which  are 
substantive  to  the  vegetable  fibres,  yet  this 
property  is  largely  dependent  on  the  position  of 
the  groups  substituting  the  hydrogen  atoms  of 
the  diphenyl  molecule.  Thus  it  has  been  found 
that  when  the  ^bstituting  groups  are  in  the 
meta-  position  to  the  coupling  bond,  as  in 


and  NHo 


o-Tolicline. 

OCH3  OCH3 


o-Dianisidiiie. 

the  azo-  colours  formed  are  substantive  to 
cotton.  Jf,  however,  groups  are  in  the  ortho- 
position,  a.,  in 

_l  I 

Benzidine-m-(lisiilphonic  acid. 

COoH  CO,H 


and  NH-^ 


Diaminodiphenic  acid. 


NH. 


the  property  of  the  azo-  colours  of  dyeing  un- 
mordanted vegetable  fibre  is  lost.  The  ortho- 
derivatives nevertheless  yield  substantive  cotton 
dyes  if  ring  formation  takes  place  between  the 
substituting  groups  in  those  positions  ; thus  : 


Diaminocarbazoic. 


NHp/ 


/ 

\so, 

Benzidine  snlplione. 


\nh. 


yield  azo-  dyes  substantive  to  cotton. 

Benzidine-o-disidphonic  acid  is  prepared  by 
heating  benzidine  sulphate  with  2 parts  of  sul- 
phuric acid  for  36-48  hours  at  210°  (Ber.  1889, 
22,  2464;  Eng.  Pat.  1074,  1884;  D.  B.  P. 
27954). 

o-Dichlorobenzidine  is  prepared  from  o- 
chloronitrobenzene,  and  is  also  produced  by 
chlorinating  diacetylbenzidine  (Eng.  Pat.  25725, 
1896;  Fr.  Pat.  265155;  D.  B.  P.  94410; 
U.S.  Pat.  625174).  It  melts  at  133°. 

m-N itrobenzidine,  obtained  by  treating  a 
solution  of  benzidine  in  sulphuric  acid  with  one 
equivalent  of  nitric  acid  or  potassium  nitrate 
(Tauber,  Ber.  1890,  23,  796;  Eng.  Pat.  13475, 
1892  ; Fr.  Pat.  223176 ; D.  B.  P.  72867 ; U.S.  Pat. 
493583),  melts  at  143° ; when  two  equivalents  of 
the  nitrating  agent  are  used,  m-dinitrobenzi- 
dine,  m.p.  214”,  is  produced.  Mononitration  of 
diacetylbenzidine  or  phthalylbenzidine,  and 
subsequent  hydrolysis  of  the  product,  furnishes 
o-nitrobenzidine,  m.p.  190°  (Koller,  Ber.  1904, 
37,  2883;  Fr.  Pat.  203468),  whilst  two  different 
o-dinitrobenzidines,  m.p.  275°  and  233°,  are  ob- 
tained by  the  dinitration  of  diacetylbenzidine 
and  diphthalylbenzidine  respectively  (Trans. 
Chem.  Soc.  1912,  101,  2298). 

The  following  compounds,  prepared  from  the 
corresponding  nitro-  derivatives  of  benzene,  are 
of  importance  ; — 

o-Tolidine,  4 - 4'  - diamino  - 3 - 3'  - dimethyl 
diphenyl  NHyC8H3(CH3)-C6H3(CH3)NH2  from 
o-nitrotoluene,  forms  glistening  plates,  melting 
at  129°.  It  is  sparingly  soluble  in  water,  but 
readily  soluble  in  alcohol  and  in  ether.  The 
sulphate  is  sparingly  soluble  in  water. 

o-Dianisidine,  4-4'-diamino-3-3'-dimethoxy- 
diphenyl  NH2-C6H3(OGH3)-C6H3(OCH3)NH2, 
from  o-nitroanisole,  forms  colourless  leaflets, 
melting  at  135°.  (For  its  manufacture,  see 
Jansen,  Zeitsch.  Farb.  Ind.GfilS,  12,  247.) 

o-Diphenetidine,  4-4'-diamino-3-3'-diethoxy- 
diphenyl  NH2-C6H3(OC2H5)-C6H3(OC2H5)NH3, 
from  o-nitrophenetole,  forms  needles  or  leaflets 
melting  at  117°.  J.  F.  T. 

DIPHENYLAMINE  was  first  obtained  by 
Hofmann,  in  1864,  by  distilling  aniline  blue 
(Annalen,  132,  163),  and  in  small  quantity  by 
distilling  rosaniline  and  leucaniline.  De  Laire, 
Girard,  and  Chapoteaut  discovered  an  easier 
method  of  preparing  it  by  heating  aniline  with 
the  hydrochloride  at  210°-240°  (Zeitsch.  Chem. 
1866,  438  ; Compt.  rend.  63,  91) 


C8H5NH3+C6H5NH2HC1=NH(C8H5)3-]-NH4C1 


This  reaction  is  greatly  facilitated  by  the  use  of 
certain  catalysts.  It  may  also  be  obtained  by 
heating  phenol  with  the  double  compound  of 
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aniline  and  zinc  chloride  at  250°-260°  (Merz  and 
Weith,  Ber.  13,  1298,  1880)  : 

CsH5NH2+CeH50H=(CeH5),NH+H20 

and  by  heating  aniline  and  diazoaminobenzene 
to  150°  till  the  evolution  of  nitrogen  ceases.  In 
this  last  reaction,  ortho-  and  para-  aminodiphenyl 
are  formed  at  the  same  time  (Hirsch,  D.  B,  P. 
62309).  Diphenylamine  has  also  been  prepared 
by  the  action  of  aniline  on  bromobenzene  in 
presence  of  cuprous  iodide  (Goldberg,  D.  R.  P. 
187870,  1906).  Aniline,  when  heated  with 

ferric  chloride,  finely  divided  copper,  and  iodine, 
is  converted  into  diphenylamine.  Other  cata- 
lysts can  also  be  used  (Rogers  and  de  Nemours, 
U.S.  Pat.  1314538). 

Manufacture. — Aniline  (1  mol.)  is  heated  with 
aniline  hydrochloride  (1  mol.)  for  30-35  hours  in 
an  autoclave  at  22()°-230°.  The  product  is 
extracted  with  hot  dilute  hydrochloric  acid 
which  dissolves  the  aniline  hydrochloride  and 
converts  the  diphenylamine  into  the  free  base, 
forming  an  oil  which  solidifies  on  cooling.  The 
cake  of  diphenylamine  is  washed  and  then  dis- 
tilled alone  or  in  a current  of  steam.  Yield, 
60-70  p.c.  of  the  aniline  employed.  It  is  used 
in  the  manufacture  of  diphenylamine  blue, 
diphenylamine  orange,  and  aurantia  {v.  infra). 

Properties. — Monoclinic  laminae  ; m.p.  54°  ; 
b.p.  310°  ; almost  insoluble  in  water,  soluble  in 
alcohol,  benzene,  and  ether.  It  is  feebly  basic, 
and  the  salts  are  hydrolysed  by  an  excess  of 
water. 

Reactions.' — The  hydrogen  of  the  imino-  group 
is  replaceable  by  alkyl  or  acyl  radicals  (Bose- 
ken,  Rec.  trav.  chim.  1912,  31,  350).  With 
methyl  iodide  it  gives  a methyl  derivative ; 
with  benzyl  chloride,  a benzyl  derivative.  With 
formic  or  oxalic  acid  it  yields  formyldiphenyl- 
amine,  m.p.  74° ; with  acetic  acid  or  the  acid 
chloride,  an  acetyl  derivative,  m.p.  103°  ; and 
with  benzoyl  chloride,  a benzoyl  derivative, 
m.p.  180°.  When  heated  with  zinc  chloride,  the 
acyl  derivatives  lose  water  and  form  acridine 
derivatives.  Formyldiphenylamine  gives  acri- 
dine 


The  acetyl  compound  yields  methylacridine 
(Bernthsen  and  Bender,  Ber.  1883,  16,  767). 
Diphenylamine  also  gives  acridine  by  heating 
with  chloroform  and  zinc  chloride  or  aluminium 
chloride 

(CeH5)2NH  + CHCl3=CeH  / | >CeH,  + 3HCl 

(0.  Fischer  and  Korner,  Ber.  1886,  17,  101). 
With  excess  of  oxalic  acid,  diphenylamine  is 
converted  into  diphenylamine  blue 

3(CgHA,NH+C02=C^C6H4-NH-CeH5  +2H2O 

\c«H4=NCeH, 

Carbon  tetrachloride  reacts  like  oxalic 
acid,  and  gives  the  same  blue  colour.  With 
sulphur,  thiodiphenylamine,  the  parent  sub- 
stance of  methylene  blue,  is  produced  ; 

(C,H5),NH+2S= + H,S 

(Bernthsen,  Ber.  1883,  16,  2897).  When  the 
vapour  of  diphenylamine  is  passed  through  a red- 
hot  tube,  carbazole  is  formed  : 


CeH,, 

C(,H,)2NH=  I \NH+H, 

CoH4^ 

(Graebe,  Annalen,  167,  127) ; and  the  latter  is 
also  obtained  from  thiodiphenylamine  and 
copper  powder  (Goske,  Ber.  1887,  20,  233). 

Tests. — A solution  of  diphenylamine  in  cone, 
sulphuric  acid  gives  a deep  indigo-blue  colour 
with  nitric,  nitrous  or  chloric  acid  (Ber.  1912, 
45,  2641 ; 1913,  46,  2286;  Chem.  Zeit.  1912,  26, 
1239;  Bull.  Soc.  Chim.  1914,  (14),  15,  186.  The 
commercial  product  is  a pale-yellow  solid,  melting 
not  much  below  54°  ; it  should  contain  no  oil, 
possess  no  unpleasant  odour,  nor  turn  brown  on 
exposure  to  air. 

Derivatives. — By  passing  chlorine  into  a 
solution  of  diphenylamine  in  acetic  acid,  a 
tetrachlorodiphenylamine  is  formed.  4-  chloro- 
2 ‘6  dinitrodiphenylamine  has  been  prepared 
(Ullmann  and  Shrirang,  Ber.  1911,  44,  3730. 
Bromine  in  alcoholic  solution  produces  a tetra- 
bromodiphenylamine ; in  acetic  acid,  a hexa- 
bromo-  derivative  ; and  at  a high  temperature  in 
presence  of  iodine,  an  octo-  and  deca-bromo- 
compound.  Diiododiphenylamine  is  formed  by 
the  action  of  iodine  in  alcoholic  solution  in 
presence  of  mercuric  oxide.  Bromine  deriva- 
tives of  nitrodiphenylamine  are  also  known 
(H.  and  P.  Ryan,  Proc.  Roy.  Irish  Acad.  1919, 
34,  218).  By  nitration  in  acetic  acid  solution, 
a tetranitro-  derivative  is  formed,  whilst  direct 
nitration  yields  a hexanitro-  compound,  crystal- 
lising in  yellow  prisms,  and  melting  at  238°.  The 
latter  has  strongly  acid  characters,  and  gives  an 
ammonium  salt  which  is  used  as  a yellow  dye 
known  as  aurantia  {q.v.).  Nitrosodiphenylamine 
is  obtained  by  acting  upon  the  base  with  amyl 
nitrite. 

Alkyl  Derivatives. — Methyldiphenylamine  is 
obtained  by  heating  together  diphenylamine  (100 
parts)  cone,  hydrochloric  acid  (68  parts),  and 
methyl- alcohol  (24  parts)  for  10  hours  to  250°  in 
an  autoclave  (Girard,  Bull.  Soc.  chim.  [ii.]  23,  2). 
It  is  a liquid  ; b.p.  282°.  The  ethyl  derivative  is 
obtained  in  a similar  way  ; b.p.  293°.  The  amyl 
derivative  boils  at  330°-340°.  Benzyl  chloride 
produces  a benzyl  derivative  which  is  used  in 
the  preparation  of  viridine  and  alkali  green. 

A mino-  Derivatives.  — 2 - Chloro  - 5 -nitroben  - 
zenesulphonic  acid  combines  with  p-phenylenedi- 
amine  to  form  4-nitro-4-aminodiphenylamine 
sulphonic  acid  gQ 

which,  on  reduction,  gives  p-diaminodij^henyl- 
aniine  sulphonic  acid  (Baeyer  & Co.,  D.  R.  P. 
86250,  1894 ; Farb.  vorm.  Meister,  Lucius  and 
Briining,  D.  R.  P.  265197,  1914).  Similar 
derivatives  are  obtained  by  the  action  of 
p-aminophenol,  aminophenol  sulphonic  acid,  and 
p-aminosalicylic  acid.  The  sulphonic  acid  group 
may  be  removed  by  heating  with  dilute  acids 
under  pressure  (Meister,  Lucius,  and  Briining, 
D.  R.  P.  112180,  1899).  Paraphenylenediamine 
and  phenol  in  presence  of  copper  salts  and  a 
solution  of  hypochlorite  are  oxidised  to  p-amino- 
p-hydroxydiphenylamine  (Aktien  Gesell.  D.  R.  P. 
204596,  1907).  Aminohydroxydiphenylamine  is 
also  obtained  by  the  electrolytic  reduction  of 
m-n!itrodiphenylamine  (Piccard  and  Lassen,  J. 
Amer.  Chem.  Soc.  1918,  40,  1079).  Diphenyl- 
amine derivatives  prepared  by  the  action 
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of  primary  aromatic  bases  such  as  p-phenylene- 
diamine,  p-aminophenol,  and  aminosalicylic  acid 
on  (1.3.4)-dinitrochlorobenzene,  (L3.4.6)-di- 
nitrodichlorobenzene,  and  (1.4.3)-nitrochloro- 
benzene  sulplionic  acid,  are  used  in  the  prepara- 
tion of  sulphide  colours,  of  which  the  most  im- 
portant is  dinitroxydiphenylamine 

CeH3(N02)2NH-CeH4(0H) 
obtained  from  p-aminophenol  and  dinitro chloro- 
benzene. Phenoxydinitrodiphenylamine  is  ob- 
tained from  1 3 dichloro  4 '6  dinitrobenzene, 
potassium  phenate  and  aniline  (Porsche,  Ber. 
1917,  50,  1339). 

Diphenylaminedicarboxylic  acid  is  obtained 
by  the  action  of  anthranilic  acid  on  o-chloro- 
benzoic  acid  in  presence  of  finely  divided  copper. 
Other  amino-acids  behave  similarly  (Meister, 
Lucius,  and  Briining,  D.  B.  P.  148179,  1902; 
Purgotti,  Gazetta,  1914,  44,  i,  386). 

Diphenylamine  combines  with  formaldehj^-de, 
and  the  product  forms  an  additive  compound 
with  sodium  bisulphite 

[(C6H5)3N]3+HS03Na 

=:(CsH5)3N-CH.yS03Na+(C6H5)2NH 

(Bad.  Anilin-Sod.  Fab.  D.  R.  P.  158718,  1904). 
For  nitro-  derivatives,  see  Porsche  and  Rant- 
schelf,  Annalen,  1911,  379,  152;  B.  Linke, 
J.  prakt.  Chem.  1915,  ii.  91,  202;  Eckert  and 
Steiner,  Monatsh.  1914,  35,  1153;  Meldola, 
Foster  and  Brightman,  Trans.  1917,  111,  546; 
Ryan  and  Glover,  Proc.  Roy.  Irish  Acad.  1918, 
34,  [B]  97,  194 ; J.  Soc.  Chem.  Ind.  1918,  762,  A ; 
van  Duin  and  van  Lennep,  Rec.  trav.  chim. 
1919,  38,  358;  Hof  man  and  Dame,  J.  Amer. 
Chem.  Soc.  1919,  41,  1413.  J.  B.  C. 

DIPHENYLAMINE  BLUE  v.  Teiphenyl- 

METHANE  COLOURING  MATTERS. 

DIPHENYLAMINE  ORANGE  v.  Azo-  COLOUR- 
ING MATTERS. 

DIPHENYLBISDIAZONIUM  CHLORIDE  v. 

Diazo-  compounds. 

DIPHENYL  BROWN,  -CATECHINE,  -CHRY- 
SOIENES,  -CITRONINE,  -FAST  BLACK,  -FAST 
YELLOW,  -GREEN,  -ORANGE,  -RED  v.  Azo- 
colouring MATTERS. 

DIPHENYL-DIMETHYLOLID 


The  dilactone  of  dihydroxy-diphenyl  dicarboxylic 
acid,  is  the  mother  substance  of  a small  series 
of  colouring  matters,  of  which  but  one  natural 
representative,  ellagic  acid,  is  as  yet  known  to 
exist.  The  methylolid  grouping  — CO — 0 — 
present  in  the  compounds  has  a feebler  chromo- 
phoric  character  than  the  carbonyl  itself,  and 
on  this  account  the  dyeing  properties  of  the 
members  of  this  class  are  inferior  as  regards 
strength  to  those  of  the  benzophenone,  flavone, 
and  allied  dyestuffs.  That  the  diphenyl  linkage 
here  exerts  an  influence  is  certain,  for  gallo- 
tannin  containing  as  it  does  digalloyl  nuclei  : 

(0H)3C3H,— CO— 0— C6H,(0H)3— CO— 0— 

dyes  only  with  iron  and  titanium  mordants, 
and  again  such  an  effect  is  clearly  seen  by  a 
comparison  of  benzophenone  and  fluorenone  : 


for  whereas  the  former  is  colourless,  the  latter 
possesses  a strong  yellow  tint. 

Though  diphenyl- dimethjdolid  is  at  present 
unknown,  diphenyl-methylolid  : 


needles,  melting  at  92-5”,  has  been  prepared  by 
various  methods,  and  of  these  that  of  Richter 
(J.  pr.  Chem.  [2]  28,  294),  who  obtained  it  by 
the  action  of  phosphorus  oxychloride  on  ethyl 
salicylate  : 

[ 

•OEt 

i s the  simplest. 

Colouring  matters  derived  from  diphenyl- 
methylolid  itself  do  not  appear  to  exist  in 
nature,  though  certain  of  them  can  be  readily 
prepared  by  the  action  of  alkali  on  diphenyl  di- 
methylolid  compounds,  in  which  case  hydrolysis 
followed  by  the  elimination  of  a carboxyl  group 
occurs  : 


By  a more  drastic  action  of  the  alkali,  hydroxy- 
diphenyl  derivatives  are  produced  : 


OH  COOH  OH 


Interesting  is  the  fact  pointed  out  by  Graebe 
(Ber.  1903,  36,  214)  that  by  distillation  with 
zinc-dust  diphenylmethylolid  yields  fluorene  : 


in  addition  to  diphenyl  and  methyldiphenyl. 
Formerly  the  production  of  the  first-named 
hydrocarbon  from  ellagic  acid  proved  a stum- 
bling-block in  attempts  to  obtain  a clear  con- 
ception of  its  constitution.  A.  G.  P. 

DIPHENYLENEMETHANE  v.  Fluorene. 

DIPHENYLHYDRAZINE  v.  Hydrazines. 

DIPHENYLHYDRAZONES  v.  Hydrazones. 

DIPHENYLKETONE  v.  Benzophenone  and 

TONES 

DIPHENYLMETHANE  was  first  obtained  by 
Jena,  in  1870  (Annalen,  155,  86),  by  the  dry 
distillation  of  barium  diphenylacetate 

[(C«H5),CH-COO]3Ba 

According  to  Zincke  (Annalen,  159,  374),  it 
is  produced  by  the  action  of  finely  divided 
copper,  iron,  or  zinc  or  their  chlorides,  on  a 
mixture  of  benzyl  chloride  and  benzene  or  by 
heating  benzoylbenzoic  acid  with  soda-lime. 
Friedel  and  Crafts  (Bull.  Soc.  chim.  [ii.]  41,  324) 
and  Schwartz  (Ber.  1881,  14,  1526)  obtained  it 
by  the  action  of  benzene  on  methylene  chloride  in 
presence  of  aluminium  chloride  ; E.  & 0.  Fischer 
(Annalen,  194,  253),  as  by-product  in  the 
formation  of  triphenylmethane  from  chloroform 
and  benzene  in  presence  of  aluminium  chloride  ; 
the  Friedel-Grafts  reaction  applied  to  aromatic 
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alcohols  in  presence  of  benzene  (Huston  and 
Eriedemann,  J.  Amer.  Chem.  Soc.  1916,  38,  25)  ; 
and  Hirst  and  Cohen  (Chem.  Soc.  Trans.  1895, 
67,  826),  by  the  action  of  the  aluminium-mercury 
couple  on  a mixture  of  benzyl  chloride  and 
benzene.  It  is  also  formed  by  the  reduction  of 
benzophenone  (Zincke,  Thorner,  Ber.  1877,  10, 
1473  ; Staedel,  Annalen,  194,  307 ; Graebe, 
Ber.  1874,  7,  1624),  and  by  the  action  of  phos- 
phorus pentoxide  on  benzyl  ethyl  ether  (v. 
Meyer,  J.  prakt.  chem.  1910,  ii.  82,  538).  But  the 
methods  which  have  found  a technical  application 
in  the  production  of  diphenylmethane  derivatives, 
as  well  as  of  the  parent  hydrocarbon,  are  those  of 
(1)  Meyer  and  Wiirster,  which  consists  in  heating 
a mixture  of  benzyl  alcohol,  benzene  and  cone, 
sulphuric  acid  (Ber.  1873,  6,  693),  and  of  (2) 
Baeyer,  in  which  benzene,  formaldehyde,  or 
methylal  are  shaken  together  in  presence  of 
cone,  sulphuric  acid  (Ber.  1873,  6,  221). 

CH,0  + 2CsHe=CH,(CeH,),  + H20 

Properties. — Diphenylmethane  crystallises  in 
long,  colourless,  prismatic  needles,  possesses  a 
fragrant  smell,  melts  at  26°-27°,  and  distils 
without  decomposition  at  261°-262°.  It  dis- 
solves easily  in  alcohol,  ether,  and  chloroform. 

Reactions. — On  oxidation  with  chromic  acid, 
it  yields  benzophenone.  On  passing  the  vapour 
through  a red-hot  tube,  it  is  converted  into 
o-diphenylenemethane.  On  heating  it  with 
sulphur  to  250°,  it  gives  tetraphenylethylene, 
and  on  prolonged  chlorination  with  iodine 
chloride  at  350°  it  breaks  up  into  hexachloro- 
benzene  and  carbon  tetrachloride  (Buoff,  Ber. 
1876,  9,  1485). 

Nitro-  Derivatives. — On  nitration,  diphenyl- 
methane yields  two  dinitro-  derivatives,  one  of 
which  melts  at  183°,  and  the  second,  which  is  the 
chief  product,  at  118°.  Other  dinitro-  deriva- 
tives are  obtained  from  nitrobenzyl  chloride, 
benzene  and  aluminium  chloride,  nitrobenzyl 
alcohol,  benzene  and  sulphuric  acid  or  nitro- 
benzene, formaldehyde  and  sulphuric  acid,  in  a 
similar  manner  to  the  parent  hydrocarbon. 
Also  nitrohydroxy-  derivatives  can  be  prepared 
by  condensing  nitrophenols  and  their  ethers 
with  formaldehyde  and  cone,  sulphuric  acid 
(D.  R..  P.  72490).  The  prolonged  action  of 
nitric  and  sulphuric  acids  gives  rise  to  a tetra- 
nitro-  derivative. 

Am-ino-  Derivatives. — The  only  substances 
possessing  at  the  present  time  an  industrial 
value  are  the  amino-  derivatives  of  diphenyl- 
methane. They  may  be  obtained  by  the  re- 
duction of  the  nitro-  derivatives  by  tin  and 
hydrochloric  acid ; but  the  more  common 
method  is  to  effect  condensation  between  the 
aromatic  base  and  formaldehyde,  a general 
process  for  which  a number  of  patents  have 
been  granted  in  recent  years.  Thus,  by  heating 
aniline,  aniline  hydrochloride  and  formaldehyde, 
40  p.c.,  to  100°,  4.4'-diaminodiphenylmethane 
is  produced  (D.  R.  PP.  53937  and  55565).  The 
reaction  appears  to  occur  in  two  stages,  for  on 
heating  aniline,  formaldehyde,  and  a strong 
alcoholic  solution  of  potassium  hydroxide,  the 
following  change  takes  place  : — 

CH2O+2C6H5NH2 

= CeHgNH  •CH2  -NH  -CeH,  + H2O 

and  the  latter  when  heated  with  aniline  and  its 
hydrochloride  passes  into  the  diphenylmethane 


derivative.  A tetramethyldiamino-  compound 
is  obtained  in  a similar  manner  from  dimethyl- 
aniline  and  formaldehyde  in  acid  solution. 
Similarly,  a diphenyldiamino-  derivative 

CgH^NH  ■C6H4  •CH2  •C6H4NH  -CgHg 
has  been  prepared  from  diphenylamine  and 
formaldehyde  (D.  R.  P.  58072),  a tetramethyl- 
diaminodihydroxy-  derivative 

(CH3)2N(OH)CeH3-CH2-CeH3(OH)N(CH3)2 
from  dimethyl-m-amino  phenol  (D.  R.  PP.  63081 
and  67001),  and  a diethoxy diaminodiphenylme- 
thane  NH2(C2H50)C6H3-CH2-C6H3(0C2H5)NH2 
from  o-phenetidine  and  formaldehyde  in  presence 
of  hydrochloric  acid  (D.  R.  PP.  70402,  72490, 
73951,  73946). 

Other  methods  for  obtaining  4.4'-diamino- 
diphenylmethane  are  (1)  the  aetion  of  p-amino- 
benzyl  alcohol  on  aniline  hydrochloride  in 
aqueous  solution  (D.  R.  P.  96762),  and  (2) 
heating  p-aminobenzylaniline  with  hydrochloric 
acid  (D.  R.  P.  107718) 

NH2CeH4-CH2-NHC3H5 

= NH2C6H4-CH2-C6H4NH2 

The  4 '4  diaminodiphenylmethane  has  been 
prepared  from  p-aminobenzylaniline  by  heating 
with  aniline  and  similar  aromatic  bases 
NH2C6H4-CH2NH-C6H5+C6H6NH2 

= NH2-C6H4-CH2-C6H4-NH2  + C6H,NH2 

(v.  Braun  and  Kruber,  Ber.  1913,  46,  3952). 

For  diaminoditolyimethane  see  Parb.  vorm. 
Meister,  Lucius  and  Briining,  D.  R.  P.  252916, 
1913. 

A 1.1'  dichloro  2.2'  diamino  diphenylmethane 
is  described  by  Duval,  Compt.  rend.  1912,  154, 
780,  and  by  Meyer,  Ber.  1914,  47,  1161,  who  pre- 
pared it  from  formaldehyde  and  o-chloraniline. 

A tetrahydroxy-  derivative  was  obtained  by 
Ghosh  and  Watson  (Chem.  Soc.  Trans.  1917, 
111,  824)  from  quinol  and  formaldehyde. 

Aryl  derivatives  of  diphenylmethane,  pre- 
pared by  the  Grignard  reaction,  are  described 
by  Boudroux,  Compt.  rend.  1915,  161,  131. 

Sulphonic  acids  of  diphenylmethane  have 
been  obtained  by  Wedekind  and  Schenk,  Ber. 
1911,  44,  198,  and  Staudinger  and  Pfenninger, 
Ber.  1916,  49,  1941. 

Diphenylmethane  mono-  and  dicarboxylic 
acids  have  been  prepared  by  Mitter,  Ber.  1912, 
45,  1207,  by  the  action  of  oxalyl  chloride  in 
presence  of  aluminium  chloride  on  diphenyl- 
methane. J.  B.  C. 

DIPHENYLMETHYLAMINE.  MetJiyldi^ 
phenylamine  v.  Diphenylamine. 

biPHENYLTOLUQUINOXALINE  v.  Azines. 

DIPICOLINIC  ACID  Bone  oil. 

DIPLOSAL.  The  salicylic  ester  of  salic3dic 
acid  0H'C6H4’C00’C6H4*C00H,  a white  cry- 
stalline powder,  m.p.  147°  ; almost  insoluble  in 
water  and  dilute  acids.  Used  in  the  treatment 
of  rheumatic  diseases  {v.  Synthetic  drugs). 

DIPPEL’S  OIL  V.  Bone  oil. 

DIPROP i®SIN.  A derivative  of  urea  con- 
taining the  residues  of  2 mols.  of  propsesin. 

DIPROPYLACETIC  ACID  v.  Octoic  acids. 

DIPYRIDINE  V.  Bone  oil. 

DIPYRIDYL  V.  Bone  oil. 

DIRECT  BLUE,  -BROWN,  -GREY,  -INDONE 
BLUE,  -ORANGE,  -ROSE,  -YELLOW  v.  Azo- 
colouring MATTERS. 

DISALOL.  Trade  name  for  phenyl  salicyl- 
salicylate. 


DISAZO-  AND  TETRAZO-  COLOURING  MATTERS. 


537 


DISAZO-  and  TETRAZO-  COLOURING 
MATTERS.  The  terms  ‘ disazo  ’ and  ‘ tetrazo  ’ 
are  both  used  to  indicate  the  presence  of 
two  azo-  groups  (•N:N')  in  the  molecule  of  a 
colouring  matter,  but  at  the  same  time  they 
indicate  the  mode  of  preparation  of  such  dye- 
stuffs rather  than,  strictly  speaking,  their  con- 
stitution. Tetrazo-  colouring  matters  may  be 
regarded  as  a special  division  of  the  disazo- 
colouring  matters,  as  will  be  seen  from  the  follow- 
ing classification. 

Primary  disazo -colouring  matters  are  obtained 
by  the  action  of  two  molecules  of  a diazo-  com- 
pound (derived  either  from  two  molecules  of  an 
amine  or  from  two  different  amines)  on  one  mole- 
cule of  an  amine  {e.g.  m-phenylenediamine,  m- 
tolylenediamine),  a phenol  [e.g.  phenol,  resor- 
cinol, a dihydroxynaphthalene)  or  an  amino- 
phenol  {e.g.  aminonaphtholsulphonic  acids). 
The  position  taken  up  by  the  diazo-  groups  may 
be  illustrated  by  the  commonest  cases  {see  also 
Azo-  COLOURING  MATTERS).  m-Phenyleuedia- 
mine  : The  azo-  groups  occupy  the  two  positions 
para-  with  respect  to  the  two  amino-  groups. 
When  one  of  these  para-  positions  is  occupied, 
as  in  m-tolylenediamine,  the  second  azo-  group 
dhters  the  ortho-  position  with  respect  to  the 
second  amino-  group  ; thus  : 

N^- 


Phenol,  a-napMliol.  The  para-  and  ortho- 
positions with  respect  to  the  hydroxy-  group 
are  occupied. 

Resorcinol.  Two  isomeric  disazo-  dyestuffs 
may  be  formed.  When  the  combination  is 
effected  in  alkali  hydroxide  solution,  the  sym- 
metrical compound  (I.)  is  obtained,  but  when 

N,- 

HO^NOH  HO,/^NoH 

-N.^N,- 

1.  II. 

the  reaction  takes  place  in  the  presence  of  sodium 
acetate  or  sodium  carbonate,  the  unsymmetrical 
compound  (II.)  is  produced. 

Dihydroxynaphthalene.  Here  the  azo-  groups 
enter  the  usual  position  with  respect  to  the 
hydroxy-  groups,  as  would  be  expected  if  these 
groups  represented  two  independent  naphthols 
(c/.  Azo-  COLOURING  MATTERS). 

Aminonaphtholsulphonic  acids.  In  this  case 
also,  the  compound  may  be  regarded  both  as  an 
independent  naphthylamine  and  as  a naphthol ; 
one  molecule  of  the  diazo-  compound  is  combined 
in  acid  solution,  when  the  position  taken  up  by 
the  azo-  group  is  the  same  as  if  the  substance 
were  a naphthylamine,  and  the  second  molecule 
is  combined  in  alkaline  solution  as  if  the  sub- 
stance were  a naphthol. 

Secondary  disazo-  colouring  matters  are  ob- 
tained by  the  action  of  a diazoazo-  compound  on 
an  amine  or  phenol ; their  general  formula  is 
X’Ng'Y'Ng'Z,  the  essential  difference  from  the 
primary  class  being  that  Y does  not  contain 
auxochrome  groups  (NHg  or  OH). 

Tetrazo-  colouring  matters  are  produced  from 
diamines,  both  amino-  groups  of  which  are 
diazotised  {i.e.  the  diamine  is  tetrazotised)  and 
combined  with  two  molecules  of  the  same  or 


different  components  (amines  or  phenols). 
These  are  mostly  derived  from  benzidine,  toli- 
dine,  dianisidine,  &c.  ; some,  however,  are  pre- 
pared from  p-phenylenediamine,  and  in  this  case 
direct  tetrazotisation  cannot  conveniently  be 
effected,  but  the  monoacetyl  compound  is  first 
diazotised  and  combined,  the  acetyl-  group  being 
then  eliminated  and  the  free  amino-  group  is 
diazotised  and  combined  with  the  second  mole- 
cule of  a component.^  When  the  first  com- 
bination has  been  effected  with  an  amine  (in 
practice  nearly  always  a naphthalene  deriva- 
tive), and  in  consequence  a diamino-  compound 
is  produced  on  saponification,  treatment  with 
one  molecule  of  nitrous  acid  leads  to  the  diazoti- 
sation  of  the  benzenoid  amino-  group,  that 
attached  to  the  naphthalene  ring  not  being 
attacked. 

For  the  sake  of  completeness,  it  is  necessary 
here  to  describe  those  dyestuffs  which  contain 
three  or  more  azo-  groups. 

Trisazo-  colouring  matters  are  obtained  in  the 
following  ways.  (1)  Combination  of  three  mole- 
cules of  a diazo-  compound  with  a phenol.  This 
method  is  of  only  theoretical  importance,  and 
has  hitherto  been  applied  only  to  the  cases  of 
phenol  (Wallach  and  Fischer,  Ber,  1882,  15, 
2814  ; Grandmougin  and  Freimann,  ibid.  1907, 
40,  2662  ; J.  pr.  Chem.  1908,  [ii.]  78,  384  ; Heller 
and  Notzel,  ibid.  1907,  [ii.]  76,  58  ; Heller,  ibid. 
77,  189),  phloroglucinol  (A.  G.  Perkin,  Chem. 
Soc.  Trans.  1897,  71,  1154),  and  resorcinol 
(Orndorff  and  Ray,  Ber.  1907,  40,  3212  ; Amer. 
Chem.  J.  1910,  44,  1).  (2)  Combination  of  one 

molecule  of  a diazoazo-  and  a diazo-  compound 
with  a phenol,  amine,  or  aminophenol.  The 
diazoazo-  compound  may  be  produced,  for 
example,  by  diazotising  an  aminoazo-  compound 
such  as  p-sulphobenzeneazo-a-naphthylamine,  or 
the  intermediate  product,  obtained  by  com- 
bining a tetrazotised  diamine  (benzidine,  &c.) 
with  one  molecule  only  of  a component  (such  as 
salicylic  acid,  &c.),  may  be  used,  or  the  formation 
of  the  diazoazo-compound  may  be  left  to  the 
last  stage  of  the  operation,  for  example,  a 
tetrazotised  diamine  (benzidine)  may  be  com- 
bined with  one  molecule  of  an  aminonaphthol 
(H  acid)  in  acid  solution,  a diazo-compound 
(diazobenzene)  now  added  in  alkaline  solution 
and  the  diazodisazo-compound  coupled  with  a 
component  (m-phenylenediamine  or  phenol) 
(Erie  direct  black  GX  and  Erie  direct  green  DT). 
(3)  Combination  of  a diazotised  tetrazo-  colouring 
matter  (which  must,  of  course,  contain  a diazo- 
tisable  amino-  group)  with  a phenol  or  amine, 
either  in  substance  or  on  the  fibre.  (4)  Com- 
bination of  a triamine  {e.g.  magenta),  having  each 
amino-  group  diazotised,  with  three  molecules  of 
a component. 

Tetrakisazo-  colouring  matters,,  containing 
four  azo-  groups,  are  obtained  (1)  by  the  com- 
bination of  two  molecules  of  a diazoazo-  com- 
pound with  a phenol  or  amine  {e.g.  Anthracene 
acid  brown  B,  v.  Azo-  colouring  matters)  ; (2) 
by  combining  two  molecules  of  a diazo-  compound 
with  one  of  a tetrazo-  colouring  matter  (e.g'.  Benzo 
brown  G)  ; (3)  by  combining  a tetrazo-  com- 
pound with  two  molecules  of  a monoazo- 
colouring matter  {e.g.  Hessian  brown  BBN)  ; 

1 An  alternative  method  is  first  to  combine  diazotised 
29-nitroaniline  with  the  component,  then  to  reduce  the 
nitro-  group  with  sodium  sulphide,  and  diazotise  the 
amino-  group  thus  formed. 
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(4)  by  tetrazotising  a tetrazo-  colouring  matter 
(containing  two  diazotisable  amino-  groups)  and 
combining  with  two  molecules  of  a component 
{e.g.  Dianil  black  PR)  ; (5)  by  diazotising  atris- 
azo-colouring  matter  (containing  one  diazotis- 
able amino-  group)  and  combining  with  a phenol 
or  amine  either  in  substance  or  on  the  fibre. 

Colouring  matters,  containing  more  than  four 
azo-  groups,  can  be  prepared,  but,  generally 
speaking,  their  tinctorial  power  is  little  or  no 
greater  than  those  described  above.  J.  C.  C. 

DISINFECTANTS.  A disinfectant  is  an 
agent  that  will  kill  lower  organisms  which  act 
injuriously  on  the  higher  forms  of  life.  Al- 
though most  disinfectants  are  also  antiseptics 
and  deodorants,  a clear  difference  between  the 
three  classes  lies  primarily  in  their  uses  and 
objects.  Disinfectants  are  germicides  ; anti- 
septics may  only  retard  or  inhibit  the  growths. 
It  is  not  essential  for  a disinfecta.nt  to  effect 
absolute  sterility : in  practical  disinfection, 
there  is  nearly  always  a residue  of  highly 
resistant  and  non-pathogenic  organisms.  To 
destroy  these  involves  great  additional  time  and 
cost,  and  may  even  be  disadvantageous  when 
they  act  as  natural  scavengers  in  removing 
objectionable  organic  matter  and  antagonising 
dangerous  forms.  The  choice  of  an  agent  will 
obviously  depend  on  considerations  of  safety, 
convenience,  and  economy  in  use. 

Inoeganic  Substances. 

Ordinary  oxygen  acts  slowly  by  the  aid  of 
aerobic  organisms.  Its  activity  is  slightly  in- 
creased by  compression  ; it  becomes  exceedingly 
energetic  when  converted  into  Ozone.  Since 
ozone  is  decomposed  by  heat  and  absorbed 
by  most  metals  and  by  otherwise  inert  organic 
matter,  the  chief  conditions  for  success  and 
economy  in  working  are  (1)  avoidance  of 
sparking  ; (2)  keeping  the  gas  and  the  appa- 
ratus cool ; (3)  straining  the  air,  and  also 

partially  drying  when  it  is  desired  to  prevent 
the  formation  of  oxides  of  nitrogen ; (4)  parts 
in  contact  with  ozone  must  be  made  of,  or 
lined  with,  unoxidisable  materials ; (5)  the 

grosser  organic  impurities,  as  well  as  sul- 
phuretted hydrogen  and  ferrous  iron,  should  be 
removed  before  disinfection.  The  use  of  ozone 
on  the  large  scale  for  purifying  water  is  now 
well  known,  and  the  principal  types  of  apparatus 
have  been  described  by  Don  (Inst.  Meehan. 
Engineers,  Jan.  and  Feb.  1909 ; see  also  S. 
Rideal,  J.  R.  San.  Inst.  30,  1,  1909 ; Rideal 
found  at  St.  Maur  Waterworks,  Paris,  that 
with  the  sand-filtered  (Marne)  river  water, 
containing  a fluctuating  number  of  bacteria, 
28-320  per  c.c.,  with  a mean  frequency  of  coli 
organisms  of  1 per  100  c.c.  (in  more  than  one- 
third  of  the  tests  it  was  1 in  40  c.c.),  ozone  in 
the  proportion  of  about  0-6  gram  per  cubic 
metre  of  water  (6  lbs.  per  million  gallons) 
destroyed  all  bacteria  except  an  average  of 
1 per  c.c.  of  innocuous  spore-bearing  organisms 
of  the  suhtilis  type.  The  ozonised  air  was 
applied  in  a De  Prise  tower  at  the  rate  of  about 
40  p.c.  of  the  volume  of  water  treated,  and 
contained  1-4-1 -8  grams  of  ozone  per  cubic 
metre  (determined  at  frequent  intervals  b}^ 
neutral  potassium  iodide).  An  advantage  of 
ozone  is  that  in  disinfecting  it  adds  no  mineral 
matter  to  the  water,  and  it  has  been  fully 
jjroved  that  where  water  is  not  too  contaminated 


with  organic  matter,  sulphuretted  hydrogen,  or 
ferrous  iron,  ozone  will  destroy  all  pathogenic 
organisms  at  a reasonable  cost.  In  the  dry 
state,  like  chlorine,  it  has  very  little  action  on 
micro-organisms,  and  therefore  does  not  act 
powerfully  on  bacilli  in  air.  8 grams  per  cubic 
metre  of  air  in  a room  ordinarily  closed  accom- 
plish disinfection  in  3 hours.  Its  use  as  an 
adjunct  to  ventilation  has  often  been  proposed, 
but  its  irritant  action  on  the  lungs  prohibits  its 
use  in  these  quantities.  It  is  most  active 
when  moist.  Ozonised  air,  under  pressure,  has 
been  used  successfully  for  destroying  moulds  and 
bacteria  in  brewers’  foul  casks,  and  has  been 
introduced  into  wort  in  the  latter  part  of  the 
fermentation  ‘ to  destroy  noxious  germs  ’ (Eng. 
Pat.  22355,  1898).  Will  and  Beyersdorfer 

(Zeit.  ges.  Brauw.  1912,  xxxv.  73)  showed  that 
air  containing  0-6-0 -7  gram  of  ozone  per  cubic 
metre  destroyed  organisms  inimicable  to  the 
brewery.  On  account  of  its  rapid  consumption 
by  oxidisable  substances,  it  can  only  be  effective 
in  disinfecting  the  surfaces  of  organic  solids. 
At  the  Pittsburg  Homoeopathic  Hospital, 
ozone,  besides  purifying  the  water  supply,  is 
used  for  sterilising  instruments,  bandages,  &c., 
and  for  dressing  wounds  and  ulcers.  In  cold 
storage  it  would  probably  be  useful  for  destroying 
injurious  organisms  and  odours,  thereby  possibly 
lessening  the  amount  of  refrigeration  required. 
Many  attempts  have  been  made  to  utilise  it  for 
disinfecting,  combined  with  bleaching,  textiles, 
feathers,  and  other  surface-contaminated  articles, 
and  have  been  only  limited  by  questions  of 
expense. 

Patent  4153  of  1902,  for  ‘ fixing  ozone  in 
liquids,’  states  that  pure  acetaldehyde  dissolves 
2823  times  its  volume  of  ozone  ; that  10  p.c. 
solutions  of  acetaldehyde  in  water  dissolve  536, 
in  alcohol  748,  in  ether  859  volumes  of  ozone ; 
that  these  solutions  are  very  stable,  and  have 
been  successfully  used  in  surgery. 

Hydrogen  peroxide.  The  first  experiments 
(Ber.  15,  1585)  showed  that  this  was  a bacteri- 
cide which,  in  the  dilute  state,  appeared  inert  to 
enzymes  such  as  diastase,^  ptyalin,  pepsin,  and 
pancreatin ; did  not  injure  foods  ; and  is  also 
innocuous  and  non-corrosive.  These  properties 
suggested  its  use  for  killing  pathogenic  organisms, 
and  those  that  cause  change  in  articles  of  diet, 
especially  milk  (Renard),  and  also  as  an  internal 
disinfectant.  Altehoefer  (Oentr.  Bakt.  1890, 
viii.  129)  and  most  later  observers  give  1 per 
100  of  H2O2  as  required  to  destroy  pathogenic 
organisms  in  24  hours.  In  1903  S.  Rideal 
found  that  in  milk  raised  to  50°,  then  treated 
with  0-6  gram  of  H2O.2  per  litre,  and  the  heat 
maintained  at  52°-55°  for  8 hours,  pathogenic 
organisms  and  even  the  spores  of  B.  anthracis 
and  suhtilis  were  killed,  the  milk  was  not 
physically  altered,  and  kept  for  over  a month 
unchanged  in  the  closed  receptacles  (Budde’s 
patent  10903,  1903).  Similar  results  have  been 
obtained  by  Lewin  and  others,  by  Hewlett 
(Lancet,  Jan.  27,  1906),  and  Reichel  (Zeit.  f. 
Hyg.  1908,  Ixi.  49).  So  that  hydrogen  peroxide 
aids  pasteurisation,  and  enables  it  to  be  efficient 
at  a lower  temperature.  The  solution  is 

^ The  enzyme  catalase  (present  in  malt,  yeast,  milk, 
and  many  organic  liquids)  and  hydrogen  peroxide 
mutually  decompose  one  another  (Van  Laer,  J.  Soc. 
Chem.  Ind.  1906,  489  ; 1909,  950) ; but  the  above  state- 
ment remains  practically  true.  {See  also  ibid.  1909, 
1267.) 
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frequently  used  as  a spray,  gargle,  or  dressing, 
and  has  had  a wide  application  for  war  service 
in  dealing  with  gas  gangrene  infected  wounds 
{see  reports  by  C apt.  M.  Page,  R.A.M.S.,  Lancet, 
Sept.  1914 ; Col.  Makins,  ihid.  August,  1914). 
Peroxide  of  hydrogen  is  present  in  ‘ Sanitas  ’ 
{<l.v.).  ‘ Perhydrol  ’ is  a 30  p.c.  or  100  volume 

solution  of  H2O2.  The  use  of  peroxide  of 
hydrogen  in  medicine  depends  partly  on  its 
bactericidal  action.  Registered  names  of  solu- 
tions are  ‘ Dioxogen  ’ (3  p.c.),  ‘ Hydrozone,’ 
‘ Glycozone  ’ and  ‘ Pyrozone  ’ (dental  practice)  ; 
and  ‘ Peroxols  ’ are  mixtures  of  HgOg  with 
various  disinfectants.  Peroxides  of  sodium, 
magnesium  (‘ Hopogan ’),  zinc  {‘Ektogan’  or 
‘ Dermogen  ’)  and  mercury,  generate  oxygen  or 
H2O2,  and  have  analogous  use.  Hydrogen  per- 
oxide is  more  stable  in  ether  than  in  water ; 
‘ ozonic  ether  ’ is  an  ethereal  solution  containing 
about  1*2  p.c.  of  H2O2,  which  has  been  used  in 
whooping-cough  and  scarlet  fever.  ‘ Perhydrit  ’ 
or  ‘ Hyperol  ’ dressings,  containing  H2O2,  urea, 
and  a trace  of  citric  acid,  have  recently  been 
introduced. 

Eoregger  and  Philipp  (J.  Soc.  Chem.  Ind. 
1906,  298)  treat  at  length  on  the  applications  of 
peroxides,  and  suggest  calcium  peroxide  (‘  Bi- 
calzit  ’)  instead  of  HjOg  for  sterilising  milk, 
as  more  lasting  in  effect.  For  water  sterilising, 
tablets  of  magnesium  peroxide  and  citric  acid 
are  made  ; Park  found  that  Od  gram  of  this 
peroxide  killed  upwards  of  2 million  typhoid 
organisms  in  150  c.c.  of  water  in  30  minutes, 
and  0'2  gram  gave  the  same  result  in  1 minute. 
Although  Croner  (Zeit.  f.  Hyg.  1908,  Iviii.  487) 
obtained  sterility  in  water  with  the  use  of 
O'7-LO  gram  MgOg  per  litre,  more  recent 
investigations  by  Young  and  Sherwood  (J.  Ind. 
Eng.  Chem.  1911,  3,  495)  have  indicated  that 
over  five  times  this  quantity  must  be  used  to 
ensure  sterility.  Patents  for  similar  uses  of 
H2O2  and  other  peroxides  are  very  numerous. 

Nitric  acid  and  oxides  of  nitrogen.  The 
corrosive  action  of  nitric  acid  limits  its  value  as 
an  active  disinfectant.  J.  C.  Smith  used  it 
with  success  in  1780  for  fumigation  in  a violent 
outbreak  of  typhus  fever  in  the  British  fleet 
(Vallin,  Desinfectants,  1882,  265).  Disinfection 
of  rooms  by  nitrogen  peroxide  was  carried  out 
during  the  siege  of  Paris  ; 48  hours  were  occupied, 
and  the  cost  was  very  high.  Severe  bronchitis 
and  several  deaths  from  poisoning  have  resulted 
from  breathing  this  gas,  and  nitric  disinfection 
has  been  replaced  by  safer  methods,  exeept  in  the 
local  destruction  of  bacteria  as  in  laboratories. 

Sulphur.  Dusting  with  sulphur  is  used  for 
killing  insects  and  fungi  on  plants,  as  sulphurous 
acid  is  gradually  formed.  The  use  of  sulphur 
internally  is  due  to  its  forming  sulphuretted 
hydrogen  in  the  system,  and  thereby  destroying 
or  enfeebling  micro-organisms  and  higher 
parasites.  A solution  containing  calcium  poly- 
sulphides, made  by  boiling  milk  of  lime  with 
sulphur,  has  been  extensively  used  as  an  in- 
secticide {see  Agric.  Bull.  319  and  320,  New 
York,  1909). 

Sulphur  dioxide  disinfection  is  still  a subject 
of  controversy,  but  certain  of  the  unfavourable 
results  adduced  have  been  due  to  faulty  applica- 
tion. Spores  are  not  generally  killed  by  it,  and 
the  dry  gas  has  very  little  effect  on  micro- 
organisms, but  it  destroys  all  vermin,  and  there- 
fore is  of  speeial  value  in  combating  insect-borne 


diseases.  As  to  its  effect  on  the  lungs,  about 
5 p.c.  in  the  air  has  produced  fatal  results,  but 
^ p.c.  can  be  tolerated  for  some  time,  and  a 
larger  amount  with  the  protection  of  a wet 
towel  alkalised  with  washing  soda.  1 lb.  of 
sulphur  burnt  in  a room  of  1000  cubic  feet  pro- 
duces theoretically  an  air-content  of  ld5  p.c. 
SO,,  and  requires  0*56  lb.  of  water  to  turn  it  into 
sulphurous  acid.  Such  an  amount  of  moistening 
is,  however,  not  necessary,  on  account  of  the 
natural  moisture  of  the  air.  Prescriptions  as  to 
the  proper  quantity  of  SO 2 have  varied  greatly, 
partly  Because  in  some  cases  it  has  been  con- 
sidered sufficient  to  destroy  only  a special 
organism.  Klein,  Houston,  and  Gordon  (Report, 
Med.  Off.  L.C.C.  1902)  found  that  with  3J  lbs. 
S per  1000  cubic  feet  in  24  hours,  B.  typhosus, 
diphthericB,  pyocyaneus,  and  Staph,  p.  aureus 
were  killed,  but  not  anthrax  spores  nor  B. 
tuberculosis  in  dried  sputum.  In  America,  5 lbs. 
per  1000  cub.  feet  have  been  found  sufficient  to 
kill  all  spore-bearing  organisms  after  16  hours’ 
exposure  (Rosenau).  S.  Rideal’s  results  with  the 
liquefied  gas  were  as  follows.  Silk  threads  and 
paper  slips  infected  with  B.  coU  and  Staph,  p. 
aureus  were  sterilised  after  24  hours’  exposure  in 
a sealed  roomof  1500  cub.  feet,  into  which  20  ozs. 
of  SO2  were  passed.  Subtilis  spores  were  not 
killed.  With  10  ozs.,  the  threads  were  again 
sterilised,  but  the  paper  slips  were  not.  When 
shallow  pans  of  water  were  exposed  in  the  room 
to  supply  moisture,  the  SO2  content  of  the  air 
was  actually  lowered  after  the  24  hours  (through 
absorption  by  the  water),  from  0*5  p.c.  present 
in  the  previous  experiment  to  0-2  p.c.,  and  the 
organisms  were  still  living.  Therefore  moisture 
should  only  be  supplied  by  washing  or  lightly 
spraying  the  surfaces.  In  chemical  disinfection, 
it  is  generally  recommended  that  walls  should 
be  previously  stripped  and  fabrics  spread  out  on 
lines  ; but  spreading  the  infection  must  be  care- 
fully avoided.  The  room  must  be  sealed  by 
obvious  means,  and,  observing  this  condition, 
heating  is  advantageous.  Liquid  SOg  in 
canisters  is  more  convenient  than  burning 
sulphur,  and  avoids  risk  of  fire  : one  pound  of 
the  liquid  = 5^  cub.  feet  of  the  gas.  SO 2 has 
the  disadvantage  that  it  attacks  metals  and 
organic  substances  from  the  production  of  sul- 
phuric acid ; a good  deal  is  also  absorbed  by 
plaster.  It  has  little  penetrating  power,  and 
therefore  bedding  and  thick  articles  must  be 
removed  and  sterilised  by  heat.  The  ‘ Clayton 
method  ’ of  disinfection  is  much  used  for  the 
holds  of  ships,  and  has  been  favourably  reported 
on  by  Wade  and  Eyre  for  the  Loeal  Government 
Board  (Rep.  232,  1906 ; and  Med.  Off.  Rep, 
1903-4,  330).  Sulphur  is  burnt  in  a special 
apparatus,  and  the  gases,  consisting  of  air, 
SO2,  and  a visible  cloud  of  sulphuric  acid,  are 
forced  in  till  the  SO,  reaches  about  10  p.c.  of 
the  air  in  the  infected  space.  (For  experience 
of  its  use,  see  Rev.  d’Hyg.  Oct.  1902  ; N.S.W. 
Agric.  Gaz.  1900  and  1901). 

Sulphurous  acid  is  used  beneficially  as  a 
germicidal  spray  or  wash  in  various  parasitic 
affections  {e.q.  diphtheria),  also  internally  in 
cholera  and  gastric  fermentation,  for  reetal 
injections,  and  other  allied  objects.  ‘ Thiocamf  ’ 
is  a liquid  obtained  by  the  action  of  the  gas  on 
camphor.  It  can  be  preserved  without  pressure 
in  well-closed  vessels,  and  on  exposure  to  air  a 
6-oz,  bottle  should  evolve  about  20  litres  of  SO 2. 
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Sulphurous  acid  and  bisulphites  are  widely 
used  for  checking  fermentations  and  preserving 
food.  Lehmann  states  that  an  amount  equiva- 
lent to  0‘004  p.c.  of  SO 2 may  be  allowed  without 
injury  to  health.  The  Report  of  the  British 
Departmental  Committee  on  Preservatives, 
1901,  26,  leaves  the  matter  open.  Some 
commercial  preparations  are  ‘ Meat  preserve 
crystals,’  ‘ Freeze-em,’  and  ‘ Hawke’s  anti- 
ferment.’ For  objections  to  the  use  of  sulphites 
in  food,  see  Thresh  and  Porter,  Preservatives, 
1906,  70-77  ; also  an  article  by  Durham  in  the 
J.  of  Hygiene,  April,  1909.  The  latter  recom- 
mends the  fixing  of  a maximum  legal  limit,  not 
exceeding  0*01  p.c.  of  ‘ total  sulphur  dioxide,’ 
with  a declaration  of  the  amount,  but  less  than 
O'OOl  or  0-002  p.c.  might  be  simply  declared  as 
a ‘ trace.’ 

Sulphuric  acid,  like  acids  generally,  is  anti- 
septic, and  in  some  cases  disinfectant.  0*05  p.c. 
(which  is  a palatable  strength)  is  fatal  to  Sp. 
cholerce  in  15  minutes.  Stutzer  found  that  this 
strength  disinfected  iron  pipes,  cleaning  out  rust 
and  sediment  without  sensibly  attacking  the 
metal.  With  0*04  p.c.  Ivanhoff  destroyed 
cholera  organisms  in  Berlin  sewage,  and  with 
0-08  p.c.  in  that  from  Potsdam.  In  the  labora- 
tory it  was  found  that  0-035  p.c.  kills  B.  typhosus 
in  30  minutes,  and  0-07  p.c.  in  15  minutes,  in 
impure  water  infected  ordinarily  with  typhoid, 
but  with  very  heavy  infections  the  latter  strength 
requires  45  minutes.  He  recommended  0-09  p.c. 
as  having  advantages  over  heat  sterilisation  for 
dealing  with  the  drainage  from  hospitals  and 
other  infected  areas  : the  acidity  would  speedily 
be  neutralised  on  mixing  with  the  bulk  of  the 
sewage  (Brit.  Assoc.  1901). 

Sodium  bisulphate  has  been  introduced  by 
one  of  the  writers  and  Dr.  Parkes,  as  a means 
of  sterilising  drinking  water  for  armies  in  the 
field  and  travellers.  15  grains  of  NaHS04  to 
a pint  of  water  in  15  minutes  destroys  B. 
typhosus  and  enteritidis,  Spirillum  cholerce,  and 
internal  parasitic  worms.  In  effervescent  tab- 
loids, yielding  a slightly  acid  solution,  it  was 
used  with  success  in  the  South  African,  Russo- 
Japanese,  and  the  European  wars. 

Persulphates  give  off  oxygen  when  moist,  and 
are  useful  as  hand  disinfectants  (Lancet,  1905, 
ii.  1106). 

Carbon  disulphide,  if  it  were  not  for  its  other 
properties,  would  be  a valuable  disinfectant  and 
preservative.  As  well  as  its  alkaline  compounds, 
the  xanthates,  it  has  been  found  useful  against 
fungi,  and  insect  parasites  such  as  the  vine 
phylloxera.  Ckeandi  Bey’s  lamp  burns  it  safely 
for  generating  SOg. 

Boric  acid  is  not  a disinfectant,  but  has  a 
power  of  restraining  bacteria  which  act  in- 
juriously in  foods.  Rideal  and  Foulerton  found 
that  1 in  2000  of  a boric  mixture,  containing 
3 parts  of  H3BO3  and  1 part  of  crystallised 
borax,  keeps  milk  sweet  for  24  hours  without 
appreciable  effect  on  digestion.  The  British 
Departmental  Committee  already  referred  to, 
recommend  that  the  only  preservatives  allowed 
to  be  used  in  cream,  butter,  and  margarine  be 
boric  acid,  or  mixtures  of  boric  acid  and  borax, 
not  exceeding  0-25  p.c.  of  H3BO3  for  cream,  and 
0-5  p.c.  for  butter  and  margarine.  Later,  as  this 
quantity  appeared  insufficient  in  the  cream 
trade,  an  official  report  by  Hamill  advised  that 
0-4  p.c.  H3BO3  should  be  allowed  in  cream  from 


May  to  October  inclusive  (Food  Report  10, 
L.G.B.  1909).  Soluble  borates  are  used  as  a 
larvicide  in  manure  heaps.  It  has  no  action  on 
the  crops  as  they  are  rendered  insoluble  (Cook 
and  Wilson,  J.  Agric.  Research,  1917,  10,  591). 

The  Halogens,  chlorine,  bromine,  and  iodine, 
act  as  disinfectants  in  several  ways  : (1)  they 
can  combine  with  Hg  and  liberate  Og  in  water ; 
(2)  they  can  combine  directly  with  organic 
matters,  or  replace  the  hydrogen  in  them, 
precipitating  albuminous  substances  and  render- 
ing them  imputrescible,  killing  organisms  by 
combining  with  and  coagulating  protoplasm,  re- 
moving their  food  or  rendering  it  unsuitable, 
acting  toward  them  as  irritants  or  direct  poisons, 
also  producing  substances  which  have  that 
effect. 

Chlorine  and  the  hypochlorites,  like  other 
oxidisers,  are  consumed  by  otherwise  inert 
organic  and  inorganic  matters  present,  but  in 
ordinary  disinfection  leave  behind  them  as 
substitution  compounds  which  maintain  germi- 
cidal power — the  chloramines,  hydrazine,  and 
the  chloroproteids  (Rideal,  J.  R.  San.  Inst.  31,  2, 
1910).  This  paper  shows  that  in  dilute  solution 
of  hypochlorites  the  Rideal- Walker  coefficient 
of  2-18  for  1 p.c.  of  available  Cl  is  increased  to 
6-36  by  the  addition  of  an  equivalent  of  am- 
monia, remains  near  this  level  for  24  hours,  and 
even  after  72  hours  has  an  enhanced  value. 
Therefore,  since  the  coefficient  of  chlorine  itself 
averao-es  220  units,  that  of  ammonia  less  than 
0-7,  and  ammonium  chloride  nil,  that  of  the  chief 
product,  chloramine  NHgCl,  must  be  over  600 
units  ; hence  this  substance,  but  for  its  insta- 
bility, would  probably  be  the  most  valuable  of 
disinfectants.  It  has  a pungent  odour,  hitherto 
often  mistaken  for  chlorine  or  hypochlorous  acid, 
and  gives  the  blue  reaction  with  KI  and  starch. 
With  excess  of  ammonia,  as  in  sewages,  it 
gradually  disappears,  forming  a salt  of  hydrazine, 
which  still  has  a germicidal  value  (R.  W. 
coefficient  of  the  base  at  least  24).  The  action 
of  chlorine  on  nitrogenous  compounds  gives 
compound  chloramines,  many  of  which  are 
insoluble ; they  have  a tendency  to  become 
fixed  on  cellulose,  and  in  this  way  attack  the 
envelopes  of  organisms. 

Various  substituted  chloramines  have  been 
introduced  by  H.  D.  Dakin  for  use  as  sterilisers 
and  disinfectants.  Amongst  the  more  important 
may  be  mentioned  chloramine-T,  p-toluene 
sodium  sulphochloramide,  p-sulphodichloramino- 
benzoic  acid,  and  dichloramine  T (B.M.S.  Aug. 
1917).  The  former,  under  the  title  Halozene, 
has  been  used  for  water  sterilisation  on  a small 
scale. 

The  addition  of  ammonia  solutions  to  bleach- 
ing  powder  solutions  preparatory  to  the  sterilisa- 
tion of  water  has  effected  a considerable  economy 
in  the  quantity  of  materials  used  in  the  public 
water  supply  at  Toronto,  Canada. 

The  chloramine  is  about  five  times  as  strong 
as  the  corresponding  molecular  concentrations 
of  sodium  hypochlorite. 

The  bromamines  of  the  benzene  series,  the 
naphthaline  chloramines  and  the  protein  chlor- 
amines, are  all  strong  germicides,  but  suffer 
from  lack  of  stability  in  solution. 

Chloride  of  lime,  or  ‘ calx  chlorinata  ’ (about 
33  p.c.  available  chlorine),  has  some  advantages 

^ Also  see  Cross  Bevan  .and  Bacon,  Cheni.  Soc. 
Trans.  1910,  244. 
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from  being  a solid,  but  is  quickly  deliquesced 
and  decomposed  by  air,  takes  some  time  to 
dissolve,  and  gives  a quantity  of  insoluble  waste. 
Klein  found  that  I p.c.  of  bleaching  powder  only 
killed  less  resistant  organisms  in  24  hours. 
There  is,  in  many  respects,  a preference  for  the 
sodium  solutions  : chlorinated  soda  or  ‘ Eau  de 
Labarraque  ’ (often  called  ‘ Eau  de  Javel,’ 
which  was  originally  the  potash  salt),  contains 
about  2-5  p.c.  av.  Cl ; ‘ Chloros,’  10  p.c.  av.  Cl ; 

‘ Antiformin  ’ is  a solution  of  caustic  soda  and 
hypochlorite  used  in  breweries.  Electrolytic 
preparations  are  ‘Oxychloride,’  up  to  11-5  p.c. 
av.  Cl,  and  ‘ Hermite  fluid,’  used  successfully  at 
Poplar.  In  the  latter  solution  magnesia  is  em- 
ployed as  an  adjunct  in  the  electrolysis  : it 
contains  free  hypochlorous  acid  : av.  Cl  4*2  to 
4 '8  p.c.  The  effective  strength  for  local  dis- 
infection is  0‘35  p.c.  av.  Cl,  which  kills  non- 
aatring  organisms  in  5 to  10  minutes,  and 
anthrax  and  enteritidis  spores  in  1^  hours. 
Chloride  of  lime  has  the  objection  that  it 
leaves  the  surface  for  a long  time  damp  from 
the  presenee  of  calcium  chloride.  The  same 
salt  imparts  its  bitter  taste,  and  increases  the 
hardness,  when  chloride  of  lime  is  applied  to 
the  purification  of  drinking  water,  while  the 
soda  preparations  tend  to  soften  the  water  and 
are  not  sensible  in  the  flavour.  In  trials  at 
Guildford  in  1904  (J.  E..  San.  Inst.  xxvi.  891) 
with  electrolytic  hypochlorite  in  the  proportion 
of  0-75  to  I'O  part  per  million  of  av.  Cl,  one  of 
the  writers  found  that  water  containing  an 
average  of  90  organisms  per  c.e.  v/as  practically 
sterilised,  while  after  standing  1 ^ hours  the  odour 
and  taste  were  normal,  and  there  was  no  need 
for  further  treatment.  Candy’s  patent,  4212, 
1909,  removes  excess  of  av.  Cl  by  filtration 
through  coke,  Thresh’s,  3023,  1909,  by  treat- 
ment with  metalhc  iron.  Other  methods  of 
removal  are  suggested  ; ( I ) by  the  addition  of 
ferrous  salts,  subsequently  removing  the  ferric 
salt  formed  by  a ‘ Permutit  ’ filter ; (2)  by  the 
addition  of  gaseous  sulphur  dioxide ; (3)  by 

the  addition  of  sodium  bisulphite.  After  the 
Maidstone  typhoid  epidemic,  1897,  the  infected 
reservoir,  mains,  and  pipes,  were  sterilised  with 
1 p.c.  solution  of  chloride  of  lime  during  48 
hours  : no  corrosion  of  the  iron  was  observed. 
During  a similar  outbreak  at  Lincoln,  in  1905, 
the  water  supply  was  sterilised  by  sodium 
h5rpochlorite  (av.  Cl,  1 per  million)  with  most 
satisfactory  results.  In  1910  Toronto  treated 
its  water  supply  with  0d4  part  per  million  of 
av.  Cl  as  chloride  of  lime.  Since  June,  1909, 
the  writers  have  been  applying  ‘ Chloros  ’ in 
the  proportion  of  1 to  2 parts  av.  Cl  per  million 
to  100,000  gallons  daily  of  the  drinking  water  of 
a town  in  the  north  of  England  : the  liquid  is 
made  practically  sterile,  coli  is  absent  from 
75  to  85  e.c.,  and  there  is  no  effect  on  the  taste. 
At  Cambridge,  in  1910,  a portion  of  the  supply 
(lower  chalk)  was  treated  with  one  in  4 to  8 
millions  of  av.  Cl  as  chloride  of  lime,  and 
Houston  found  that  this  minute  quantity 
destroyed  66  to  98  p.c.  of  the  bacteria,  and  coli, 
which  was  always  present  before,  was  after- 
wards absent  in  500  c.c.  This  water,  however, 
contained  hardly  any  organic  matter.  In 
America,  treatment  of  the  entire  water  supply 
of  Jersey  City  (about  40  million  gallons  per 
day,  from  the  Eockaway  river)  with  ehloride  of 
lime,  has  been  adopted  since  the  beginning  of 


1909  ; the  proportion  used  is  now  0*2  part  per 
million  of  av.  Cl,  and  the  daily  examination 
shows  that  coli  is  absent  from  10  c.c.  of  the 
treated  water.  In  England,  the  ‘ De-Chlor  ’ 
system  was  applied  at  Heading  to  the  pre- 
filtered river  water  in  1910.  Since  the  war 
chlorine  treatment  has  been  adopted  for  the 
London  supply  (11th  Annual  Eeport,  M.W.B.). 

Eecently  an  impulse  has  been  given  to  the 
sterilisation  of  water  by  means  of  gaseous 
chlorine  injected  by  means  of  suitable  dosing 
apparatus,  owing  to  the  convenience  of  handling 
and  transporting  chlorine  in  the  liquid  state 
contained  in  steel  cylinders  of  100  lbs.  capacity. 
Injection  into  the  water  may  be  direct  through 
a diffuser,  as  in  the  Wallace  and  Tieman 
apparatus,  or  indirect  through  the  addition  of 
a minor  volume  of  more  concentrated  chlorine 
water  to  the  bulk  volume,  as  in  the  Electro- 
bleach and  Patterson  plants.  NHg  does  not 
seem  to  enhance  the  germicidal  value  in  the 
absence  of  alkaline  bases. 

With  sewage,  of  course,  a larger  dose  is  re- 
quired, and  the  first  experiments  at  Nice,  Brest, 
and  Worthing,  in  1894,  with  the  Hermite  fluid, 
showed  that,  as  with  ozone  and  other  disin- 
fectants, the  agent  should  be  applied,  not  to  a 
raw  liquid  (except  in  special  cases),  but  as  a 
‘ finisher  ’ to  one  that  was  partially  purified.  In 
1898,  using  an  electrolytic  brine  (Woolf’s  ‘ Elec- 
trozone  ’)  for  purifying  an  effluent  at  Maiden- 
head, one  of  the  writers  found  that  with  three 
parts  per  million  of  av.  Cl,  and  a contact  of 
5 minutes,  the  bacteria  were  reduced  to  10  per 
50  C.C.,  and  that  17  parts  per  million  killed  all 
the  organisms  in  15  minutes.  His  long  series  of 
trials  at  Guildford  commenced  in  1904,  using 
‘ Oxychloride,’  and  proved  that  with  2-5  parts 
per  million  of  av.  Cl,  tertiary  effluents  could  be 
practically  sterilised,  but  that  the  raw  sewage 
and  septic  effluents  required  30  to  70  parts  ; the 
contact  period  was  4|  hours  (J.  R.  San.  Inst, 
xxvi.  7,  1905).  The  oxygen  consumed  from 
permanganate  in  5 minutes  in  the  cold,  as 
measuring  the  H.jS  and  other  easily  oxidisable 
substances,  was  a guide  to  the  amount  of  the 
agent  used,  and  in  the  earlier  experiments  it  was 
found  that  when  the  av.  Cl  added  was  1 -7  times 
this  figure,  the  availability  of  the  chlorine  was 
sufficiently  prolonged  to  ensure  the  desired 
sterilising  effect,  and  the  subsequent  experi- 
ments frequently  yielded  excellent  results  with 
an  amount  equal  to  this  oxygen  figure,  that  is, 
one  to  one.  {Sec  further,  Eideal,  Trans.  Farad. 
Soc.  iv.  3,  1909.)  An  important  point  shown 
was  that  the  necessary  factor  of  safety  could  be 
ascertained  by  simply  testing  with  KI  and 
starch,  and  noticing  the  persistence  after  4| 
hours  of  the  blue  colour,  due  in  this  case,  as  has 
been  mentioned,  not  to  chlorine,  but  to  chlor- 
amines. Schumacher  (1905),  at  Hamburg, 
found  that  with  raw  sewage  sufficient  sterilisa- 
tion is  attained  if  after  4 or  6 hours  the  test 
shows  a reaction  equal  to  19  and  17  parts  per 
million  of  av.  Cl  respectively.  Investigations 
on  sewage  filter  effluents  with  chloride  of  lime 
were  continued  in  America  by  Phelps  and 
Carpenter  (U.S.  Technological  Quarterly,  Dec. 
1906),  who  remark  that  the  use  of  electrolytic 
chlorine  manufactured  on  the  spot  would,  in  the 
larger  works,  considerably  reduce  the  cost,  and 
is  cheaper  than  sand  filtration.  Kellerman, 
Pratt,  and  Kimberley  (U.S.  Dept,  of  Agric. 
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Bull.  115,  Oct.  1907)  conclude  that  with  a 
hypochlorite,  disinfection  costs  less  than  with 
copper  sulphate.  Later  American  experiments 
at  several  centres  have  proved  that  2 to  5 
parts  per  million  of  av.  Cl  destroy  95  to  98  p.c. 
of  the  bacteria  in  2 hours,  and  that  3 parts  are 
sufficient  for  the  trickling  filter  effluents  tried 
(Mass.  Inst.  Technol.  5,  1909  ; 6,  1910). 

The  Royal  Commission  on  Sewage  obtained 
results  at  Guildford  which  were  in  agreement 
with  those  of  the  writer  (Appendix  iv.  1910,  87  ; 
also  ibid.  84-171,  and  Rep.  1908,  195-201). 

Sod.  hypochlorite  solutions  are  the  best  means 
of  sterilising  swimming  baths  ; they  remove  from 
the  surfaces  growths  of  algse  and  fungi  which 
harbour  dangerous  organisms.  (Also  see  Rideal 
and  Orchard,  J.  San.  Inst.  556,  1906.) 

‘ Ferrochlore  ’ (Duyck)  is  the  name  of  a 
treatment  with  8 parts  per  million  of  ferric 
chloride  and  0'5  part  of  chloride  of  lime,  which 
at  the  same  time  clarifies  water  and  liberates 
hypochlorous  acid.^ 

Hypochlorous  acid  has  been  employed  as  an 
antiseptie  for  wounds  by  Dakin,  Daufresne, 
and  Lorraine  Smith,  and  is  also  known  as 
‘ Eupud  ’ and  ‘ Eusol.’  In  these  solutions 
hypochlorous  acid  is  obtained  by  double  decom- 
position of  bleaching  powder  with  sodium 
carbonate,  with  the  addition  of  boric  acid  or 
sodium  bicarbonate.  The  presence  of  sodium 
borate  or  sodium  carbonate  in  the  resulting 
solutions  when  freed  from  the  precipitated 
calcium  carbonate  ensures  the  stability  of  the 
solution  owing  to  the  ‘ buffer  ’ action  of  the 
easily  hydrolysable  salt. 

Chlorine  peroxide,  obtained  from  potassium 
chlorate  and  sulphuric  acid,  has  been  success- 
fully employed  in  the  Howatson-Berge  process 
at  Brussels,  Ostend,  and  Lectoure (South  France), 
for  sterilising  (previously  clarified)  polluted 
waters.  The  writer  found  that  20  parts  of 
ClOo  per  million  did  not  Idll  B.  typhosus  in  a 
vigorous  pure  eulture  in  2 hours,  but  that  50 
parts  killed  it  in  half  an  hour.  (See  also 
Reychler,  Bull.  Soc.  chim.  [3]  xxv.  13  ; Chem. 
News,  1901,  316.) 

On  a large  scale,  chlorine  and  ozone  are  both 
in  successful  use  at  present  for  sterilising  water. 
The  latter  seems  preferable  for  drinking  supplies, 
the  former  is  suitable  for  effluents.  From 
questions  of  efficiency  as  well  as  cost,  both 
require  that  the  liquid  should  be  previously 
clarified,  and  as  free  from  organic  matter  as 
possible,  that  is,  they  oxe  finishers. 

Time  as  in  all  disinfections,  is  an  important 
factor ; in  an  effort  to  get  the  work  done 
quickly,  it  is  sometimes  forgotten  that  a longer 
time  is  advantageous,  and  economises  the  re- 
agent. For  rapid  sterilisation  of  a small 
quantity,  as  in  the  field,  a larger  proportion  of 
reagent  is  required,  and  from  questions  of 
portability,  bromine  and  iodine  have  been  used 
instead  of  chlorine,  but  are  attended  by  residual 
products  having  a taste  and  physiological  effect. 
These,  in  the  quantity  required  for  dealing  with 
the  moderate  pollution  ordinarily  met  with,  have 
been  proved  to  be  negligible,  although,  with 
heavier  contamination,  the  amount  of  the 
halogen  consumed  by  the  organic  matter  before 
a sterilising  excess  is  present,  may  become  in- 

1 For  an  account  of  trials  at  Marseilles  of  ozone, 
chlorine,  and  ultra-violet  rays,  see  Engineering,  Jan.  27th 
and  Feb.  3rd,  1911. 


jurious  in  its  products.  Cash  showed  that  the 
quantities  of  chlorine,  bromine,  and  iodine 
required  for  disinfection  of  anthrax  and  tubercle 
were  nearly  in  the  ratio  of  their  atomic 
weights. 

Bromine  is  a powerful  disinfectant,  but  its 
use  is  obviously  limited  by  its  danger.  In  1897 
Altmann  patented  a solution  of  Br  in  KBr  for 
sterilising  water,  using  40  parts  per  million  of 
Br  with  5 minutes’  contact,  and  removing  excess 
by  ammonia.  The  solution  is,  however,  bulky, 
and  the  use  of  a potassium  salt  has  disadvan- 
tages. Braithwaite  introduced  ‘ Bromidine,’  a 
dry  mixture  of  sodium  or  potassium  bromide 
and  bromate  with  sodium  bisulphate,  which 
with  moisture  liberates  bromine.  Schumberg 
recommended  free  bromine  in  thin  sealed  tubes 
for  the  same  purpose  (Zeitsch.  f.  Hyg.  1900,  53) 
in  the  proportion  of  60  parts  per  million  with 
5 minutes’  contact,  removing  excess  by  thio- 
sulphate (Braithwaite  advised  57  parts).  Schoder 
(ibid,  xxxvii.  306)  and  others  have  stated  that 
this  treatment  is  insufficient  to  sterilise,  and 
the  presence  of  residual  bromides  is  against  the 
process  [see  also  Parkes  and  Rideal,  Trans. 
Epidem.  Soc.  xx.  1901  ; Fraser,  Publ.  Health, 
Sept.  1902).  It  was  tried  in  the  Soudan  cam- 
paign of  1898.  20  parts  per  million  of  Br 

sterilises  typhosus  (in  water)  in  less  than  half 
an  hour.  It  is  more  rapidly  absorbed  by  organic 
matter  than  iodine. 

Iodine  owes  many  of  its  uses  to  its  germicidal 
action,  as  in  para.sitic  diseases.  Grossich,  in 
1908  (Centr.  f.  Chirurg.  No.  4),  adopted  the 
tincture  as  a cutaneous  disinfectant  before  opera- 
tions, the  surface  being  previously  cleansed  by 
a 1 p.c.  solution  of  iodine  in  benzene  (Bogden, 
ibid.  Jan.  15,  1910).  Instead  of  the  tincture, 
Chassevant  (Lancet,  March  26,  1910)  suggests 
the  solution  in  chloroform,  as  it  does  not,  like 
the  former,  cause  desquamation ; its  use  is 
specially  advised  prior  to  hypodermic  injections 
(see  also  Brit.  Med.  J.  Feb.  6,  1909,  and  Aug.  14, 
1910;  Lancet,  April  16,  1910).  Solutions  of  iodine 
and  iodine  trichloride,  both  as  field  dressings,  and 
enclosed  in  friable  glass  compounds  as  emergency 
first-aid  sterilisers,  have  been  extensively  em- 
ployed during  the  war  (see  B.  M.  S.  Jan.  2,  1915  ; 
Lancet,  Dec.  12,  1914).  During  the  Sikkim 
and  Thibet  expedition,  iodine  (in  some  cases 
as  tincture)  followed  by  sodium  sulphite,  was 
successfully  employed  for  sterilising  drinking 
water,  and  Nesfield  recommends  triple  tablets  of 
(A)  iodide  and  iodate,  (B)  citric  or  tartaric  acid, 
followed  after  2 minutes’  contact  by  (C) 
sodium  sulphite,  and  states  that  used  in  this  way 
3 ‘8  to  5 parts  per  million  of  free  iodine  sterilises 
the  organisms  of  typhoid,  cholera,  and  dysentery. 
One  of  the  writers,  in  1905,  confirmed  this 
result  as  regards  distilled  water  infected  with 
20,000  per  c.c.  of  B.  typhosus,  the  A and  B 
tablets  used  gave  4*75  parts  of  iodine  per 
million. 

Iodine  trichloride  was  introduced  by  Von 
Langenbach  for  sterilising  the  hands  and  instru- 
ments and  for  other  surgical  uses.  50  parts 
per  million  are  required  to  kill  typhoid  (in  water) 
in  30  minutes.  Iodine  cyanide  is  said,  by 
Robert,  to  be  universally  destructive  to  lower 
forms  of  life,  and  is  suggested  for  preserving 
biological  specimens. 

Organic  substitution  compounds  of  chlorine, 
bromine,  and  iodine,  as  a class,  inhibit  organisms, 
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and  may  sometimes  kill  them.  Tlie  germi- 
cidal power  of  a large  number  of  these  has  been 
determined  by  Bechhold  (Zeitsoh.  Hyg.  Infect. 
1909,  Ixiv.  113) ; he  finds  that  a Br  atom  gives 
a greater  power  than  a sulphonic  group.  Chloro- 
form is  often  used  to  preserve  perishable  speci- 
mens and  infusions.  Barrel  and  Howies  (J. 
Soc,  Dyers,  1908,  24,  109)  state  that  CCI4 
kills  typhoid,  and  that  pure  CHCI3  does  not  kill 
it,  whilst  0'62  p.c.  aqueous  CHCI3  kills  it  in  less 
than  30  minutes. 

Iodoform  was  formerly  much  employed  in 
surgery,  and  a large  number  of  other  iodine 
compounds  have  been  introduced  into  medical 
and  surgical  practice]  Many  of  them  are  non- 
irritant, but  their  bactericidal  power  is  much 
inferior  to  that  of  dilute  solutions  of  the  element. 
Fumigation  of  sick  rooms  with  iodine,  some- 
times in  conjunction  with  other  disinfectants, 
by  burning  prepared  candles  or  lamps,  has  been 
tried,  but  apart  from  the  fact  that  the  method 
is  unsatisfactory,  no  chamber  can  be  disin- 
fected while  occupied. 

The  organic  iodo-  compounds  owe  most,  if 
not  all,  their  germicidal  power  to  the  gradual 
liberation  of  iodine  by  the  alkaline  wound 
secretions.  Iodoform  itself  gives  rise  to  symp- 
toms of  poisoning  owing  to  the  too  rapid  evolu- 
tion of  iodine.  Amongst  the  more  important 
organic  iodine  derivatives  may  be  mentioned 
hexamethylenetetramine  compounds,  chrysoform, 
iodoformin,  phenol,  and  homologous  compounds, 
aristol,  iodothymoloform,  europhen,  traumatol, 
isophon,  iodoamsol,  iodocol,  iodised  albumen, 
tannin,  gelatine,  casein,  gluten  peptone  lecithin, 
and  various  iodised  oils  have  been  protected 
under  fancy  names. 

Fluorides,  like  boric  acid,  check  bacteria,  but 
do  not  Idll  them.  As  food  preservatives,  they 
are  only  moderately  efficient,  and  are  not 
innocent  physiologically,  as  they  hinder  pan- 
creatic digestion.  Sodium  silicofluoride  (‘salu- 
fer ’)  and  borofluoride  (‘pyricit’)  have  been 
tried.  Effront  introduced  the  use  of  hydro- 
fluoric acid  and  its  acid  salts  for  checking  in- 
jurious fermentation,  and  J.  Brand  (Zeitsch.  f, 
Brauw.  1904,  xxvii.  115)  states  that  0'5  to  1 p.c. 
solution  of  acid  ammonium  fluoride  is  largely 
used  for  disinfecting  rubber  hose  in  breweries 
{see  also  Hehner,  Analyst,  1902,  173  ; Bichmond, 
Dep.  Comm,  on  Preservatives,  appendix  xxxii.  ; 
Thresh  and  Porter,  Preservatives,  1906,  87). 
Hydrofluosilicic  acid  is  the  active  constituent  of 
‘ Montanin  ’ (obtained  from  by-products  in  the 
pottery  industries),  and  ‘ Keramyl  ’ (about  25 
p.c.  HaSiFg)  (J.  Soc.  Cheni.  Ind.  1904,  34; 
1909,  904).  Frank  (Wasser  u.  Alwasser)  recom- 
mended the  use  of  aluminium  silicofluoride  for 
water  sterilisation.  They  are  stated  to  have  no 
injurious  action  on  health  (Public  Health, 
Oct.  1908). 

Carbonic  acid  seems  to  have  a certain 
amount  of  disinfectant  action,  since  ‘ aerated  ’ 
beverages  have  been  shown  to  be  in  many  cases 
sterilised,  and  COg  under  pressure  preserves 
food  (c/.  J.  Soc.  Chem.  Ind.  1907,  1290). 

Cyanogen  and  hydrocyanic  acid  are  more 
destructive  to  insects  than  to  lower  organisms. 
Fumigation  of  fruit  trees  with  HCN  is  ex- 
tensively practised  in  America,  and  is  con- 
sidered better  than  spraying.  For  greenhouses, 
zinc  capsules  containing  sodium  cyanide  are 
made  ; they  are  placed  in  dilute  sulphuric  acid, 
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and  while  the  zinc  dissolves  the  operator  has 
time  to  retire. 

Acids.  An  acid  medium  is  unfavourable  to 
the  growth  of  most  bacteria,  and  acids  generally 
possess  considerable  disinfectant  power.  Kita- 
sato  found  that  the  growth  of  B.  typhosus  in 
nutrient  broth  or  gelatine  was  entirely  pre- 
vented by  the  following  percentages  of  different 
acids  : 0-08  H2SO4  ; 0-2  HCl  or  HNO3  ; 0-28 
SO 2 ; 0-3  to  0-4  phosphoric,  acetic,  carbolic, 

formic,  oxalic,  or  lactic  ; 0’476  tartaric,  citric, 
and  malic;  1-66  tannic;  and  2-7  boric.  One 
of  the  writers  has  shown  that  in  infected  waters, 
0'035  p.c.  of  H.2SO4  kills  typhosus  in  30  minutes, 
that  in  terms  of  acidity  nitro-hydrochloric  was 
slightly  more  active,  and  that  with  tartaiic 
and  citric  at  least  three  times  the  amount  of 
acidity  was  required  (Epidemiological  Society, 
Jan.  1901).  But  like  other  disinfectants,  the 
activity  of  dilute  acid  solutions  is  considerably 
modified  by  the  presence  of  added  matters  ; 
for  instance,  in  1 p.c.  peptone  broth,  8p.  cholerm 
is  killed  by  O'Ol  p.c.  hydrochloric  acid  in  half  an 
hour,  but  in  2 p.c.  peptone  broth,  0'04  p.c. 
HCl  is  required. 

Paul,  Kronig,  and  Sawey  (Pharm.  J.  1900) 
conclude  that  the  germicidal  activity  of  acids 
generally,  depends  upon  the  degree  of  ionisation 
in  solution,  exceptions  being  HF,  HNO3  and 
trichloracetic,  which  exercise  specific  toxic 
influences.  In  normal  solutions,  the  three  latter 
killed  anthrax  spores  exposed  on  garnets  in 
24  hours,  while  H2SO4,  HCl,  HBr  and  HCIO3 
were  less  active.  Working  with  more  dilute 
acid  solutions,  Winslow  and  Lochridge  (Mass. 
Inst.  Tech.  1906)  have  compared  the  effect  on 
B.  coli  and  typhosus  in  tap  water  and  in  a 1 p.c. 
peptone  water.  With  upwards  of  10,000 
organisms  per  c.c.,  sterilisation  was  obtained 
by  the  following  percentages  of  each  acid  after 
40  minutes’  contact  : — 

B.  typhous  B.  coli 
Tap  1 p.c.  pep-  Tap  1 p.c.  pep- 
water  tone  water  water  tone  water 
Hydrochloric  acid  0-018  0-174  0-045  0-368 

Sulphuric  „ 0-022  0-188  0-081  0-530 

Acetic  „ — — 0-561  0-836 

Benzoic  „ 0-069  0-292  0-242  0-555 

In  agreement  with  the  results  of  other 
workers,  larger  amounts  of  each  acid  are  required 
to  disinfect  in  the  presence  of  peptone  ; with  the 
organic  acids,  benzoic  and  acetic,  this  diminished 
activity  is  not  so  pronounced.  Winslow  and 
Lochridge  find  that  the  disinfectant  power  of 
the  acids  is  not  proportional  to  their  strength  in 
terms  of  normality,  but,  in  the  case  of  the 
mineral  acids,  hydrochloric  and  sulphuric,  to 
the  degree  of  ionisation  of  the  solution,  99  to 
100  p.c.  reduction  of  B.  coli  or  typhosus  being 
effected  with  either  acid  at  the  same  concentra- 
tion of  dissociated  hydrogen.  The  evidence 
tends  to  show  that  the  alteration  in  ionisation 
in  a dilute  acid  solution  brought  about  by  the 
presence  of  otherwise  inert  substances  in  solu- 
tion, as,  for  example,  neutral  salts  of  the  acid, 
accounts  for  the  variation  in  germicidal  activity. 
In  practical  disinfection,  the  subject  is  often 
rendered  still  more  complex  by  a further  inter- 
ference— the  absorptive  effect  on  solids  in 
suspension.  Therefore  the  acidity,  as  found  by 
titration,  does  not  give  the  germicidal  value  of 
an  acid  solution  unless  these  disturbing  factors 
are  considered. 
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Metallic  derivatives.  Warm  alkaline  leys  are 
tlie  most  ancient  of  disinfectants  : potassium 
and  sodium  hydroxides  are  sterilisers  in  the 
proportion  of  not  less  than  2 to  5 p.c.,  their 
carbonates  in  5 to  10  p.c.  At  60°  a contact  of 
5 minutes  ensures  the  death  of  most  organisms 
(Zeitsch.  f.  Hyg.  1903,  349),  hence  ordinary 
soaps  have  a slight  dismfectant  value.  Strong 
brine  is  preservative,  but  not  disinfectant,  and 
the  practice,  formerly  frequent,  of  washing  out 
milk  cans  and  other  utensils  with  it,  is  not  a safe 
one.  Lode  shows  (Chem.  Zentr.  1902,  i.  1122) 
? that  50  p.c.  salt  solution  does  not  kill  the  spores 
‘ of  common  moulds. 

Lime,  as  quicklime,  is  fatal  to  bacteria  when 
it  comes  in  contact  with  them  in  an  almost  dry 
condition,  and  has  been  much  used  where  there 
is  a considerable  space  and  bulk  of  material  to 
be  dealt  with.  It  is  not  safe,  however,  to  trust 
entirely  to  the  old  method  of  burying  infected 
bodies  in  lime,  as,  on  disinterring,  the  live  spores 
may  again  be  diffused,  unless  a long  period  has 
elapsed.  The  disinfecting  power  of  milk  of  lime 
and  whitewash  has  been  much  overrated  ; as  to 
milk  of  lime,  Liborius  stated  (Zeitsch.  f.  Hyg.  ii. 
25)  that  in  the  proportion  of  74  parts  per  million 
of  CaO,  it  destroyed  typhoid  bacilli,  and  that 
246  parts  per  million  were  required  for  cholera 
organisms,  while  2 p.c.  of  dry  lime  was  needed 
for  cholera  di^teharges  ; with  in  each  case  ‘ a few 
hours’  ’ contact.  When  lime  is  added  to  sewage, 
a great  number  of  bacteria  are  carried  down,  but 
are  not  killed,  and  the  supernatant  liquid  is  not 
sterilised.  Dr.  Houston  (7th  and  8th  Reports 
of  the  Metropolitan  Water  Board,  1911  and  1912) 
found  that  0'02  p.c.  of  quicklime  effectively 
destroyed  B,  coli  in  raw  Thames  water  in  from 
5 to  24  hours.  Zinc  chloride,  ‘ Burnett’s  fluid,’ 
formerly  in  high  repute  as  a disinfectant,  is 
not  reliable  in  its  effect,  and  ranks  below 
copper  sulphate  and  mercuric  chloride.  The 
sulphate  has  still  less  energy  (R.  W.  coeff. 
0-09). 

Aluminium  chloride,  ‘ chloralum,’  was  classed 
by  Miquel  between  zinc  chloride  and  copper 
sulphate.  Iron  salts,  especially  ferrous  sulphate, 
were  at  one  time  in  vogue  for  sanitation,  but  are 
ineffective. 

Permanganates  and  manganates  were  first  in- 
troduced as  Condy’s  red  and  green  fluids.  Like 
oxidisers  generally,  they  are  largely  consumed 
by  otherwise  inert  matters  before  attacking 
organisms,  and  as  complete  disinfection  cannot 
be  ensured  unless  an  excess  of  reagent  remains, 
evidenced  by  a pink  colour,  which  is  not  always 
easily  visible  owing  to  the  brown  oxide  of  man- 
ganese produced,  their  use  may  be  very  costly 
and  its  execution  frequently  imperfect.  The 
writer  carried  out  experiments  in  street-watering 
of  two  similar  areas  of  ordinary  soiled  asphalt 
roadway  : {a)  with  water  alone  ; (6)  with  per- 
manganate solution  1 in  5000  (six  times  the 
amount  then  customary),  and  examined  the 
liquid  from  the  surface.  The  permanganate 
was  almost  immediately  decolourised.  Sample 
(6)  was  nearly  inodorous,  on  keeping  became 
much  less  foul  than  (a),  and  the  reduction  in  the 
number  of  organisms  was  96  p.c.,  but  the 
survivors  included  a large  proportion  of  the 
dangerous  forms  (Rideal’s  Sewage,  1906,  117). 
For  polluted  water  Rosenau  recommends  adding 
permanganate  drop  by  drop  till  the  pink  colour 


persists  for  24  hours.  ‘ Pinldng  ’ of  wells  was 
many  years  ago  adopted  by  Hankin  in  India  as 
a precaution  against  cholera.  Permanganates, 
used  in  various  ways,  are  still  being  patented, 
chiefly  for  water  purification. 

Chromic  acid,  although  a powerful  oxidiser 
and  instantly  coagulating  albumen,  is  excluded 
by  its  cost  and  poisonous  and  corrosive  nature 
from  the  list  of  useful  disinfectants  or  of  pre- 
servatives. 

Arsenic,  like  cyanogen,  has  more  effect  on 
higher  than  on  lower  forms  of  life,  and  is  the 
basis  of  valuable  insecticides,  such  as  the  sheep- 
dip  solutions  of  arsenious.  oxide  or  sulphide  in 
soda,  frequently  associated  with  tar  products 
and  nicotine.  See  Chemist  and  Druggist, 
June  11,  1904  ; Rep.  Dept.  Comm.  B.  of  Agric., 
leading  to  the  Sheep-Dip  Act  of  1903  ; and 
Quibell,  J.  Soc.  Chem.  Ind.  1907,  1266.  The 
copper  compounds,  ‘ Paris  green  ’ (aceto- 
arsenite)  and  others,  are  used  for  spraying  or 
dusting  trees,  combining  the  actions  of  arsenic 
and  copper.  Several  organic  arsenic  compounds 
have  been  introduced  as  medicinal  parasiticides 
{see  Lancet,  Brit.  Med.  J.,  &c.,  1910  and  on- 
wards). 

Arsenicals  and  similar  organic  metallic  com- 
pounds are  frequently  selectively  germicidal. 
Salvarsan,  p-p-dihydrosia,  m-w-diamino  arseno- 
benzene  has  a strong  antiseptic  action  on 
anthrax,  erysipelas,  and  glanders,  as  well  as 
syphilis.  The  selective  action  is  more  pro- 
noimced  in  serum  (Zeitsch.  f.  Hyg.  u.  Infeht. 
Krankh.  1914,  77). 

Among  the  more  important  arsenicals  may 
be  mentioned  : — 

Salvarsan. 

Cacodylic  acid  and  its  salts. 

Atoxyl  sodium  aminophenylarsenate. 

Asypliil  mercury  aminophenylarsenate. 

Arrhenal  methyl  disodium  arsenate. 

Arsacetin  p-acetyl  aminophenyl  sodium 
arsenate. 

Soamin  sodium  arsanilate. 

Neosalvarsan  sodium  3‘3-diamino-4'4'-dihy- 
droxy  arsenobenzene  methanal  sulpho- 
xylate. 

Some  metals  in  the  free  state  are  antagonistic 
to  germs.  Dievert  states  (Compt.  rend.  136, 
707)  that  agitation  with  granulated  zinc  kills 
B.  typhosus  and  coli  in  a few  hours,  and  Baeyer’s 
method  of  treating  polluted  waters  with  zinc- 
dust,  charcoal,  and  lime  causes,  according  to 
Margosches  (Leipz.  Monats.  Textilind.  1901,  vi.), 
practical  sterihsation.  Rankin  (Proc.  Roy,  Soc. 
1910,  B,  82,  78)  shows  that  clean  strips  of  Al, 
Zn,  or  Cu,  in  air-free  water,  do  not  reduce  the 
number  of  coli,  whilst  when  air  is  bubbled  through 
there  is  a great  reduction  after  1 hour.  Except 
with  Cu,  peroxide  of  hydrogen  was  produced,  but 
the  amounts  of  this  and  of  the  metal  dissolved 
were  too  small  to  account  for  the  germicidal 
effect,  which  is  ascribed  to  the  metal  and  oxygen 
together.  Metallic  iron  has  long  been  used  for 
purifying  water,  as  in  Anderson’s  process  (J. 
Soc.  Arts.  Feb.  14,  1896) ; in  this  case,  galvanic 
action  and  the  oxides  formed  come  largely  into 
play,  but  Frankland  proved  that  the  metal 
itself  was,  to  a certain  extent,  bactericidal.  Old 
Hindoo  writings  direct  water  to  be  kept  in 
vessels  of  copper ; among  modern  observers,. 
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Nageli,  Galeotti,  and  Israel  and  Klingman  hold 
that  there  is  formed  a colloidal  solution  which 
renders  the  water  toxic  to  many  algse  and 
bacteria.  In  1904  the  U.S.  Dept,  of  Agriculture 
reported  that  1 sq.  cm.  of  bright  copper  per 
100  c.c.  of  water  was  sufficient  to  exterminate 
Uroglena  and  some  forms  of  Spirogyra,  and 
Kraemer  showed  that  the  same  treatment  de- 
stroyed colon  and  typhoid  bacilli  in  4 hours, 
whilst  colloidal  copper  was  quickly  fatal  to  these 
organisms.  For  household  purification,  he  com- 
mended the  use  of  strips  of  copper,  about 

sq.  inch  to  each  quart  (2  sq.  cm.  to  100  c.c.), 
immersed  in  the  water  for  6 to  8 hours.  In  a 
similar  way,  Rideal  and  Baines  (J.  San.  Inst. 
1904,  594)  obtained  sterilisation  of  typhosus,  coli, 
and  S.  py.  aureus  in  less  than  24  hours.  Bassett 
Smith  (j,  Prev.  Med.  July,  1904)  found  that  in 
a bright  copper  vessel,  B.  typhosus  was  still 
living  at  12  hours,  but  was  dead  at  24,  and  that 
of  ordinary  water  organisms,  1020  per  c.c.  at 
first,  only  8 per  c.c.  (none  of  them  liquefying) 
were  left  after  24  hours.  He  concluded  that 
clean  iron  or  zinc  was  nearly  equal  to  copper  in 
first  effect,  but  soon  lost  the  power  by  oxidation. 

Copper  salts  have  a distinctly  poisonous 
action  on  lower  organisms,  and  are  now  used  in 
many  places  to  retard  algae  development  early 
in  their  seasonal  growth  in  water  reservoirs, 
Kroncke  considered  cuprous  chloride  to  be  the 
most  active  of  the  salts  : he  treated  Elbe  water^ 
containing  40  to  50  thousand  organisms  per  c.c,, 
with  50  parts  per  million  of  CuoClg  and  20  parts 
of  ferrous  sulphate,  allowed  6 hours’  contact, 
then  agitated  with  10  parts  of  lime.  After 
setthng  and  filtration  through  sand,  the  water 
was  sterilised,  clear,  and  colourless,  and  free 
from  iron  and  copper.  Schumberg  (Chem.  Zentr. 
1900,  ii.  203)  corroborated  the  sterility  at  the 
end  of  6 hours.  The  efficiency  of  soluble  cupric 
salts  is  generally  dependent  on  their  percentage 
of  copper  (Green,  Zeitsch.  f.  Hyg.  1893,  495  ; 
Rideal  and  Baines,  lx.),  but  the  sulphate  is 
commonly  used  as  most  convenient.  For  dis- 
infecting sewage  effluents  (and  inferentially  for 
reservoirs),  American  investigations  conclude 
that  copper  sulphate  ‘ is  not  so  efficient  as 
chlorine  compounds,  is  more  seriously  affected 
by  carbonates,  and  is  much  more  expensive  ’ 
(U.S.  Geol.  Survey,  Water  Supply  Paper  229, 
1909,  32  ; also  see  Bull.  U.S.  Dept,  of  Agric. 
No.  100,  1906). 

Disinfection  of  excreta  and  morbid  products, 
even  with  considerable  quantities  of  copper 
salts  {e.g.  5 to  10  p.c.  of  the  sulphate),  is  not 
reliable.  For  killing  agricultural  parasites, 
their  use  is  well  known,  including  that  of  the 
sulphate  for  soaking  seeds  and  against  potato 
blight,  also  verdigris  (acetate),  ‘ Paris  green  ’ 
(arsenite),  copper-lime-sugar  and  copper-soap 
washes  for  - trees,  and  ‘ Bordeaux  mixture  ’ 
(copper  sulphate  and  lime).  The  last  named 
was  introduced  for  vines,  but  has  been  since 
extended  to  other  crops.  In'^reference  to  the 
general  practice  of  employing  the  metallic 
compound  in  the  precipitated  or  solid  form, 
instead  of  in  solution,  the  main  points  stated 
are  ( I ) that,  in  the  former  way,  it  is  not  liable  to 
injure  the  plant  or  contaminate  its  tissues  ; (2) 
that  the  copper  should  remain  as  an  external 
coating,  because  the  spores  germinate  on  the 
surface : (3)  that  uncertainty  of  composition 
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and  inequality  ot  application  are  overcome  by 
certain  precautions  and  definite  prescriptions. 
See  British  Board  of  Agriculture  leaflets  23  and 
225  ; the  latter  (May,  1909)  gives  a method  of 
preparing  and  using  Bordeaux  mixture  : ‘ for  a 
3 p.c.  solution,  3 lb.  copper  sulphate  and  2 lb. 
freshly  burnt  quicklime  to  10  gallons  of  water.’ 
See  also  J.  Soc.  Chem.  Ind.  1896,  332  ; 1907, 
1291  ; Compt.  rend.  1911,  152,  532.  Chuard 
{ibid.  1910,  150,  839),  estimating  that  12,000  tons 
of  copper  are  thus  consumed  annually  in  France, 
expresses  anxiety  as  to  the  result  of  its  accumu- 
lation in  the  surface  soil,  and  with  a view  to  re- 
ducing the  quantity  states  that  a half  p.c. 
aqueous  mixture  of  the  oxychloride  is  as  adhesive 
and  effective  as  the  usual  2 p.c.  paste  of  the 
sulphate.  Cupric  sulphate  impregnation  for 
preserving  or  ‘ kyanising  ’ timber  has  been 
superseded  by  creosote  oils,  since  the  former 
washed  out  of  the  wood.  ‘ Microsol,’  sold  as  a 
soluble  disinfectant  for  stables  and  drains,  con- 
tained 75  p.c.  of  copper  sulphate  with  sulpho- 
carbolate  and  some  free  sulphur  dioxide. 

Mercury. — Mercuric  chloride,  ‘ corrosive  sub- 
limate,’ has  long  been  recognised  as  one  of  the 
most  powerful  of  disinfectants,  and  a 1 per 
1000  solution  was  the  earliest  standard  for 
comparisons.  Apart  from  cost,  points  limiting 
its  utility  to  special  purposes  are  : (1)  the  poison- 
ous effect  on  higher  animals  and  plants  ; (2)  its 
precipitation  by  so  large  a number  of  sub- 
stances, such  as  hard  water,  alkalis,  and 
numerous  salts,  metals,  sulphides,  and  many 
organic  bodies,  causing  its  action  to  be  liable  to 
great  variations  and  inconveniences.  It  will 
often  form  a pellicle  over  organisms  without 
killing  them,  and  it  is  ina2)plicable  to  the  dis- 
infection of  sputum,  excreta,  and  the  like,  from 
its  producing  a coagulum  which  prevents  further 
penetration.  Sodium  or  ammonium  chloride  is 
sometimes  added  to  increase  the  stability  of  the 
aqueous  solution,  but  considerably  diminishes 
the  germicidal  power.  The  Local  Government 
Board  recommended  for  disinfecting  purposes  : 
HgClg  ^ oz.,  HCl  1 fluid  oz.,  aniline  blue  6 grs. 
(a  colouring  for  safety),  water  3 gallons  (1  in 
962). 

Kronig  and  Paul  in  1897  showed  that 
mercury  salts  followed  a general  rule  that  the 
germicidal  power  depends  on  the  metallic  ion, 
and  is  in  proportion  to  the  degree  of  ionisation, 
so  that  a 1 in  500  solution  of  HgCL  is  much  less 
than  twice  as  active  as  1 in  1000  : moreover,  the 
chloride  is  more  active  (in  equivalent  solutions) 
than  the  bromide,  and  4 times  more  active  than 
the  cyanide,  which  is  almost  non-ionised.  Solu- 
tions of  the  oxycyanide  are  used  in  surgery,  are 
distinctly  alkaline,  and  only  slightly  precipitate 
albumen ; a strength  of  1 in  1500  is  antiseptic, 
does  not  really  attack  instruments,  and  is  not 
irritant.  Mercuric  iodide,  dissolved  in  potassium 
iodide,  is  a powerful  disinfectant,  and  is  made 
up  as  ‘ iodic  hydrarg.’  It  is  less  affected  by 
albuminoids  and  less  irritant  than  the  chloride, 
and  is  incorporated  in  a disinfectant  soap. 
Mercury-zinc  cyanide,  ‘ Lister’s  antiseptic,’  has 
the  disadvantage  of  being  of  variable  composi- 
tion. A great  number  of  organic  mercurial 
compounds,  introduced  into  medicine  and 
surgery,  trace  their  main  effect  to  an  antiseptic 
or  germicidal  action.  ‘ Sublamin,’  mercuric - 
ethylenediamine  sulphate  (43  p.c,  Hg),  is  easily 
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soluble  in  water,  is  much  less  irritant  than 
mercuric  chloride,  does  not  coagulate  albuminous 
solutions  nor  precipitate  soap,  and  is  a valuable 
hand- disinfectant,  ‘ Protectyl  ’ contains  about 
96  p.c.  water,  1 p.c,  salicylic  acid,  0‘2  p.c. 
mercury,  and  about  3 p.c.  gelatin. 

Sodium  hydriodic  mercurobenzoate  was 
carefully  investigated  as  a disinfectant  by 
Schreller  and  Schranth  (Zeitsch.  f.  Hyg.  u. 
Infect,  Kranh.  1911),  They  found  that  the 
germicidal  powers  could  be  enhanced  by  the 
introduction  of  halogens,  methyl,  methoid,  or  a 
second  hydroidic  mercury  group  into  the 
nucleus,  whilst  a corresponding  depression  was 
caused  by  sulphonation  or  the  introduction  of 
an  amino  grouping,  sodium  oxymercury  ortho- 
nitrophenolate,  ‘ Mercurophen  ’ is  said  to  have  a 
carbolic  acid  coefficient  by  the  R.W.  method  of 
over  10,000,  to  be  less  toxic  than  mercuric 
chloride,  and  to  exert  less  than  one-quarter  of 
the  precipitating  power  which  this  salt  has  on 
blood  serum  (S.  Schamberg,  J.  Amer.  Med. 
Assoc.  1917). 

Silver  nitrate  stands  next  to  mercuric  chloride 
in  germicidal  power,  and  has  similar  limitations 
in  its  use,  with  the  additional  one  of  being 
precipitated  by  chlorides.  The  writer  found 
that  1 in  1000  killed  B.  coli  and  S.  py.  aureus 
in  24  hours,  but  a small  quantity  of  chloride  or 
organic  matter  prevented  the  effect.  Among 
other  silver  salts  are  the  citrate,  ‘ Itrol/  recom- 
mended as  a non-irritant  antiseptic  dusting  for 
wounds  (Pharm.  Zentr,  38,  460) ; ‘ Actol,’  the 
lactate,  for  antiseptic  injections  : ‘ Tachiol  ’ 

silver  fluoride,  easily  soluble,  and  a powerful 
non-toxic  bactericide  specially  useful  for  the 
urinary  tract  (1  in  1000  to  1 in  5000  is  suggested 
by  Paterno  and  Cigolani  for  sterilising  water  in 
a concentration  of  1 in  400,000.  Chiefly  with 
the  object  of  avoiding  irritant  action,  incom- 
patibility with  chlorides,  and  coagulation  of 
albuminoids,  a large  number  of  organic  pre- 
parations of  silver  have  been  introduced,  such 
as  ‘ argentamine  ’ (ethylenediamine-silver-phos- 
phate),  and  the  proteid  compounds  ‘ argonine  ’ 
(casein),  ‘ argyrol  ’ (gluten),  ‘ largin  ’ (albumen), 
and  ‘ protargol  ’ (protein).  A report  to  the  British 
Med.  Assoc,  in  1906  gives  the  time  in  minutes 
required  to  kill  8.  py.  aureus  by  the  prepara- 
tions used  as  : silver  nitrate  (|  to  2 p.c,),  2 to  5 ; 
protargol  (2  to  4 p.c.),  3 to  5 ; largin  (10  p.c,), 
2 to  5 ; argonine  (5  p.c.),  3 to  6 ; whilst  argyrol 
and  ‘ collargol  ’ (colloidal  silver,  J.  Soc.  Chem. 
Ind.  1903,  315)  had  very  little  bactericidal  power 
(Lancet,  1907,  i.  675).  Many  of  these  are 
destructive  to  gonococci  and  to  ophthalmic 
disease  organisms. 

Osmic  acid  was  found  by  Koch  and  Klein  to 
be  powerfully  bactericidal ; it  is  very  poisonous 
and  a strong  oxidiser.  The  former  stated  that 
an  extremely  dilute  solution  of  potassium 
auricyanide,  1 part  Au(CN)3  in  2 millions, 
checked  the  growth  of  B.  tuberculosis. 

Chick  and  Martin  (J.  of  Hyg.  1908,  634) 
observe  that  for  spores,  metallic  salts  rank 
highest  as  germicides  ; with  mercuric  chloride, 
the  teduction  of  efficiency  caused  by  blood 
srum  is  much  greater  than  with  phenol. 

Organic  Compounds. 

Compounds  related  to  the  alcohols.  It  has 

long  been  known  that  ‘ wood  spirit,’  crude 


methvl  alcohol,  in  a dilution  as  low  as  about 
5 p.c.,  cam  kill  insects  and  most  micro-organisms, 
and  preserve  perishable  organic  materials  owing 
to  the  tar  products  that  it  naturally  contains. 
The  alcohols,  by  themselves,  are  only  efficient 
in  a very  much  higher  strength  by  coagulating 
albumen  and  (when  absolute)  by  withdrawing 
water.  Wirgin  (Zeitsch,  Hyg.  1904,  46,  149) 
has  tested  methyl,  ethyl,  butyl,  and  amyl 
alcohols  with  anthrax  spores,  and  8.  py.  aureus, 
and  concludes  that  the  ffisinfecting  power  is  low, 
that  it  increases  with  the  molecular  weight,  and 
that  there  is  scarcely  any  action  on  dry  spores. 
It  has  been  suggested  to  add  alcohol  vapour  in 
steam  disinfection,  but  Seige  (Chem.  Zentr.  1902, 
1,  130)  finds  no  advantage.  Hand-disinfec- 
tion with  alcohol  is  not  reliable  (Goenner ; 
Harrington,  Boston  M.  J.  May  21,  1903),  al- 
though Hansen  found  that  epidermal  bacteria, 
e.g.  eczema,  are,  when  moist,  destroyed  in  one 
minute  by  absolute,  and  in  most  cases  by  50-60 
p.c,  alcohol  (Centr.  Bakt.  1907,  466),  This 
statement  is  supported  by  A.  Zabludowski 
(Deut,  Med.  Wochenschrift,  1911,  405),  who 
advised  the  addition  of  5 p.c.  of  tannic  acid. 
Sterility  of  the  hands  could  be  obtained  by  2 
minutes’  immersion.  Glycerol  in  strong  solu- 
tions (25  p.c.  and  upwards),  is  antiseptic,  but 
in  weaker  ones  it  rather  promotes  the  growth  of 
bacteria,  Allyl  isothiocyanate,  mustard  oil,  has 
figured  in  a number  of  patents,  and  is  capable  of 
killing  many  organisms,  but  not  economically. 

Formaldehyde  is  found  in  commerce  as  the 
40  p.c.  solution  ‘ formalin  ’ or  ‘ formol  ’ ; it  is 
antiseptic  and  germicidal,  and  is  official  in  the 
German,  Austrian,  Belgian,  United  States,  and 
Japanese  pharmacopceias.  Formalin,  diluted 
10  times,  is  used  for  embalming  and  for  pre- 
serving bodies  for  dissection  and  museum 
specimens,  but  for  antisepsis  generally,  a much 
weaker  solution  is  efficient.  The  Board  of 
Agriculture  (Dec.  1906)  found  that  fruit  of  all 
kinds  immersed  for  10  minutes  in  a solution  of 
3 pints  formalin  to  10  gallons  water  ( = 1^  p.c. 
CHgO),  then  allowed  to  drain  and  dry,  keeps 
10  to  21  days  longer  than  when  untreated  ; and 
that  one  lot  of  liquid  can  be  used  for  a number 
of  batches.  S.  Bideal  and  Dr,  Foulerton  have 
proved  that  1 in  50,000  of  formaldehyde  ( = 1 in 
20,000  of  formalin)  suffices  to  keep  milk  sweet 
for  24  hours,  even  in  warm  weather,  without 
injury  to  health  (Pub.  Health,  May,  1899 ; 
Lancet,  1899,  1427,  1571).  Apparently  because 
experiments  with  larger  doses  showed  effects  on 
nutrition,  the  British  Dept.  Committee  on 
Preservatives,  in  1901,  recommended  ‘ that  the 
use  of  formaldehyde  or  formalin  or  preparations 
thereof  in  foods  or  drinks  be  absolutely  pro- 
hibited.’ And  yet  its  agency  in  the  preserva- 
tion of  food  is  as  ancient  as  that  of  salt.  The 
disinfectant  and  preservative  power  of  wood- 
smoke  is  in  part  due  to  formaldehyde,  which 
is  present  on  the  surface  of  smoked  provisions,  ^ 
and  was  found  by  Trillat  in  amounts  varying 
from  to  the  weight  of  the  substance 

consumed,  in  smoke  from  wood  and  cellulose. 
In  tobacco  smoke,  he  found  0’05  to  0-12  p.c., 
and  in  soot  from  house  chimneys,  0’28  to  0’35  p.c. 

^ Bcrrici’  finds  to  in  fiacon,  tiam, 

sausages,  and  herrings  ; remarks  that  a strict  regulation 
against  formaldehyde  would  forbid  these  foods ; and  con- 
tends that  a limit  should  be  fixed  instead  of  prohibition. 
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as  paraformaldehyde.  Typhoid  and  cholera 
organisms  were  killed  by  products  from  the 
combustion  of  2 grams  of  sugar  passed  into  a 
12  litre  vessel,  and  by  burning  4 kilos,  of  sugar 
in  a room  of  100  cub.  metres  ‘ even  very  resistant 
organisms  were  destroyed,’  (Rouguier  has 
made  this  the  basis  of  Fr.  Pat.  360476,  1905.) 
With  straw,  the  best  results  were  obtained  by 
burning  it  in  a heap  of  alternate  dry  and  wet 
layers  : using  18  kilos,  of  straw  in  a room  of 
140  cub,  metres  (4944  cub.  feet),  B.  coU  and 
diphtherice  were  destroyed  after  contact  with 
the  smoke  for  12  hours  ; the  room  temperature 
rose  to  35°,  and  up  to  2 grams  of  formaldehyde 
were  generated  per  kilo,  of  straw  (Compt,  rend. 
138,  1613;  139,  742;  140,  797  ; 141,  215; 

150,  339). 

H.  Will  (Zeitsch.  Brauw.  1905,  28,  330,  347) 
gives  formalin  a very  high  place  among  brewery 
disinfectants.  He  notices,  like  other  observers 
(Kingzett,  Slater  and  Rideai,  Lancet,  April  21, 
1894),  that  it  is  more  powerful  against  bacteria 
than  against  yeasts  and  mould  fungi.  Limits 
recorded  as  preventing  development  are  : 
sarcinse  and  bacteria,  0‘003  to  0-031  p.c.  ; 
yeasts,  0'007  to  0-062  p.c.  ; moulds,  0-031  to 
0-125  p.c. 

Advantages  in  formaldehyde  disinfection  are  : 
(1)  that  it  can  be  easily  applied  in  the  state  of 
gas  or  vapour  for  fumigation  ; in  the  liquid  con- 
dition as  spray,  wash,  dipping,  or  in  higher 
dilutions  as  an  antiseptic,  or  in  the  solid  form 
as  its  polymers,  compounds,  or  mixtures  ; (2) 
that  unlike  mercuric  chloride  and  many  other 
agents,  it  is  not  thrown  out  of  action  by  albu- 
minous matter  or  by  most  chemicals  ; (3)  that 
it  is  effective  in  strengths  which  are  not  irritant 
or  poisonous,  and  does  not  injure  fabrics  or  metals. 
At  quarantine  stations,  large  quantities  of  bulbs, 
roots,  nuts,  fruits,  &c.,  coming  from  plague  or 
cholera-infected  regions  are  disinfected  by 
immersion  in  a 5 p.c.  solution  of  formalin,  which 
does  not  injure  the  food  value  and  much  retards 
decay.  In  the  Linley  process,  meat  is  treated 
with  formaldehyde  vapour,  ‘ 1 oz.  formalin  per 
cub.  foot  of  space  in  the  chamber,’  the  gas  after 
a time  removed  by  a fan,  and  the  meat  frozen 
for  shipment.  Buchanan  and  Schryver  (L.G.B. 
Food  Report,  No.  9)  state  that  the  gas  commonly 
penetrates  for  about  20  mm.  under  a thin  layer 
of  connective  tissue,  that  the  amount  absorbed 
often  reaches  1 in  3500,  that  it  is  reduced  or 
removed  by  boiling  or  roasting,  but  that  grilling 
seems  to  make  it  penetrate  further. 

In  surgery,  formaldehyde  and  its  prepara- 
tions have  been  of  wide  service.  Amongst  the 
more  important  may  be  mentioned  the  following 
formaldehyde  and  formaldehyde  ammonia  (hexa- 
methylene  tetramine)  compounds  : — 


With  formaldehyde 
Inorganic  com-  Glyceroborate 
pounds  or  boroform 

Aluminium  si- 
licate ordreia- 
form 

Aliphatic  deri-  Iodoform  or 
vatives  eteaiodoform 

Acetamide  or 
formicin 


With  hexamethy- 
lene  tetramine 
Triborate  or 
borovertin 
Dichromate  or 
chromoform 
Acid  phosphate 
or  hexanitrine 
Dibromodiiodo 
chrysoform 
Sodium  acetate 
cystopurin 
Iodoform  iodo- 
formin 


With  formaldehyde 
Aromatic  deri-  Phenol 


vatives 

Carbohydrates 

Miscellaneous 


Resorcinol 
Guaiacol 
Thymol 
Cresols  and 
potash  or 
tysoform 
Tar  and  pitch 
Lactose 
Dextrin 
Milk  sugars 
Starches 
Casein 
Gelatin 
Terpenes 
Tannins 


With  hexamethy- 
lene  tetramine 
Resorcinol 
Guaiacol 
Salicylates 
Salicyl-sulpho- 
nates 


Milk  sugar 


Silver  albumin 

Camphorate 

Tannins 


Geronzi  found  that  the  addition  of  5 p.c.  of 
sodium  carbonate  to  the  5 p.c.  formalin  which  he 
successfully  used  for  obstinate  ear  disease 
increased  the  tolerance  and  enhanced  the  germi- 
cidal power  (Arch.  Ital.  di  Otologia,  1 903). 

Formaldehyde  antiseptic  powders  for  dressing 
are  ‘ Amyloform  ’ (starch)  ; ‘ Proteol  ’ (casein)  ; 
‘ Steriform  ’ and  ‘ Sterisol  ’ (lactose)  ; ‘ Glutol  ’ 
(gelatin).  These,  especially  the  last,  when 
moistened  as  in  a wound,  slowly  regenerate 
formaldehyde.  Formalised  gelatine  is  now 
largely  used  with  success  instead  of  surgical 
collodions.  Formamint  tablets,  ‘ for  infectious 
diseases  and  as  a prophylactic,’  are  said  to 
contain  0-01  gram  of  CHgO  in  each,  combined 
with  milk  sugar  (Eng.  Pat.  2672,  1906  ; Pharm. 
J.  1907,  ii.  838).  M.  Jones  states  that  with 
B.  diplitherice  the  R.W.  coefficient  is  only  0-01 
as  against  0-30  for  cyllin  pastiles. 

Paraform,  paraformaldehyde,  trioxymethy- 
lene,  or  ‘ triformal,’  is  a solid  polymer,  only 
slightly  soluble  in  cold  water,  and  dissociated 
into  CH2O  gas  on  heating.  It  was  introduced 
as  an  internal  antiseptic  and  for  disinfecting 
instruments,  and  said  to  be  as  active  as  ^-naph- 
thol,  but  its  chief  use  is  for  evolving  formalde- 
hyde either  alone  or  in  mixture,  for  which  a large 
number  of  methods  have  been  proposed,  many 
of  them  patented.  Mixtures  with  Na,  Ba,  or 
Sr  peroxide,  when  brought  into  contact  with 
water,  yield  formaldehyde  and  hydrogen  perox- 
ide : it  is  stated  that  ‘ Autan  ’ contains  1 part  of 
paraform  to  2 of  BaOg  (Lancet,  1908,  i.  139), 
and  that  50  grams  mixed  with  water  kill.^  all 
organisms  in  a cubic  metre  of  air  bubbled  through 
it  (Fr.  Pat.  366605,  1906). 

Room  disinfection  with  formaldehyde  cannot 
be  economically  effected  by  simply  evaporating 
the  solution ; under  ordinary  circumstances, 
only  a portion  of  the  substance  is  volatilised, 
the  remainder  polymerising  and  remaining 
behind  as  a solid,  while  reliable  disinfection 
requires  a definite  large  volume  of  gas  to  be 
produced  in  a short  time.  For  this  object, 
very  numerous  methods  and  apparatus  have 
been  devised,  which  may  be  grouped  as  follows: — 

A.  Direct  production  of  CHgO  gas,  by  passing 
methyl  alcohol  vapour  and  air  over  hot  surfaces 
of  platinum  (Hofmann)  or  partly  oxidised 
copper  (Loew),  The.  various  lamps  on  this 
principle  have  had  the  faults,  among  others,  that 
the  oxidation  is  incomplete  and  inconstant. 
Kenwood  found  that  1|  litres  of  methyl  alcohol 
were  required  to  disinfect  a room  of  2000 
cub.  feet. 
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B.  Heating  the  solution  (formalin)  under 
pressure  was  used  by  Trillat,  calcium  chloride 
being  added  to  raise  the  boiling-point.  In  his 
autoclave,  1 lb.  formalin  was  required  for  1500 
cub.  feet.  By  this  method,  Kenwood  obtained 
sterilisation  of  diphtheria  swabs,  and  S.  Bideal 
with  various  articles  infected  with  B.  typhosus, 
diphtherice,  coli,  S.  py.  aureus,  and  anthrax 
spores,  found  that  in  24  hours  all  were  sterilised, 
whilst  fabrics,  furniture,  metals,  and  leather  were 
not  injured.  {See  also  3.  B.  San  Inst.  1903,  508.) 

C.  Formalin,  mixed  with  glycerol,  is  distilled 
at  nearly  the  ordinary  pressure,  as  in  the 
Trenner-Lee,  Lentz,  and  Lingner  apparatus. 
The  latter,  according  to  the  Bussian  National 
Health  Society’s  Journ.  1900,  was  mainly  in- 
strumental in  extinguishing  the  plague  at 
Astrachan,  in  1899.  Klein  (report  of  1902),  by 
3 hours’  exposure  in  a sealed  room  with  the 
Lingner  generator,  sterilised  anthrax  spores  and 
tubercular  sputum.  Houston  and  Newman 
also  report  favourably  (Practitioner,  Sept.  1902). 

An  important  point  to  notice  is  that  in 
method  (B),  the  CH2O  is  chiefly  liberated  at  the 
beginning  of  the  operation,  in  (C)  at  the  end, 
mixed  in  the  latter  case  with  steam  and  glycerol 
spray,  which  deposits  as  a film  on  the  surfaces, 
and  assists  in  the  penetration  and  disinfectant 
action. 

D.  Formaldehyde  has  also  been  used  in 
conjunction  with  acetone  (Eng.  Pat.  10398, 
1908),  SO2  (Fr.  Pat.  379998,  1906),  alcohol,  and 
some  fatty  acids. 

E.  Evolution  by  mixing  with  other  chemicals. 
Dehydrating  agents  disengage  very  little  CHoO 
gas  from  formalin,  since  most  of  it  polymerises. 
With  quicklime,  S.  Bideal  has  only  obtained 
8 p.c.  of  the  theoretical  yield  (c/.  Eng.  Pat.  8259, 
1899;  Fr.  Pat.  323041,  1902;  and  U.S.  Pat. 
790468,  1905).  Carteret  observes  (Compt.  rend. 
1908,  146,  819)  that  1 part  formaldehyde  and  2 
parts  bleaching  powder  added  to  3 parts  water 
evolve  70  p.c.  of  the  theoretical  yield  (D.  B.  P. 
217944  of  1908).  Potassium  permanganate 
behaves  similarly,  generating  great  heat ; 
U.S.  Pat.  885223  relates  to  a mixture  of  this 
kind.  Major  Munson  (Trans.  Inter.  Congress 
Hygiene,  Washington,  1913,  756)  has  obtained 
86  p.c.  of  the  formalin  vaporised,  and  S.  Bideal 
(Blackpool  Congress,  1914)  used  a paper  bag 
for  sterilising  clothes,  using  40  grams  per- 
manganate to  100  c.c.  formalin.  The  action  of 
peroxides  has  been  already  mentioned. 

F.  The  simplest  process  is  heating  paraform 
by  a small  flame  (avoiding  ignition),  v/hen  it 
melts  and  is  resolved  into  CHgO.  The  ‘ Al- 
formant,’  or  Schering  lamp,  uses  1-gram  tablets 
placed  in  a perforated  cup,  and  it  is  directed  to 
use  10  tablets  per  1000  cub.  feet  with  6 hours’ 
exposure.  S.  Bideal  found  that  this  quantity 
killed  B.  coli,  typhosus,  diphtherice,  and  S.  py. 
aureus  in  20-24  hours,  and  that  double  the 
quantity  in  the  same  time  killed  moist,  but  not 
always  dry  anthrax  spores.  He  recommended 
spraying  with  ^ p.c.  solution  of  formalin 
before  using  the  lamp,  as  the  gas  is  evolved  with 
insufficient  moisture.  The  latter  defect  is 
remedied  in  the  ‘ hydroformant  ’ lamp,  in  which 
12  ozs.  of  water  in  an  annular  vessel  is  simul- 
taneously evaporated.  Bosenau  considers  this 
method  of  generating  CHgO  useful  for  the 
disinfection  of  closets  and  small  enclosures  of 


less  than  100  cub.  feet,  with  not  less  than  12  and 
preferably  24  hours’  exposure,  and  not  less  than 
2 ozs.  of  paraform  per  100  cub.  feet  (about  2 
grams  per  cub.  metre).  Klein,  Houston,  and 
Gordon  (London  County  Council,  1902)  record 
that  with  23  grams  of  paraform  per  1000  cub. 
feet,  B.  typhosus,  diphtherice,  pyocyaneus,  and 
8.  py.  aureus  were  killed  in  5 hours,  but  not 
anthrax  spores  nor  (with  certainty)  tuberculosis 
in  sputum.  It  will  be  noticed  that  the  time 
is  not  even  that  given  in  the  directions  issued 
with  the  lamp,  and  the  humidity  and  tempera- 
ture of  the  room  are  not  stated.  Allan,  Newman, 
and  Cribb  had  previously  obtained  generally 
satisfactory  results  with  10  grams  paraform 
per  1000  cub.  feet,  under  moist  conditions 
(Brit.  Med.  J.  Aug.  13,  1898).  Kenwood’s 
experiments  pointed  to  an  average  of  25  grams 
per  1000  cub.  feet  being  necessary,  Werner 
and  Bonhoff  (Berk  Klin.  Woch.  1904)  find  that 
tubercular  sputum  is  certainly  disinfected  by 
5 grams  per  cub.  metre  (141  grams  per  1000  cub. 
feet)  acting  for  7 hours,  which  is  double  the 
quantity  Flugge  first  recommended.  In  Breslau 
a large  number  of  formaldehyde  disinfections 
are  carried  out  for  scarlet  fever  and  measles, 
and  the  disease  has  in  no  case  recurred  in  the 
same  room. 

Spraying  with  the  solution  should  be  the 
invariable  practice  except  with  the  large  CHgO 
generators,  which  are  capable  of  filling  the  room 
also  with  steam  and  spray.  When  spraying 
is  used  alone,  there  is  a danger  of  not  pene- 
trating into  crevices,  and  the  solution  must  be 
of  higher  strength  ; Dr.  Mackenzie’s  extensive 
experience  in  the  disinfection  of  houses  and 
hospital  wards,  proved  that  1 p.c.  CHgO  (4  ozs. 
formalin  per  gallon)  is  attended  with  success  ; he 
adds  5 ozs.  glycerol  per  gallon  of  formalin  to 
prevent  too-rapid  drying.  Thresh  and  Sowden 
in  3 to  4 hours  sterilised  dipjhtheria,  typhosus, 
cholera,  pyog.  aureus,  and  prodigiosus  with 
^ p.c.  CH.jO,  but  pyocyaneus  (on  whitewash) 
only  with  2 p.c.  ; they,  therefore,  recommend 
the  latter  strength. 

Where  the  space  has  to  be  occupied  soon 
afterwards,  any  residual  formaldehyde  can  be 
neutralised  by  volatilising  ammonia.  The  pro- 
duct, under  the  name  of  Lhotropine,  is  a service- 
able antiseptic  in  cystic  affections,  and  is 
administered  to  typhoid  ‘ carriers  ’ to  destroy 
the  bacilli  of  the  disease  in  the  urine.  Urotro- 
pine  is  the  basis  of  a large  number  of  antiseptic 
preparations  {see  above). 

Disinfection  of  excreta  is  attained  by  mixing 
with  3 to  5 p.c.  of  formalin  and  keeping  in  a 
closed  vessel  for  at  least  an  hour.  Bosenau 
states  that  faeces  are  rendered  sterile  at  the  end 
of  10  minutes  by  an  equal  volume  of  a 4 p.c. 
solution  of  formalin.  Houston  prescribes  1 to  2 
pints  (according  to  bulk)  of  5 p.c.  formalin,  acting 
for  at  least  an  hour  (Practitioner,  Sept.  1902), 

Formaldehyde,  as  an  insecticide,  is  much 
inferior  to  SO 2,  although  Brough  (J.  Mass.  B.  of 
H.  March,  1898,  51)  observed,  in  his  disinfections 
with  the  former  gas,  that  all  the  flies  were  in- 
variably killed,  and  generally  the  bed-bugs.  It 
is  an  excellent  deodorant. 

No  acidity  is  produced  by  continuous 
spraying  or  distillation  of  formaldehyde,  there- 
fore it  is  not  readily  converted  into  formic  acid 
in  this  way. 
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Formic  acid. — We  have  discussed  the  germi- 
cidal action  of  acids  generally  in  an  earlier 
section  of  this  article.  Formic  acid  has  this 
power  to  a considerable  extent,  and  is  a strong 
antiseptic.  Kitasato’s  results,  as  summarised 
by  Horrocks,  gave  acetic  acid  a slightly  higher 
activity  in  nutrient  media,  stating  that  with 
B.  typhosus  the  amounts  p.c.  in  cases  of  (1) 
growth,  (2)  growth  restrained,  (3)  no  growth, 
were  respectively  : formic  acid,  0’22,  0'278,  and 
0’356  ; acetic  acid,  0'2,  0’225,  and  0‘3  ; with 
8p.  choleras,  formic,  Odl,  0-167,  0-22  ; acetic,  0-1, 
0'153,  0-2.  But  very  different  results  are  ob- 
tained in  water  and  most  organic  solutions.  The 
writer  has  found  that  typhosus  is  killed  by  0-5  p.c. 
of  formic  acid  in  less  than  15  minutes  and  by 
O'l  p.c.  in  about  30  minutes  ; and  in  1907  he 
made  the  R.W.  typhosus  coefficient  of  formic 
acid  many  times  higher  than  that  of  acetic.  He 
also  found  the  preservative  action  to  be  higher  : 
with  vegetable  substances,  1 p.c.  of  formic  acid 
was  equal  in  effect  to  5 p.c.  of  acetic  (time  of 
trial,  2 months).  Raw  fish  were  mounted  in 
0-53  p.c.  formic,  in  5 p.c.  acetic,  and  in  0-3  p.c. 
boric,  acids,  heated  for  20  minutes  to  80°,  and 
the  jar  closed  with  cotton  wool ; in  a week,  the 
last  was  brownish,  disintegrated,  and  uneatable, 
though  not  distinctly  putrid  ; while  the  first  two 
kept  sweet  and  of  natural  characters  for  3 
months.  Experiments  with  bread-pulp  infected 
with  a mixed  mould-growth  proved  that  O'l 
p.c.  of  formic  acid  entirely  inhibits  the  growth 
for  several  days,  even  under  the  most  favour- 
able conditions  of  culture.  But  in  the  de- 
struction of  the  spores,  formic  acid  is  less 
effective  than  formaldehyde.  Lebbin  (Chem. 
Zeit.  1906,  30,  1009)  effectively  preserved 

different  classes  of  foods  by  0-15  p.c.  of  formic 
acid,  and  others  have  proved  that  in  the  quan- 
tities mentioned  above  it  is  physiologically 
harmless ; the  taste  is  more  pleasant  than 
acetic  acid,  and  the  odour  is  not  noticeable. 
B.  H.  Smith  (J.  Amer.  Chem.  Soc.  1907,  1236) 
preserved  vegetables  with  formic,  with  salicylic 
and  with  benzoic  acid,  in  unprotected  jars. 
Under  conditions  in  which  the  untreated  samples 
became  sour  and  mouldy  in  2 days,  O'l  p.c. 
formic  acid  preserved  them  for  7 days,  0-3  p.c. 
for  12  to  18  days,  0-5  p.c.  for  25  days,  0-7  p.c. 
and  1 p.c.  for  45  to  over  85  days,  and  2 p.c.  for 
over  85  days.  He  states  that  O’l  p.c.  of  benzoic 
acid  kept  his  sample  for  85  days,  whilst  with  the 
same  quantity  of  salicylic  acid  it  was  sour  in 
9 days.  In  ordinary  preserving  practice,  as 
we  have  seen,  the  articles  would  have  remained 
good  for  the  longer  time  with  the  smaller  quan- 
tities of  formic  acid,  which,  even  if  it  must  be 
applied  in  a somewhat  higher  proportion,  is 
from  physiological  and  physical  reasons  pre- 
ferable to  salicylic  or  benzoic.  The  chief  formic 
acid  preservatives  used  in  commerce,  mainly 
for  fruit  preparations,  are  ‘ Werderol  ’ and 
‘ Fructol  ’ (10-14  p.c.  formic  acid,  ‘1-1^  p.c. 
of  the  liquid  to  be  added  ’)  ; and  ‘ Alacet  ’ 
(made  synthetically  from  CO  and  NaOH  at  the 
Nitritfabrik,  Kopenick,  about  50  to  60  p.c.  formic 
acid,  ‘ use  0-3  p.c.  of  the  liquid  ’).  The  result  in 
the  three  cases  would  be  about  0-14-0-18  p.c. 
of  the  acid.  In  an  investigation  of  these 
articles  by  Croner  and  Seligmann  (Zeitsch.  f. 
Hyg.  1907,  56,  387),  they  find  that  inhibition  of 
moulds,  yeasts,  and  acid-forming  organisms 


begins  at  0-15  p.c.  formic  acid,  that  sterilisation 
is  effected  in  24  hours  by  0*2  p.c.,  and  in  10  to 
30  minutes  by  1 p.c. 

Only  the  free  acid  is  active  against  organisms, 
although  the  salts  do  not  favour  the  growths  as 
do  the  alkaline  acetates.  Sodium  formate  helps 
the  solubility  of  many  antiseptics  without 
lessening  their  power,  therefore  figures  as  an 
adjunct  in  a number  of  patents. 

Acetic  acid  is  one  of  the  most  anciently  used 
of  preservatives  ; ‘ aromatic  vinegar,’  a more  or 
less  concentrated  acid  containing  essential  oils, 
had  a partially- justified  reputation  against  in- 
fection. The_  writers  find  that  B.  coli  is  killed 
by  5 p.c.  HA  in  5 minutes,  by  2*5  p.c.  in  15 
minutes,  while  with  0*5  and  0*1  p.c.  it  is  alive 
after  40  minutes.  Pyroligneous  acid,  or  crude 
wood  vinegar,  owes  its  antiseptic  power  chiefly 
to  the  presence  of  creosote  and  formaldehyde. 

Acetyl  peroxide  and  benzoyl- acetyl  peroxide 
are  stated  by  Freer  and  Novy  (Amer.  Chem.  J. 
1902,  27,  [3]  161)  to  be  strongly  germicidal, 
since  solutions  corresponding  to  0*037-0*074  p*. 
of  the  former,  or  0*056-0*112  p.c.  of  the  latter, 
=0*005-0*01  p.c.  of  active  oxygen,  destroyed 
within  a minute  all  known  disease-producing 
bacteria,  and  even  spores  of  B.  mesentericus, 
which  are  not  killed  by  5 p.c.  phenol ; whilst 
H2O2  solution  containing  0*05  p.c.  of  active  O 
was  without  action  on  many  bacteria  even  in 
60  minutes.  Benzoyl  peroxide  had  no  oxidising 
action,  and  was  without  effect  on  bacteria.  A 
solution  of  acetyl  peroxide  was  introduced  under 
the  name  ‘ acetozone,’  but  the  title  is  now 
applied  to  a more  convenient  and  stable  mixture 
of  the  benzoyl-acetyl  compound  with  infusorial 
earth,  said  to  be  useful  in  typhoid,  dysentery, 
and  cholera  (Lancet,  1904,  ii.  1160  ; Brit.  Med. 
J.  1907,  i.  634). 

Propionic  acid  has  been  tested  comparatively 
by  Duggan  (Amer.  Chem.  J.  7,  62)  with  the 
highly  resistant  B.  subtilis.  He  gives]  as  the 
strengths  necessary  for  killing  : formic  acid, 
7 p.c.  ; acetic  acid,  9 p.c.  ; propionic  acid, 
12  p.c.  (numbers  proportional  to  the  molecular 
weights).  According  to  A.  C.  Jordan  (Prac- 
titioner, Sept.  1902,  297),  0*1  p.c.  of  butyric  acid 
in  broth  tubes  infected  with  vigorous  B.  coli  or 
typhosus  caused  them  to  remain  sterile ; 8. 

pyog.  aureus  required  0 2 p.c.  Valeric  acid  is  a 
feeble  antiseptic,  but  has  been  introduced  along 
with  a little  creosote,  as  an  internal  antiseptic 
called  ‘ geosote.’ 

Oleic  acid,  the  fats,  ‘ Lanolin,’  &c.,  have 
but  slight  antiseptic  power  in  themselves,  but 
when  applied  to  the  skin  may  prevent  infection 
by  the  exclusion  of  germs.  Reichenbach 
(Zeitsch.  f.  Hyg.  u.  Infect.  1908,  59,  296)  showed 
that  the  alkali  salts  of  the  palmitates  had  the 
strongest  bactericidal  action  of  the  soaps 
investigated.  The  potassium  salts  of  the 
saturated  fatty  acids  are  comparatively  strong 
bactericides,  but  those  of  the  unsaturated  acids, 
with  the  exception  of  elaidic,  are  not.  Vicario, 
however,  observed  that  the  fatty  matters  some- 
times already  contain  germs,  and  Baidas 
(Giorn.  R.  S.  Ital.  d’  Igiene,  Feb.  1901)  proved 
that  B.  coli  and  typhosus,  8.  pyog.  aureus  and 
albus,  retained  their  virulence  in  oils  for  2 
months  ; therefore  ointment  bases  require  to 
be  sterilised  by  heating  to  100°,  or  preferably 
to  120°,  as  various  bacilli  survive  in  oil  far 
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longer  than  in  aqueous  solution.  In  fatty 
media  antiseptics  and  disinfectants,  as  a rule, 
are  much  less  active  than  in  water,  hence  the 
ineffectiveness  of  carbolised  oil  as  shown  by 
Koch  and  Breslauer.  Lanoline  and  cold  cream 
contain  water,  so  can  enable  agents  in  aqueous 
solution  to  come  in  contact  with  micro-organisms 
Some  metallic  oleates  are  parasiticide  : cupric 
oleate  in  ringworm  and  favus  (Lancet,  1907,  i. 
510) ; mercuric  oleate  for  pediculi ; zinc  oleate 
is  said  to  cure  chronic  eczema. 

Vegetable  acids  have  the  general  power  of 
inhibiting  bacteria  which  prefer  a neutral  to  an 
acid  medium,  but  their  effect  is  much  less  than 
that  of  mineral  acids,  and  their  solutions  quickly 
become  mouldy  in  warm  weather.  Citric  acid 
was  formerly  recommended  for  sterilising 
water : Dr.  Christmas  in  1892  stated  that 
cholera  organisms  were  killed  by  0’08  p.c.  and 
typhoid  by  O'lO  p.c.  Kitasato’s  figures  for 
tartaric,  citric,  and  malic  acids  added  to  neutral 
media  containing  typhosus  are  in  p.c.’s  : growth, 
0‘338  ; growth  restrained,  0‘384  ; no  growth, 
0‘476.  Succinic  acid  is  slightly  antiseptic. 

‘ Alphogen  ’ or  ‘ Alphozone,’  succinyl  peroxide, 
is  said  to  be  a powerful  germicide  (Lancet,  1905, 
i.  367). 

Aromatic  acids. — The  introduction  of  — COOH 
groups  or  aliphatic  acid  radicals  into  the  benzene 
ring  yields  acids  of  relatively  low  antiseptic 
power,  increasing  with  the  molecular  weight  of 
the  entering  acid. 

Benzoic  acid  is  strongly  antiseptic  in  solution 
and  vapour,  and  to  a rather  less  degree  in  its 
soluble  salts.  It  dissolves  in  about  40^0  parts  of 
cold  water,  and  the  saturated  solution  kills  B. 
typhosus  in  a few  minutes.  When  molecular 
proportions,  i.c.  sodium  benzoate  0‘026  p.c., 
potassium  benzoate  0‘029  p.c.,  benzoic  acid 
0*022  p.c.,  are  separately  mixed  with  milk,  the 
writer  observes  that  all  retard  the  souring,  the 
acid  more  than  its  salts,  but  the  effect  comes  to 
an  end  sooner  than  with  inorganic  salts  like  the 
fluorides,  since  benzoic  acid  is  itself  decomposed 
by  some  organisms  (Analyst,  1907,  32).  Not 
being  poisonous,  it  has  been  much  used  as  a 
food  preservative,  particularly  in  countries 
where  salicylic  acid  was  forbidden.  Following 
a report  of  the  Referee  Board  of  the  U.S.  Board 
of  Agric.  that  doses  of  benzoates  under-  0*5 
gram  per  day  were  not  injurious  to  health,  and 
that  even  4 grams  per  day  did  not  act  as  a 
poison,  the  U.S.  Board,  in  Pamphlet  104,  1909, 
have  announced  that  they  will  make  no  objec- 
tion to  the  use  of  sodium  benzoate  in  food, 
provided  it  is  plainly  labelled  on  each  package, 
both  as  to  presence  and  quantity.  The  taste 
and  odour  are  difficult  to  mask.  It  has  long 
been  used  as  an  antiseptic  in  surgery,  c.g.  in 
‘ Friar’s  Balsam  ’ (tinct.  benzoini  co).  Benzoic 
aldehyde  is  official  in  the  U.S.  Pharmacopoeia, 
and  in  the  form  of  commercial  oil  of  bitter 
almonds  owes  its  parasiticide  power  in  oint- 
ments mainly  to  the  hydrocyanic  acid  it  con- 
tains, which,  of  course,  necessitates  care  in 
use.  Benzoyl-sulphonic-imide,  ‘ Saccharin  ’ or 
‘ Gluside,’  has  some  preservative  power,  and 
has  been  given  internally  to  stop  decomposition 
of  urine  in  cystitis,  but  its  use  for  sweetening 
is  less  on  account  of  this  power  than  because  it 
is  itself  unfermentable. 

Salicylic  acid. — The  saturated  aqueous  solu- 


tion contains  1 in  500  : tested  with  typhosus, 
pyog.,  aureus,  and  anthrax,  Westcott  found  that  . 
in  3 hours  only  the  former  was  killed.  As  a 
food  preservative,  it  is  about  equal  to  benzoic, 
their  relative  activities  varying  under  different 
circumstances.  Its  physiological  effect  is  more 
distinct  than  that  of  boric  or  formic  acid  or 
formaldehyde  in  the  small  quantities  required, 
but  there  is  no  clear  evidence  that  it  causes 
injury  to  adults  if  the  amount  is  limited.  The 
British  Depart.  Committee’s  suggested  restric- 
tion is  that  it  ‘ be  not  used  in  a greater  proportion 
than  1 grain  per  pint  in  liquid  food  and  1 grain 
per  lb.  in  solid  food,’  or  0*0114  and  0*014  p.c, 
respectively,  which  practically  would  amount  to 
a prohibition,  since  moulds  and  ferments  are 
only  reliably  inhibited  by  0*1  p.c.,  the  amount 
commonly  employed,  though  often  exceeded. 
Addition  of  the  acid  to  foods  is  forbidden  in 
France,  Austria,  and  some  other  countries. 
Traces  are  present  in  a large  number  of  fruits 
(Analyst,  1903,  149).  Dr.  Linsa  G.  Anderson 
used  extensively  a saline  gelatined  salicylic  acid 
paste  containing  2 p.c.  of  the  acid  as  a wound 
dressing  with  satisfactory  results.  Compounded 
with  an  equal  weight  of  boric  acid  it  is  also 
used  as  a first  dressing  under  the  name  of 
Borsuk  ‘ Salol  ’ is  phenyl  salicylate,  an  in- 
ternal antiseptic  which  is  decomposed  in  the 
duodenum  into  phenol  and  salicylic  acid. 
According  to  Lowenthal,  when  mixed  with 
pancreatic  juice,  it  rapidly  kills  Sp.  choleroe 
(Compt.  rend.  107,  1169).  ‘ Salophen,’  p- 

aminophenyl  acetyl  salicylate,  is  said  to  have  a 
rather  stronger  antiseptic  power  (Practitioner, 
March,  1907).  A large  number  of  derivatives 
of  salicylic  acid  have  been  introduced,  and  many 
of  them  patented. 

Cinnamic  acid,  at  2 p.c.,  prevents  the  growth 
of  bacteria,  and  at  4 p.c.  destroys  them.  It  is 
contained  in  Peru  and  storax  balsams,  which 
are  parasiticide  in  skin  diseases.  Fr.  Pat. 
371091  preserves  butter  by  enclosing  it  in  a 
wrapper  impregnated  with  cinnamic  acid,  which 
‘ prevents  butyric  fermentation.’  Acetyl-o-cou- 
maric  acid,  ‘ Tylmarin,’  is  another  internal  anti- 
septic, said  to  have  a R.W.  coefficient  of  4*5. 
The  use  of  halogen  substituted  hydrosic  acids, 
especially  6-chlor-3-hydroxy-p-toluic  acid,  has 
been  suggested  for  disinfectant  purposes  (J. 
Soc.  Chem.  Ind.  1914,  33,  807). 

Tannin  is  antiseptic  to  proteids  through  its 
property  of  forming  with  them  insoluble  com- 
pounds such  as  leather,  but  none  of  the  tannin 
extracts  have  even  the  power  to  preserve  their 
own  solutions. 

Phenols  and  phenoloids.  The  introduction 
of  aliphatic  side  chains  into  the  nucleus  of  phenol 
raises  the  germicidal  activity ; the  o-  and  p- 
positions  for  the  entering  groups  have  a greater 
influence  than  the  m.  Morgan  and  Cooper 
found  the  following  C.A.  coefficients  for  three 
cresols,  o=2*l,  p=2*4,  m=2*0.  Whilst  tri- 
methol  trimethyl  methoxy  phenol  is  said  to 
have  a R.W.  coefficient  of  40  when  properly 
emulsified. 

For  general  purposes  of  disinfection,  ‘ coal- 
tar  ’ fluids,  having  as  their  chief  active  con- 
stituents bodies  allied  to  phenols,  are  most 
extensively  employed.  They  are  usually  dark 
syrupy  liquids  smelling  of  coal  tar,  and  may  be 
roughly  ffivided  into  two  classes : (1)  those 
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which  on  the  addition  of  water  form  a more  or 
less  clear  dilution  ; and  (2)  preparations  miscible 
with  water  but  producing  an  emulsion.  The 
former  usually  consist  of  saponified  tar-acids  : 
the  liquor  cresoli  saponatus,  Ph.  G.,  consisting  of 
equal  parts  of  potash  soap  and  crude  cresol 
heated  together,  is  of  this  nature.  In  the 
manufacture  of  these  fluids,  potash  soap, 
glycerol,  alcohol,  and  other  agents  are  employed 
to  aid  the  solubility  in  water.  With  the  second 
group,  the  mostly  insoluble,  active  ingredients 
are  emulsified  by  the  aid  of  soda,  soaps,  resin, 
neutral  oils,  or  gelatin. 

Polyhydric  phenols  and  naphthols.  The 
antiseptic  powers  of  the  di-  and  trihydroxy- 
benzenes  are  less  than  those  of  phenol. 

* Resorcinol,  w-dihydroxybenzene,  is  a power- 
ful medicinal  antiseptic,  and  a 1 p.c.  solution 
kills  most  organisms.  ‘ Andeer’s  lotion  ’ con- 
tains 40  grains  in  1 oz.  water.  ‘ Anusol  ’ is  a 
bismuth  iodo-resorcin  sulphonate.  Quinol  or 
hydroquinone,  p-dihydroxybenzene,  is  said  to 
be  a stronger  antiseptic  than  the  last,  and  has 
been  suggested  for  typhoid  in  doses  of  3 to  8 
grains.  The  ortho-  compound,  catechol  or 
pyrocatechin,  is  also  antiseptic.  Duggan  finds 
(Amer.  Chem.  J.  7,  62)  that  the  amounts  of  the 
three  isomerides  required  for  preventing  develop- 
ment of  B.  subtilis  in  broth  are  : ortho-  20,  meta- 
25,  para-  30  ; phenol  being  20  and  pyrogallol  15. 

Morgan  and  Cooper  (8th  Int.  Cong.  App. 
Chem.  1912,  viii.  cl.)  give  the  following  figures 
for  the  carbolic  acid  coefficients  : ortho- =0'48, 
meta-=0’29,  para- = Id. 

Pyrogallol,  tri-hydroxybenzene,  is  antiseptic, 
and  a 3 p.c.  solution  kills  most  bacteria,  particu- 
larly aerobes,  but  it  stains,  is  unstable,  and  very 
poisonous. 

Guaiacol  (methyl-catechol)  and  creosol 
(methyl-guaiacol)  are  the  active  ingredients  in 
wood  creosotes,  and  have  been  widely  useful  as 
antiseptics  and  parasiticides,  especially  in 
tuberculosis.  Guaiacol  has  an  antiseptic  power 
(but  not  bactericidal — see  Table)  2^  times  that 
of  phenol,  and  a ^ to  1 p.c.  solution  destroys 
B.  tuberculosis  in  2 hours  (Marfori,  Ann.  di 
Chim.  12,  3).  A one  in  150  solution  of  (Morson’s) 
creosote  kills  pyog. '‘aureus  and  typhosus  in  3 hours 
(Westcott).  ‘ Little’s  Soluble  Phenyle  ’ con- 
tains wood  creosote,  and  Corfield’s  experiments 
give  it  a high  value  for  wounds  and  against 
vermin.  Kenwood  and  'Hewlett  (J.  R.  San. 
Inst.  1906,  13)  make  its  R.W.  coefficient  P2. 

Beta-naphthol  is  official  in  the  British  (1898) 
and  in  a number  of  other  Pharmacopoeias,  the 
dose  in  the  former  being  3 to  10  grains  in  a caehet 
for  internal  antisepsis,  especially  in  typhoid  and 
in  cholera  as  a preventative.  Its  solubility  in 
water  is  increased  by  boric  acid.  Schneider 
observes  that  naphthols  dissolved  in  alkaline 
earbonates  have  greater  disinfectant  power  than 
alkaline  naphtholates  ; the  former  solutions 
contain  naphthol  in  the  free  state.  He  states 
that  staphylococci  and  typhoid  are  killed  in  a 
short  time  by  0'5  to  PO  p.c.  of  ;8-naphthol 
alkaline  carbonate  solution  (Zeitsch.  Hyg.  1906, 
52,  534). 

Ointments  containing  10  to  15  p.c.  are 
efficient  in  scabies  and  psoriasis.  ‘ Betol,’ 
i8-naphthol  salicylate,  is  less  soluble  than  naph- 
thol, and  is  now  seldom  used.  ‘ Alphol  ’ is  its 
analogue  from  a-naphthol,  and  is  very  similar. 


A number  of  easily  soluble  compounds  have 
been  introduced,  such  as  the  )8- naphthol  sul- 
phonates,  ‘ Asaprol  ’ or  ‘ Abrastol  ’ (calcium),  and 
‘ Alumnol  ’ (aluminium).  Helbing  states  that 
an  aqueous  solution  of  the  latter,  1 in  250, 
prevents  all  growth  of  gonococci,  pus  cocci,  and 
allied  bacteria.  Bechold  (Zeitsch.  angew.  Chem. 
1909,  xxii.  2033)  finds  the  odourless  and  non- 
poisonous  halogen-substituted  naphthols  more 
powerful  than  any  disinfectant  except  HgClg, 
and  that  tribromonaphthol  kills  staphylococci 
in  dilutions  of  1 in  250,000. 

Dihydroxynaphthalene.  The  2 '3-  substituted 
compound  has  a relatively  high  germicidal 
activity,  with  a C.A.  coefficient  of  4’4.  The 
2*7-  derivative  has  a coefficient  of  2 '8. 

Amidobenzene  derivatives.  The  introduc- 
tion of  — NHg  groups  into  the  ring  produces 
substitutes  of  low  germicidal  activity. 

Aniline  is  open  to  the  same  objection  as  the 
nitro-  derivatives  ; it  has  a carbolic  acid  coeffi- 
cient of  0'57,  whilst  o-toluidine,  the  next  homo- 
logue,  has  a coefficient  of  LOO,  and  w^-toluidine 
one  of  1 *30. 

The  dyestuffs.  A number  of  aniline  dyes  are 
germicidal,  owing  to  their  power  of  penetrating 
and  combining  with  living  tissue.  This  action 
is  very  variable,  but  it  is  stated  that  1 p.c. 
prevents  development  of  organisms,  whilst  1 in 
500  to  4000  retards  their  growth. 

The  investigation  of  the  parasiticidal  powers 
of  the  dyestuffs  was  conducted  by  Ehrlich  and 
his  pupils  in  their  search  for  compounds  con- 
taining strongly  developed  parasitotropic  group- 
ings, but  only  with  feeble  organotropic  groupings. 
It  was  found  that  tetrazo  colours  derived  from 
naphthalene-3  ffi-disulphonic  acid,  basic  dyes  of 
the  triphenylmethane  series,  and  certain  azo- 
colours were  equally  effective.  Symmetrical 
colours  were  found  to  be  less  organotropic  than 
unsymmetrical  ones. 

Methyl  violet  or  ‘ pyoktanin,’  gentian 
violet,  certain  auramines,  safranine,  methylene 
and  toluidine  blue  have  been  used  in  surgery 
and  in  malaria.  Malachite  green,  injected  into 
the  blood,  kills  trypanosoma  in  48  hours  (Birt. 
Med.  J.  1904,  ii.  1449,  1645 ; Deutsche  Med. 
Woch.  Leipzig,  1906,  21,  463).  Methylene  blue, 
with  atropine  and  benzoic  acid,  according  to 
Lelean  (Lancet,  May  3,  1902),  was  the  only  drug 
he  found  of  use  against  Bilharzia. 

Derivatives  of  acridine,  especially  acriflavine- 
3 '6-diamino- 10-methyl  acridinium  sulphate  and 
proflavine-3'6-diamino  acridine  sulphate,  have 
been  shown  to  be  somewhat  superior  to  malachite 
green  when  used  for  wound  dressing.  Originally 
prepared  for  Ehrlich,  their  selective  action  on 
bacteria  was  first  tested  at  the  Middlesex 
Hospital,  London.  For  wound  dressing,  the 
derivatives  are  made  up  as  soaps,  gelatine,  or 
starch  mucilages. 

Linked  benzene  derivatives.  Both  the  chemi- 
cal constitutions  and  the  germicidal  activities 
of  the  higher  boiling  tar  acid  fractions  are  as  yet 
unknown.  The  direct  linkage  of  two  phenoloid 
groupings  or  linkage  through  =CH2,  =CHOH, 
=CHOX  where  X is  an  aliphatic  group,  in 
some  cases  elevates  the  germicidal  powers. 
Linkage  through  =CO  or  =863  groupings  is 
said  to  depress  the  coefficient. 

Aromatic  nitro-  and  halogen  substituted  com- 
pounds, such  as  nitro-benzene,  have  often  been 
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proposed  as  disinfectants,  but  are  precluded 
by  their  odours,  poisonous  action,  and  sparing 
solubility.  Trinitrophenol,  ‘ picric  acid,’  is 
rapidly  fatal  in  saturated  solution  (about  1 p.c.) 
to  bacteria  and  spores,  but  causes  yellow 
stains,  is  irritant  and  very  poisonous.  Cotton 
wool,  soaked  in  the  solution,  is  used  very  success- 
fully in  the  aseptic  treatment  of  burns  ; hence 
it  is  recommended  by  H.M.  Inspector  of  Explo- 
sives to  keep  handy  for  this  purpose.  The  R.W. 
coefficient  is  about  6.  Potassium  dinitro-ortho- 
cresol,  ‘ Antinonnin,’  1 in  400,  is  destructive  to 
all  common  injurious  parasites,  and  does  not 
injure  plants. 

Trichlorphenol  has  been  used  at  Petrograd 
as  a disinfectant.  It  is  said  to  be  25  times 
stronger  than  carbolic  acid. 

Hydrocarbons. — Petroleum,  mainly  consisting 
of  hydrocarbons  of  the  paraffin  series,  has  long 
been  a well-known  insecticide,  and  is  mentioned 
by  Marco  Polo  in  the  13th  century  as  used  to 
kill  acari  in  mange. 

For  protecting  burns  and  wounds  from 
exposure,  various  substitutes  for  ‘ ambrine,’ 
consisting  essentially  of  paraffin  wax  or  asphalt 
with  a fatty  oil  have  been  suggested  (B.M.J. 
1917,  789). 

A.  J.  Hull  introduces  into  these  burn  dress- 
ings ‘ scarlet  red,’  ‘ brilliant  green,’  ‘ flavine,’ 
and  dichloramine-T  on  account  of  their  antiseptic 
action. 

Naphthalene  is  feebly  antiseptic,  but  is  not 
a disinfectant.  It  is  useful  by  its  odour  to  drive 
away  domestic  insects. 

It  has  been  stated  that  articles  are  disin- 
fected by  dry-cleaning  with  petroleum -benzine, 
or  by  benzene.  Farrel  and  Howies  (J.  Soc. 
Dyers,  1908,  24,  109,  166),  however,  find  that 
acting  on  infected  threads  for  6J  hours,  neither 
benzene  (CgHg)  nor  petroleum-benzine  killed 
typhosus,  whereas  carbon  tetrachloride  killed 
it  in  30  minutes,  whilst  ‘ benzine  soap,’  dissolved 
in  benzine,  has  no  germicidal  power. 

Ether  is  used  for  sterilising  catgut. 

Essential  oils  and  camphors.  Perfumes, 
chiefly  composed  of  terpenes  and  their  oxidised 
products  {e.g.  the  camphors,  menthol,  thymol, 
and  eucalyptol),  have  a limited  sanitary  value. 
All  of  them  are  very  sparingly  soluble  in  water, 
but  impart  to  it  a more  or  less  antiseptic  effect. 
Early  estimates  of  their  power  have  not  been 
concordant,  chiefly  owing  to  their  having  been 
tried  variously  in  aqueous  or  alcoholic  solution, 
or  in  suspension.  A saturated  solution  of 
thymol  in  water  (0’3  p.c.)  arrests  fermentation 
and  putrefaction.  Peppermint  (containing  men- 
thol and  menthane)  has  had  a high  reputation, 
and  a number  of  recipes  for  ‘ plague  water,’ 
have  it  as  a basis.  The  use  of  hops  in  brewing 
partly  rests  on  the  power  of  the  essential  oil  to 
check  fermentation.  ‘ Terebene,’  made  by  the 
action  of  H-^SO^  on  terpentine,  was  once  reputed 
as  a disinfectant,  but  now  hardly  figures  except 
as  terebene  soap.  Among  other  artificial  pro- 
ducts from  turpentine  are  terpin  hydrate  (said  by 
Colpi  to  arrest  the  growth  of  tubercle  bacilli 
in  0-25  p.c.  strength),  and  terpineol  (anthrax  is 
stated  to  be  killed  by  1 p.c.,  and  staphylococci 
b}'^  10  p.c.  in  60  minutes  : (H.  Marx,  v.  infra ; 
also  D.  R.  P.  207576,  1906)). 

Camphor  is  much  spoken  of  as  a personal 
prophylactic,  but  there  cannot  be  sufficient  of 


the  vapour  to  sterilise  the  air.  It  is  an  in- 
gredient in  many  remedies  for  cholera  and 
diarrhoea,  and  in  several  ‘ block  disinfectants  ’ 
such  as  ‘ Sanoscent,’  ‘ Camphortar,  &c.  Euca- 
lyptus globulus  and  other  species  which  have 
long  been  famous  as  antimalarial,  are  largely 
planted  on  the  Continent  in  marshy  districts. 
The  essential  oil  is  decidedly  germicidal,  having 
a carbolic  acid  coefficient  of  P2,  and  has  been 
given  with  some  success  in  typhoid,  and  also 
against  tape-  and  threadv/orm. 

Pinol  is  a liquid  of  similar  character  from 
Pinus  pumilo.  H.  Marx  has  investigated  the 
action  of  various  perfumes  on  anthrax  and  S. 
pyog.  aureus  (Centr.  Bakt.  1903,  [1]  33,  74). 
Robert  (Chem.  Zentr.  1907,  i.  419)  finds  that  the 
terpenes  have,  by  themselves,  in  general  only  a 
weak  antiseptic  action.  The  proportions  needed 
for  sterilising  exceed  the  solubility  in  water,  and 
can  only  be  reached  by  a spirituous  solution  or 
an  emulsion. 

But  it  has  been  recognised,  since  Schonbein 
pointed  out  the  fact  about  1840,  that  essential 
oils  have  a disinfectant  power  conferred  on  them 
by  their  slow  oxidation  in  the  presence  of  air 
and  moisture,  whereby  ozone  is  produced  ; that 
as  long  as  air  and  oil  are  present,  the  ozone  is 
continually  regenerated  and  absorbed,  forming 
oxidising  and  antiseptic  products,  which  dissolve 
in  the  water,  along  with  peroxide  of  hydrogen. 
This  was  the  principle  of  the  ^ Sanitas  ’ patent 
274,  1876. 

Pyridine,  quinoline,  and  related  bodies. 

Pyridine  is  volatile,  mixes  freely  with  water, 
and  is  strongly  insecticide,  but  has  a very  un- 
pleasant odour,  which  has  militated  against  its 
use  in  horticulture.  Tobacco  smoke,  indeed, 
owes  its  powers,  not  to  nicotine,  which  is  almost 
entirely  decomposed  by  the  heat,  but  to  the 
p’^oducts  pyridine  and  its  homologues,  which 
are  formed.  Tessinari  destroyed  the  bacilli  of 
cholera  and  pneumonia  by  tobacco  smoke 
passed  for  10  to  30  minutes  through  a tube  con- 
taining infected  nutrient  gelatin.  Wynter 
Blyth  killed  the  bacillus  of  nasal  catarrh  by 
1 p.c.  solution  of  pyridine  and  its  homologues 
(from  bone  oil),  or  by  tobacco  smoke.  There  is 
proof  that  smokers  and  workers  in  tobacco  enjoy 
comparative  immunity  from  epidemics,  but 
pyridine  inhalations  {e.g.  in  asthma  and  whooping 
cough)  require  care,  as  it  is  a cardiac  depressant. 
The  above  experiments  confirm  the  general 
view  that  disinfectant  preparations  containing 
the  basic  constituents  of  coal  tar  are  to  be  pre- 
ferred to  those  which  only  include  the  phenols. 

Tobacco  juice,  of  course,  contains  nicotine, 
and  in  France  is  sold  as  an  insecticide  under  an 
official  guarantee  as  to  its  nicotine  strength. 
In  England,  a solution  of  the  pure  base  in  water 
is  sometimes  used  as  more  definite.  Richard’s 
cakes  for  fumigation  are  nicotine  and  camphor : 
the  writer  found  a sample  in  1909  to  contain 
1'17  p.c.  of  nicotine  and  to  be  completely  volatile 
at  a gentle  heat. 

Chinosol  is  potassium  - oxyquinoline  - sul  - 
phonate  CgHgNO’OSOgK,  a yellow  powder 
easily  soluble  in  water  to  an  acid  yellow  solu- 
tion, which  does  not  stain,  has  only  a slight 
aromatic  odour,  is  permanent  on  keeping,  is  not 
poisonous,  and  does  not  coagulate  albumen.  It 
has  been  patented  as  a disinfectant,  and  more 
especially  as  an  antiseptic.  Klein  compared  its 
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action  on  S.  pyog.  aureus,  B.  coli  and  anthracis 
with  that  of  carbolic  acid,  and  reports  that  a 
solution  of  the  latter  of  1 in  20  strength  is  re- 
quired to  kill  aureus  or  coli  in  5 minutes  with 
certainty,  whereas  chinos  ol  does  this  in  a 
strength  of  1 in  150.  Anthrax  spores  are  not 
appreciably  affected  in  48  hours  by  5 to  6 p.c. 
carbolic,  whereas  chinosol  of  1 p.c.  acts  germici- 
dally  on  them  in  5 minutes.  In  the  writer’s 
laboratory,  B.  coli  was  not  sensibly  affected  after 
4 hours  by  1 in  1000  chinosol,  whilst  1 in  2000  of 
HgCh  produced  sterility  under  the  same  con- 
ditions in  15  minutes,  so  that  it  is  difficult  to 
explain  the  much  higher  powers  that  some 
observers  have  found  for  chinosol.  Thresh  and 
Sowden  state  that  chinosol  spray  of  not  less 
than  1 p.c.,  is  a reliable  disinfectant  (J.  San. 
Inst.  Jan.  1903).  Houston  did  not  succeed  in 
killing  B.  coli  in  excreta  by  1 in  75,  and  on  linen 
by  1 in  62  (Practitioner,  1902,  331).  On  account 
of  its  acidity,  it  acts  on  iron  and  steel.  Alkaline 
solutions  interfere  with  its  power  : the  writer 
showed  that  a soap  containing  5 p.c.  of  chinosol 
was  inferior  to  a 0’5  mercuric  iodide  soap. 
F.  G.  Muller  reports  encouraging  results  with 
chinosol  in  leprosy  (Zeitsch.  Oest.  Apoth.  Ver. 
XXXV.  858).  ‘ Cresochin  ’ (Pharm.  Centralhalle, 

xxxvii.  247)  is  said  to  be  a neutral  sulphonate  of 
quinoline  and  tricresol,  which  is  recommended 
for  disinfecting  instruments,  as'  it  does  not 
darken  the  steel. 

IcTilhyol. — Various  derivatives  from  sul- 
hurated  tars  and  fossilised  fish  or  petroleums 
ave  been  suggested  for  mild  disinfection  and 
the  treatment  of  skin  diseases.  Ichthyol 
ammonium  ichthyol  sulphurated  has  been  com- 
pounded with  various  substances,  such  as 
albumen,  formaldehyde,  and  metals,  such  as 
silver  and  mercury,  under  a variety  of  names. 

Quinine,  which  has  a quinoline  nucleus, 
probably  owes  its  action  against  fevers  as  much 
to  its  antiseptic  power  as  to  its  effect  on  the 
nervous  system. 

A.  Raal  (Pharm.  Zeit.  1900,  xlv.  569)  asserts 
that  strongly  fluorescent  bodies  much  increase 
the  action  of  sunlight  on  organisms,  whilst  they 
are  almost  inert  in  the  dark.  A 1 in  20,000 
solution  of  acridine  killed  infusoria  exposed  to 
sunshine  in  6 minutes  ; in  the  dark  they  sur- 
vived for  24  hours.  Similar  results  were  noted 
with  quinine  sulphate  and  with  eosin.  The 
inference  is  that  the  effect  is  caused  by  the 
fluorescent  rays.  Fluorescein  has  been  patented 
as  an  antiseptic  by  Turpin,  chiefly  for  toilet 
preparations  (Fr.  Pat.  346363,  1904).  The 
bromofluoresceins,  particularly  eosin,  are  found 
to  have  greater  power.  He  claims  a large 
number  of  other  phthalein  compounds  as  dis- 
infectants. 

Certain  faults'  of  many  antiseptics  and  dis- 
infectants in  the  free  state  have  led  to  an 
immense  number  of  attempts  to  iijiprove  them 
by  converting  them  into  various  derivatives. 
Although  the  effort  to  produce  new  proprietary 
substances,  has  given  rise  to  a multitude  of  often 
misleading  titles,  many  of  these  preparations  have 
been  proved  to  have  utility.  The  modifications 
may  be  generally  classified  as  follows  ; — 

1 .  Metallic  salts. — Compounds  with  the  alkalis 
or  earths  are  generally  less  active  than  the  free 
substance.  Other  metals  have  been  introduced, 
with  the  object  of  adding  their  special  properties, 


as  A1  for  astringency,  Zn,  Cu,  Ag,  and  Hg  for 
developing  germicidal  effect ; but  it  must  be 
remembered  that  a combination  of  this  kind, 
though  it  may  have  some  lateral  advantages,  is 
commonly  weaker  than  either  agent  singly. 
The  same  remark  applies  to  the  two  next 
groups. 

2.  Substituted  compounds. — Those  with  iodine 
are  exceedingly  numerous,  including  a large 
number  which  have  been  improvements  on 
iodoform  when  it  was  unduly  valued.  Where 
organic  radicals  (basic  like  methyl  or  ethyl,  acid 
like  acetyl  or  benzoyl)  are  introduced,  the 
physiological  properties  are  usually  entirely 
altered. 

3.  Esters,  -sulphonic,  and  other  colligated 
compounds  which,  while  less  poisonous  or 
irritant  than  the  parent  bodies,  slowly  yield  the ' 
latter  by  gradual  decomposition.  Several  of 
these  have  proved  of  great  value. 

As  already  indicated,  the  proprietary 
articles  of  this  nature  bearing  fancy  names  are 
very  numerous.  Since  the  Privy  Council  Orders 
of  1900  and  1902,  the  uncontrolled  sale  of  hquids 
containing  upwards  of  3 p.c.  carbolic  acid  or  its 
homologues  is  prohibited,  and  the  germicidal 
value  of  the  more  insoluble  and  higher  boiling- 
point  tar  acids  has  been  recognised.  The 
generality  of  commercial  disinfectant  fluids  are 
now  practically  free  from  carbolic  acid,  and,  in 
comparison  with  the  latter,  are  non-poisonous. 
These  disinfectant  preparations  should  not  be 
employed  to  destroy  resistant  spores  without 
prolonged  exposure ; according  to  the  nature 
and  amounts  of  active  ingredients  present,  they 
are  usually  germicidal  with  non-sporulating 
organisms  in  dilutions  far  greater  than  is  the 
case  with  absolute  phenol.  However,  the 
strength  of  these  proprietary  articles  varies 
considerably,  and  beyond  the  requirements  of 
germicidal  value  specified  in  contracts  with 
various  authorities,  there  is  at  present,  un- 
fortunately, no  legal  control  over  the  efficiency  of 
disinfectants  as  sold  to  the  public.  There  are 
instances  of  so-called  disinfectants  which  en- 
joyed great  popularity  and  even  were  advocated 
by  the  medical  profession,  yet  possessed  little 
or  no  germ-killing  power  under  the  conditions 
in  which  they  would  be  employed. 

Since  the  adoption  of  the  R.W.  test,  there 
has  been  a steady  rise  in  the  efficiency  of  com- 
mercial disinfectants. 

The  Mechanism  of  Disinfection. — Kronig  and 
Paul,  in  1897,  first  drew  attention  to  the  rela- 
tionship between  germicidal  action  and  the 
ionic  concentration  of  certain  germicidal  ions 
such  as  mercurion,  argention,  hydrion,  and 
formulated  the  rule  that  the  germicidal  activity 
of  a solution  was  proportional  to  the  ionic 
concentration  of  the  germicidal  ions.  More 
recent  work,  such  as  that  of  Kitasato,  Horrocks, 
and  Winslow,  on  the  common  acids,  and  more 
especially  the  development  of  the  organo- 
metallic  group  of  disinfectants,  indicated  that 
this  generalisation  was  by  no  means  correct. 
Ehrlich  and  his  pupils  attributed  to  disinfectants 
the  possession  of  at  least  two  specific  properties, 
the  presence  of  an  organotropic  and  a parasi- 
totropic grouping  indicating  the  ‘ affinity  ’ of 
the  germicide  to  living  tissue  and  the  parasite 
or  bacterium  respectively. 

Neither  of  these  theories  will,  serve  to 
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explain  the  phenomena  observed  in  disinfecting 
with  ionised  and  unionised  solutions,  with 
emulsions  and  other  colloids.  Bacterial  sus- 
pensions must  be  regarded  as  suspensoids 
coated  by,  or  containing,  an  emulsoid,  and  are 
to  be  classed  as  definite  colloidal  systems. 

The  reactions  between  agglutin  and  the 
bacteria,  similar  to  the  reactions  between  toxins 
and  antitoxins,  resemble  in  many  respects 
either  the  combination  of  a very  weak  acid  and 
a weak  base,  a view  advanced  and  supported 
by  Arrhenius  ('  Immunochemie  ’),  or  the  usual 
absorption  phenomena  observed  at  colloidal 
surfaces.  Although  experimental  evidence  (not- 
ably that  of  Marsden,  Nyman,  and  Chick, 
carried  out  at  the  Lister  Institute)  is  not  suffi- 
ciently accurate  to  distinguish  between  the  two, 
yet  the  other  general  characteristics  of  bacterial 
suspensions  lead  us  to  infer  that  absorption  is 
the  first  stage  of  disinfection.  We  can  thus 
distinguish  between  the  following  types  of 
action  : — 

(1)  Absorption  of  cations  (ionic  disinfectants) 
with  simultaneous  anion  absorption,  which  may 
affect  the  activity. 

(2)  Absorption  of  substances  in  solution,  e.g. 
phenol. 

(3)  Mutual  action  between  bacteria  and 
other  colloids,  such  as  emulsions  (tar  acids)  or 
suspensoids  (colloidal  metals).  The  next  stage, 
common  to  all,  is  penetration  and  chemical 
attack  by  the  absorbed  disinfectant.  It  is 
evident  that  the  germicidal  activity  of  a sub- 
stance after  absorption  is  determined  by  its 
penetrative  or  intradiffusive  powers  as  well  as 
its  chemical  reactivity  or  ‘ parasitotropic  ' 
properties.  The  enhanced  germicidal  powers 
of  the  chloramine  is  doubtless  due  to  their 
possession  of  a reactive  — NHg  group,  but  it  is 
by  no  means  clear  that  dyestuffs  are  germicidal 
on  account  of  their  possessing  certain  parasito- 
groupings  or  that  their  activity  is  not  due  to  a 
medium  diffusivity  accompanied  by  gradual 
decomposition  into  germicidal  constituents. 
It  appears  probable  that  more  light  will  be  shed 
on  this  somewhat  complex  subject  by  a close 
study  of  the  phenomena  of  absorption  and  the 
mechanism  of  intradiffusion  of  substances  in 
colloidal  material  rather  than  by  the  develop- 
ment of  the  concept  of  ionic  activity  or  postu- 
lation of  certain  parasitotropic  groupings  or 
valencies  endowed  with  exceptional  and  un- 
expected properties. 

Testing  of  Disinfectants. — Before  1881,  when 
Koch  introduced  the  use  of  pure  cultures,  tests 
depending  upon  the  prevention  of  putrefactive 
changes  in  various  organic  infusions  were  mainly 
employed,  and  to  a great  extent  the  antiseptic 
or  preservative  value  was  noted  rather  than  the 
actual  germ-killing  power  {see  first  edition  of  this 
dictionary).  Since  then,  an  increasingly  large 
number  of  investigators  have  worked  upon 
practical  methods  of  testing.  With  the  phenolic 
disinfectants,  valuations  were  made  upon  the 
total  amount  of  tar  acids  present,  but  the 
widely  differing  activity  of  these  bodies,  which 
is  also  modified  according  to  their  physical  con- 
dition on  dilution  (in  sohUion,  tricresol  has  only 
one-third  the  germicidal  value  of  that  in  emul- 
sion), has  led  to  the  general  adoption  of  bacterio- 
logical tests. 

In  the  thread  method  (Koch),  silk  threads 


are  impregnated  with  the  test  organism,  and 
exposed  for  a definite  ^time  to  the  action  of  the 
diluted  agent,  and  then,  after  the  removal  of 
adhering  disinfectant,  sub-cultures  are  inocu- 
lated from  the  threads  to  determine  the  survival 
or  death  of  the  organism  {v.  Lancet,  July  30, 
1900  ; and  J.  B.  San.  Inst.  1907,  xxviii.).  In 
place  of  threads,  small  garnets  can  be  employed 
(Kronig  and  Paul),  stones  of  uniform  size  being 
coated  from  cultures  of  the  organism,  and  added 
directly  to  the  disinfectant,  sterility  being 
determined  by  inoculating  sub-cultures  at 
intervals  (Zeitsch.  angew.  Chem.  1901,  xiv.  xv.). 
The  chief  points  to  be  considered  are  (1)  time  ; 
(2)  age  of  culture ; (3)  choice  of  medium, 

reaction  of  same  ; (4)  temperature  of  incubation 
and  (5)  of  disinfection ; (6)  variation  in  vital 
resistance  of  same  species  and  (7)  of  different 
species ; (8)  proportion  of  culture  to  disin- 

fectant. In  order  to  facilitate  the  comparison 
of  disinfectants,  Rideal  and  Walker  (J.  R.  San. 
Inst.  1903,  424)  suggested  their  carbolic  acid 
coefficient  method  as  the  basis  for  a standard 
process.  In  this  test,  which  has  been  extensively 
adopted  in  England  and  abroad,  the  efficiency 
of  the  disinfectant  is  expressed  in  multiples  of 
absolute  phenol  performing  the  same  work. 
It  is  briefly  as  follows  : add  5 drops  of  a 24 
hours’  blood-heat  culture  of  the  organism  in 
broth  to  5 c.c.  of  a particular  dilution  of  the 
disinfectant  in  sterile  distilled  water ; shake 
and  take  sub-cultures  with  a platinum  loop 
every  2J  minutes  up  to  15  minutes  ; incubate 
sub-cultures  aJ  37°  > for  48  hours.  Allowing 
30  seconds  for  each  operation,  four  different 
dilutions  of  the  disinfectant  with  one  carbolic 
control  are  tested  against  the  same  culture  and 
under  strictly  comparable  conditions.  For 
example  : 
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This  test  has  for  many  years  been  officially 
used  by  the  War  Office,  Admiralty,  India  Office 
and  other  Government  departments  at  home 
and  in  the  Colonies.  It  is  impossible  in  any 
one  test  to  include  the  greatly  varying  conditions 
of  practical  disinfection,  but  numerous  modifica- 
tions of  the  R.W.  coefficient  test  have  been 
suggested,  mainly  with  the  object  of  testing  in 
the  presence  of  considerable  quantities  of 
organic  matter.  Sterilised  sea-water,  urine, 
sewage,  starch,  and  gelatine  emulsions,  nutrient 
broth  and  milk,  have  been  incorporated  with  the 
diluting  water — also  testing  with  organisms  in 
their  natural  environment,  as  with  coli  in 
sewage,  in  place  of  pure  cultures.  A sedi- 
mentation test  for  emulsified  fluids  allows  a 
1 p.c.  solution  to  stand  24  hours  before  preparing 
final  dilutions  for  testing  (Lancet,  Sept.  19,  1908). 
The  ' Lister  test  ’ (C.  J.  Martin)  is  made  in  the 
presence  of  3 p.c.  of  faeces,  previously  sterilised, 
dried,  and  powdered.  Sims  Woodhead  and 
Ponder  ( J.  Path,  and  Bact.  1909,  148)  replace  the 
inoculating  loop  by  platinum  spoons,  used  with 
a special  sterilising  apparatus,  and  extend  the 
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time  to  30  minutes.  A mean  coefficient  is  taken 
for  two  values  obtained  at  the  beginning  and 
end  of  the  experiment  with  B.  coli  and  sub- 
culturing  into  McConkey’s  bile-salt  fluid.  The 
Lancet  (Nov.  1909)  has  suggested,  in  conjunction 
with  the  above  method,  a chemical  analysis  for 
the  valuation  of  emulsified  fluids  as  follows  : 
10  grams  of  disinfectant  with  100  c.c.  of  water 
and  15  grams  baryta,  are  heated  for  30  minutes 
at  100°  under  a reflux  condenser,  then  cooled 
and  decanted  through  asbestos,  washing  with 
warm  baryta  water  ; the  tar  acids  are  extracted 
with  ether  from  an  aliquot  portion  of  the 
filtrate,  after  adding  calcium  chloride  and 
acidifying  with  HCl,  dried  at  38°,  weighed,  and 
their  bromine  absorption  determined.  Neutral 
hydrocarbon  oils  are  extracted  from  the  baryta 
residue  with  acetone,  and  the  insoluble  soaps  and 
resins  treated  with  HCl  and  shaken  out  with 
ether.  For  estimation  of  water,  25  grams  of 
the  sample  are  acidified  with  10  c.c.  of  10  p.c. 
H2SO4  and  shaken  with  25  c.c.  of  white  petro- 
leum spirit,  taking  the  volume  less  10  c.c.  of  the 
aqueous  layer  after  standing.  In  presence  of 
the  higher  phenoloids,  the  weight  of  tar  acids 
obtained  is  too  low.  The  coefficients  obtained 
for  B.  coli  were  found  to  be  approximately  one- 
third  of  the  difference  between  the  percentage  of 
tar  acids  and  the  bromine  value. 

In  the  United  States,  the  National  Hygienic 
Laboratory  method  of  L.  Anderson  and  T.  B. 
McClintic  (1912)  is  now  widely  adopted.  The 
method,  which  follows  closely  the  R.W.  in 
technique,  differs  in  the  following  points  of 
detail  : The  standard  temperature  of  medication 
of  20°C.,  instead  of  18°C.,  is  adopted.  Od  c.c. 
of  broth  culture  is  added  to  5 c.c.  of  disinfectant 
solution  instead  of  5 drops.  The  coefficient  is 
determined  from  the  mean  of  the  following  two 
reactions  : — 

Weakest  strength  of  disinfectant  which  kills  in 

2|  minutes 

Weakest  strength  of  phenol  that  kills  in  the 

same  time 

and  the  similar  ratio  for  death  in  15  minutes. 

From  time  to  time  various  modifications 
have  been  introduced  in  which  solid  media 
such  as  nutrient  agar  have  been  substituted 
for  broth.  An  emulsion  of  an  agar  slope  culture 
of  an  organism  is  made  with  the  variqus  disin- 
fectant dilutions  and  phenol  controls,  whilst  the 
sub-culturing  is  either  performed  direct  into 
agar  slopes  or  spread  out  on  agar  plates,  thus 
permitting  counts  to  be  made.  Nutrient  agar 
made  up  with  fresh  meat  is  certainly  less 
inhibiting  than  standard  broth,  whilst  certain 
advantages  attend  the  use  of  plates,  giving 
approximate  data  as  to  the  number  of  organisms 
surviving  after  specified  periods  of  disinfection, 
as  against  the  ‘ end  point  ’ method  of  the  fluid 
media  tests.  These  advantages  are  nearly 
entirely  negatived  by  the  difficulty  of  obtaining 
a uniform  agar  streak  growth  emulsion  for 
medication,  and  the  extra  labour  involved  in 
plating  a number  of  tests. 

The  germicidal  power  expressed  in  terms  of 
carbolic  acid  with  B.  typhosus  is  shown  for  a 
number  of  disinfectant  substances  in  the  follow- 
ing table  ; while  most  of  the  figures  are  Rideal- 
Walker  carbolic  acid  coefficients,  some  of  the 
results  have  been  obtained  by  modifications  of 


the  original  test  as  noted,  and  these  are  obviously 
not  comparable  with  the  others. 


Agent  Germicidal  value 

Observer 

Absolute  alcohol  less  than  O’l 

F.  1905 

Acetic  acid 

0-6  • 

R.  1907 

Acetyl- coumaric 

acid  . 

4-5 

Aniline  . 

0-57 

o-Toluidine 

100 

w-Toluidine 

1-3 

Benzoic  acid  . about  5*0 

R.  1910 

Boric  acid  . less  than  Od 

W.  1904 

Bromine  water 

64 

R.  1910 

Cadmium  chloride 

1-55 

R.  1911 

Cadmium  sulphate 

10 

R.  1911 

Chinosol  . 0' 15-0 '30 

Various  observers 

Chlorine  water 

28 

R.  1910 

Copper  sulphate  j 

(calculated  \ 

2-0 

R.  1910 

on  CUSO4)  ) 

Cresylic  acid 

commercial  . 

3-7 

R.  1908 

o-Cresol  . 

21 

p-Cresol 

2-4 

M.  & C.  1912 

w-Cresol 

2-0 

Eucalyptol 

1-2 

L.  1904 

Formaldehyde 

0-55 

R.  1907 

Ditto 

0-75 

W.1904 

Formic  acid  . 

5*7 

R.  1907 

Guaiacol 

0-9 

L.  1904 

Trimethylome- 

thoxy-phenol 

4-0 

W. 

Quinol  . 

11 

M.  & C. 

Catechol 

0-48 

M.  & C. 

Hydrochloric 

F.  M.  1906  (with 

acid  . 

1-58 

faeces  and  urine) 

Hj^pochlorites  ] 

(calculated  I 
on ' available  j 

146-220 

Various  observers 

chlorine  ’)  j 

Ditto  with  50 

p.c.  urine 

8 

K.  1906 

Iodine  water  . 

100 

R.  1910 

Iodine  trichlor- 

ide 

94 

R.  1909 

Lactic  acid 

1-8 

R.  1910 

Mercuric  chloride 

400-3540 

Various  observers 

2. 3 -Dihydroxy- 

naphthalene 

4.4 

2.7-Dihydroxy- 

naphthalene 

2-8 

Potassium  per- 

manganate . 

42 

do. 

Picric  acid 

6-0 

Pyrogallic  acid 

0-22 

M.  W.  B.  1906 

Resorcin 

0-30 

do. 

Silver  nitrate  . 

15-8 

R.  1910 

Sodium  bisul- 

phate 

41 

R.  1908 

Sulphate 

0-09 

Zinc  chloride  . 

015 

W.  1906 

M.  W.  B.,  Meredith  Wynter  Blyth ; F.  M.,  Firth  and  Mac- 
fadyen ; F.,  Major  Fowler ; K.,  Klein  ; L..  Lodwidge  ; 
M.  & C.,  Morgan  and  Cooper;  R.,  Rideal;  W.,  Walker. 


The  extremely  high  values  once  given  for 
mercuric  chloride  were  due  to  the  powerful 
inhibitory  action  of  the  traces  carried  over  with 
the  sub-cultures  in  the  inoculations. 

S.  & E.  R. 

DISPARGEN.  Trade  name  for  a form  of 
colloid  mercury. 
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DISPERMIN. 


DISPERMIN.  Trade  name  for  piperazine. 

DISSOCIATION  V.  Chemical  AFFINITY. 

DISTHENE  V.  Kyanite. 

DISTILLATION,  The  object  of  distillation 
is  the  separation  of  a volatile  liquid  from  a non- 
volatile substance,  such  as  pure  water  from  sea- 
water, or  more  commonly  the  separation  of  two 
or  more  liquids  of  different  volatility. 

The  apparatus  required  consists  essentially 
of  four  parts  : a still  or  boiler,  a (Fig.  1),  in  which 


the  liquid  is  boiled  ; an  upright  tube  or  head,  b ; 
a condensing  tube,  c,  sloping  downwards  and 
cooled  by  suitable  means — a Liebig’s  condenser, 
L,  through  which  a current  of  water  is  passed, 
being  generally  employed  in  the  laboratory ; 

lastly,  a receiver,  r, 
to  collect  the  dis- 
tilled liquid.  The 
form  of  apparatus 
shown  in  Fig.  2 
is  convenient  for 
many  purposes  ; 
the  still,  the  head, 
and  the  condensing 
tube  are  sealed  to- 
gether in  one  piece. 
The  still  is 
usually  heated  by  the  flame  of  a Bunsen 
burner ; for  very  volatile  and  inflammable 
liquids  a water- bath  is  generally  used,  but  the 
rate  of  distillation  can  be  better  regulated  by 
a very  small  flame  in  contact  with  the  bottom  of 
the  still ; the  Liebig’s  condenser  is  unnecessary 
for  licj^uids  which  boil  above  160°  or  170°  if  the 
condensing  tube  is  fairly  long.  For  many  pur- 
poses, notably  for  distillation  under  reduced 
pressure,  it  is  convenient  to  employ  an  electri- 
cally heated  coil  of  platinum,  German  silver,  or 
nichrome  wire  as  the  source  of  heat  (Richards 
and  Matthews,  J.  Amer.  Chem.  Soc.  30,  1282 ; 
31,  1200;  Beckmann,  Zeitsch.  physikal.  Chem. 
64,  506  ; Bailey,  J.  Amer.  Chem.  Soc.  33,  447 ; 
Rosanoff  and  Easley,  ibid.  31,  964). 

If  the  temperature  at  which  the  liquid  boils 
is  to  be  ascertained  with  accuracy — and  this  is 
generally  the  case  in  fractional  distillation,  espe- 
cially in  the  final  purification  of  a liquid — the 
following  points  should  be  attended  to  : — 

1.  The  thermometer  should  be  carefully  cali- 
brated, and  it  would  be  a great  advantage  if  all 
thermometers  were  compared  with  an  air  ther- 
mometer, for  different  kinds  of  glass  expand 
very  differently  when  heated,  and  therefore  two 
thermometers,  constructed  of  different  varieties 
of  glass,  will  give  different  readings,  especially 
at  high  temperatures. 

2.  The  zero  point  of  the  thermometer  should 
be  redetermined  from  time  to  time.  It  is  a good 
plan  to  heat  the  thermometer  for  several  hours 
to  about  300°  or  360°  before  calibrating  it ; the 
subsequent  changes  of  zero  point,  which  other- 


wise might  be  considerable  at  high  temperatures, 
are  thereby  greatly  reduced  (Crafts,  Compt. 
rend.  95,  910 ; also  several  earlier  papers). 
Thermometers  treated  in  this  manner  may  now 
be  purchased. 

3.  All  thermometers,  except  those  which  do 
not  register  temperatures  higher  than  60°  or  70°, 
should  contain  nitrogen  to  prevent  volatilisation 
of  mercury  in  the  heated  stem ; if  the  thermo- 
meter is  provided  with  a small  bulb  at  the  top, 
rise  of  pressure  owing  to  compression  of  the  gas 
in  the  thermometer  is  avoided. 

4.  The  thermometer  should,  if  possible,  be 
so  placed  in  the  apparatus  that  not  only  the  bulb 
but  also  the  column  of  mercury  in  the  stem  is 
surrounded  by  the  vapour  of  the  boiling  liquid  ; 
otherwise  the  following  correction,  which,  at  the 
best,  is  somewhat  uncertain,  must  be  applied : — 
N = length  of  column  of  mercury  in  scale  degree 

not  heated  by  vapour. 

T = temperature  of  vapour  (the  approximate 
temperature  directly  read  on  the  thermo- 
meter is  usually  sufficiently  accurate). 
i — mean  temperature  of  column  of  mercury 
not  heated  by  vapour.  This  temperature 
may  be  approximately  ascertained  by 
attaching  a small  thermometer  to  the  other 
by  means  of  thin  indiarubber  bands  or  wire, 
with  its  bulb  at  about  the  middle  of  the 
unheated  column. 

Correction  : add  0-000143(T— i)N. 

The  coefficient  0 •000 16  is  usually  employed, 
but  Holtzmann  pointed  out  that  this  is  too  high, 
and  adopted  the  number  0 •000135.  Thorpe, 
however  (Chem.  Soc.  Trans.  37,  159),  has 
shown  that  the  coefficient  0^000143  gives  the 
best  results.^  The  table  for  the  correction  of 
thermometer  readings  is  taken  from  Thorpe’s 
paper,  and  shown  in  next  column. 

For  further  information  v.  article  on  Ther- 
mometers. 

5.  When  the  amount  of  liquid  in  the  bulb  is 
very  small,  the  vapour  is  liable  to  be  superheated 
by  the  flame,  and  unless  the  bulb  of  the  thermo- 
meter is  thoroughly  moistened  with  condensed 
liquid,  too  high  a temperature  will  be  registered. 
If  a very  little  cotton  wool  or,  for  temperatures 
above  230°,  a little  fibrous  asbestos  be  wrapped 
round  the  bulb  of  the  thermometer,  it  remains 
thoroughly  moist,  and  with  a pure  liquid  the 
thermometer  registers  a perfectly  constant  tem- 
perature until  the  last  trace  of  liquid  in  the  bulb 
has  disappeared  (Ramsay  and  Young,  Chem. 
Soc.  Trans.  47,  42). 

6.  The  barometer  should  always  be  read,  and 
corrected  to  0°,  and  in  a long  distillation  or  in 
unsettled  weather  it  should  be  read  frequently, 
for  the  boiling-point  varies  greatly  with  the 
pressure.  The  observed  boiling-point  is  corrected 
to  that  under  normal  pressure  by  means  of  the 
formula  0=c(76O— p)(273+^),  where  0 is  the 
correction  in  centigrade  degrees  to  be  added  to 
the  observed  boiling-point,  t°  ; c is  a constant ; 
and  p is  the  barometric  pressure.  For  the 

^ llimbach  (Ber.  22,  3072)  has  constructed  tables  of 
corrections  by  interpolation  from  experimental  data  up 
to  220°  for  two  kinds  of  thermometer  graduated  in 
degrees,  and  up  to  100°  for  thermometers  graduated  in 
tenths  of  a degree.  All  these  thermometers  were  con- 
structed of  Jena  glass,  and  from  the  results  it  would 
appear  that  the  form  of  the  thermometer,  and  doubtless 
also  the  nature  of  the  glass,  have  a notable  influence  on 
the  magnitude  of  the  correction. 
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majority  of  liquids  the  value  of  c may  be  taken, 
without  serious  error,  to  be  0‘00012  ; but  for 
water  and  the  alcohols  it  is  about  O'OOOlO,  and 
for  a few  liquefied  gases  it  is  considerably  higher. 
A table  of  corrections  was  first  given  by  Crafts 
(Ber.  20,  709).  The  values  of  c for  a large 
number  of  substances  have  been  collected  and 
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tabulated  by  Young  (Chem.  Soc.  Trans.  81,  777  ; 
Fractional  Distillation,  15). 

The  various  parts  of  the  simple  apparatus 
(Figs.  1 and  2)  may  require  modification  under 
certain  circumstances. 

The  still. — For  larger  quantities  of  liquid,  a 
tin  or  copper  vessel  is  preferable  to  glass. 

The  head. — The  modifications  of  this  part 


of  the  apparatus  will  be  considered  under  Frac- 
tional distillation. 

The  condenser. — For  very  volatile  liquids,  the 
condensing  tube  must  be  cooled  by  ice  or  a 
freezing  mixture  (pounded  ice 
and  salt  or  ice  and  concen. 
trated  hydrochloric  acid,  &c.). 

In  this  case,  a spiral  or 
‘ worm  ’ tube  should  be  used 
(Fig.  3).  Condensation  of 
moisture  in  the  receiver  is  pre- 
vented by  the  drying  tube  a. 

V.  CoNDBNSEES. 

The  receiver. — If  a liquid 
boils  at  a very  high  tempera- 
ture, or  if  it  suffers  decom- 
position at  the  ordinary  boiling-point,  it  may 
be  necessary  to  distil  it  under  reduced  pressure. 
For  cases  of  simple  distillation,  the  apparatus 
shown  in  Fig.  4 may  be  employed,  but  if  the 


distillate  is  to  be  collected  in  separate  portions, 
as  in  fractional  distillation,  the  removal  of 
the  receiver  would  necessitate  the  admis- 
sion of  air  into  the  apparatus  and  a 
fresh  exhaustion  after  each  change.  This 
inconvenience  may  be  obviated  by  the  employ- 
ment of  stopcocks  arranged  in  such  a manner 
that  air  may  be  admitted  into  the  receiver  and  a 
fresh  one  put  in  its  place  while  the  distillation 
bulb  remains  exhausted  (Thorner,  Ber.  9, 
1868 ; F.  D.  Brown,  Chem.  Soc.  Trans.  35, 
554 ; L.  T.  Thorne,  Ber.  16,  1327  (Fig.  5)  ; 


Lothar  Meyer,  ibid.  20,  1834;  Wade  and  Merri- 
man,  Chem.  Soc.  Trans.  99,  984 ; Rosanoff  and 
Easley,  l.c.  ; Rosanoff,  Bacon  and  White,  J. 
Amer.  Chem.  Soc.  36,  1806).  Or  again,  a series 
of  receivers  on  a revolving  stand  placed  under 
an  exhausted  bell- jar  may  be  employed  (Gorboff 
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and  Kessler,  Ber.  18,  1363  ; Briihl,  ibid.  21, 
3339  (Fig.  6)). 

Many  liquids  absorb  moisture  from  the  air  or 
are  acted  upon  by  oxygen,  and  in  these  cases 
special  precautions  must  be  taken,  the  moist  air 
in  the  apparatus  being  expelled  and  replaced  by 
dry  air,  carbon  dioxide,  nitrogen,  or  hydrogen  ; 


the  receivers  must  also  be  protected  by  drying- 
tubes.  (For  example,  r.  Thorpe,  Chem.  Soc. 
Trans.  47,  120  ; Young,  ibid.  59,  923.) 

Theory  of  distillation. — Investigations  of  the 
vapour  pressures  of  liquids  have  thrown  much 
light  on  the  subject  of  distillation.  If  a pure 
liquid  be  confined  in  the  space  above  the  mer- 
cury in  a barometer  tube,  it  will  evaporate  until 
the  pressure  of  its  vapour — measured  directly 
by  the  depression  of  the  mercury  column — has 
reached  a definite  amount,  which,  for  a given 
substance,  and,  if  liquid  be  still  present,  depends 
solely  on  the  temperature.  From  the  readings 
of  pressure  at  various  temperatures  we  may 
construct  a curve  to  illustrate  the  relations  of 
temperature  to  pressure  for  a given  substance, 
but  this  curve  has  a twofold  meaning,  for  it 
represents  not  only  the  vapour  pressures  at 
definite  temperatures,  but  also  the  boiling- 
points  of  the  liquid  under  definite  pressures. 
Thus  the  vapour  pressure  of  pure  water  at 
100°  is  760  mm.  of  mercury  at  0°  ; and  under  a 
pressure  of  760  mm.  water  boils  at  100°.  Again, 
the  vapour  pressure  of  water  at  0°  is  4-6  mm., 
and  if  the  pressure  in  a distillation  bulb  con- 
taining water  be  reduced  to  4-6  mm.,  the  water 
will  boil  at  0°.  The  truth  of  this  general  state- 
ment was  conclusively  proved  by  Regnault 
(Mem.  de  I’Academie,  21  and  26). 

Begnault  also  investigated  the  behaviour  of  a 
few  mixed  and  heterogeneous  liquids,  which  he 
divided  into  three  classes  : (1)  liquids  which 
are  quite  or  almost  insoluble  in  each  other ; 
(2)  liquids  which  are  miscible  only  within  cer- 
tain limits  ; (3)  liquids  which  mix  in  all  propor- 
tions, Begnault  employed  both  the  statical  and 
d3mamical  methods  of  investigation ; that  is  to 
say,  he  determined,  on  the  one  hand,  the  vapour 
pressures  of  the  liquids  at  various  temperatures 


in  the  barometer  tube,  and,  on  the  other  hand, 
the  boiling-points  of  the  liquids  under  various 
pressures. 

The  behaviour  of  two  liquids,  A and  B,  when 
brought  into  contact  with  each  other,  must  be 
affected  {a)  by  the  attraction  of  the  like  mole- 
cules ; those  of  A for  each  other,  and  those  of 
B for  each  other  ; and  (&)  by  the  mutual  attrac- 
tion of  the  molecules  of  A and  B.  If  the  attrac- 
tion of  the  unlike  molecules  is  relatively  very 
slight,  it  may  be  expected  that  the  liquids  will 
be  non-miscible,  or  nearly  so,  as  in  the  case  of 
benzene  and  water.  If  the  attraction  of  the 
unlike  molecules  is  greater,  but  still  relatively 
small,  miscibility  within  limits  may  be  expected, 
as,  for  example,  with  aniline  and  water.  In  such 
cases  there  is  frequently  slight  expansion  and 
slight  absorption  of  heat  on  admixture.  Com- 
paring together  various  pairs  of  liquids,  as  the 
mutual  attraction  of  the  unlike  molecules 
increases  relatively  to  that  of  the  like  molecules, 
the  following  changes  may  be  expected ; (a) 
increasing  and  finally  infinite  miscibility ; (b) 
slight  expansion,  diminishing  to  zero,  and 
followed  by  increasing  contraction  ; (c)  diminish- 
ing absorption  of  heat,  changing  to  increasing 
heat  evolution.  These  changes  do  not,  in  many 
cases,  run  strictly  pari  passu,  and  among 
liquids  which  are  miscible  in  all  proportions, 
it  is  not  unusual  to  find  a small  amount  of 
contraction  attended  by  a slight  absorption  of 
heat,  as,  for  example,  when  a little  water  is 
added  to  normal  propyl  alcohol,  but  when 
certain  compounds,  such  as  chlorobenzene  and 
bromobenzene,  which  are  chemically  closely 
related,  are  mixed  together,  there  is  no  appreci- 
able change  of  volume  or  temperature.  For 
such  substances  it  is  probable  that  the  different 
molecular  attractions,  A for  A,  B for  B,  and 
A for  B,  are  very  nearly  equal,  and  that  the 
relation  suggested  by  Galitzine  (Wied.  Ann.  41, 
770  ; and  by  D.  Berthelot,  Compt.  rend.  126, 

1703),  namely,  that  aj^j^=  aJ a^.a^,  holds  good, 
where  a^  ^ represents  the  attraction  of  the 
unlike  molecules,  and  a^  and  the  respective 

attractions  of  the  like  molecules. 

It  would  appear,  then,  that  there  are  two 
very  simple  cases  : I.  that  in  which  the 
liquids  are  non-miscible ; II.  that  of  two 
infinitely  miscible  and  closely  related  liquids 
which  show  no  heat  or  volume  change  on 
admixture. 

I.  It  was  found  by  Regnault  that  when  two 
non-miscible  liquids  are  placed  together  over  the 
mercury  in  a barometer  tube,  the  observed 
vapour  pressure  is  equal  to  the  sum  of  the 
vapour  pressures  of  the  two  liquids  when  heated 
separately  to  the  same  temperature.  It  is  only 
necessary  that  both  substances  should  be 
present  in  sufficient  quantity,  and  that  the 
tube  should  be  shaken  or  sufficient  time  allowed 
for  the  evaporation  of  the  heavier  liquid.  The 
liquids  evaporate  independently  of  each  other, 
and  Dalton’s  law  of  partial  pressures  is  therefore 
applicable  to  the  distillation  of  non-miscible 
liquids.  Each  vapour  behaves  to  the  other  as 
an  indifferent  gas,  and  the  boiling-point  of 
each  liquid  depends  on  the  partial  pressure  of 
its  own  vapour.  The  temperature  is  necessarily 
the  same  for  both  liquids,  and  the  total  pressure, 
if  the  distillation  is  carried  out  in  the  ordinary 
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manner,  is  equal  to  that  of  the  atmosphere. 
The  boiling-point  is,  therefore,  that  temperature 
at  which  the  sum  of  the  vapour  pressures  of  the 
components  is  equal  to  the  atmospheric  pressure. 
For  example,  at  90 ‘23°  the  vapour  pressure  of 
water  is  530  •!  mm.  ; and  that  of  chlorobenzene 
is  210T  mm.  ; total,  740 ’2  mm.  ; and  it  was 
found  that  when  chlorobenzene  and  water  were 
distilled  together  under  a barometric  pressure 
of  740 '2  mm.,  the  temperature  varied  only 
between  90'25°  and  90*35°,  until  there  was 
scarcely  any  chlorobenzene  left  in  the  residue, 
when  it  rose  rapidly  to  100°.  The  boiling- 
point  of  a pair  of  non-miscible  liquids  is  neces- 
sarily lower  than  that  of  the  more  volatile 
component,  and  may  be  far  lower  than  that  of 
the  less  volatile. 

The  process  of  distillation  with  steam  is 
very  frequently  employed  in  the  case  of  sub- 
stances of  high  boiling-point,  which  are  insoluble 
or  only  slightly  soluble  in  water,  such  as  aniline 
or  nitrobenzene.  (For  the  application  of  steam 
distillation  to  the  preparation  of  ethereal  oils, 
V.  von  Fechenberg,  Theorie  der  Gewinnung 
und  Trennung  der  atherischen  Oele  durch 
Destination,  Schimmel  & Co.  1910.) 

The  composition  of  the  vapour — and  there- 
fore of  the  distillate — from  two  non-miscible 
liquids,  like  the  vapour  pressure  and  boiling- 
point,  is  independent  of  the  relative  amounts  of 
the  components,  provided  that  both  are  present 
in  sufficient  quantity  and  that  evaporation  can 
take  place  freely.  Calling  the  vapour  densities 
D^  and  D^,  and  the  vapour  pressures  at  f 
and  pg,  there  will  be,  in  a litre  of  the  mixed 
vapour,  1 litre  of  A at  t°  and  mm.,  and  1 litre 
of  B at  t°  and  mm.  The  weights  of  vapour 
will  therefore  be  : 

0*0899xD^x273xpa  ^0  *0899  X D^  X 273  X p^ 

(273+0x760  (273+0x760 

respectively,  and  the  relative  weights  will  be 
D,  Xp. 

^ (Naumann,  Ber.  10,  1421,  1819,  2014, 

^Pb 

2099  ; Brown,  Chem.  Soc.  Trans.  35,  547). 

The  vapour  density  of  chlorobenzene  is  56*2, 
and  that  of  water  is  9 ; and  at  90*23°  the 
relative  weights  of  vapour  will  be 

56*2x210*1 

—r= — =2*475, 

9X530*1 

and  the  percentage  weight  of  chlorobenzene 
will  be  71*2.  In  the  actual  experiment  to  which 
reference  has  been  made,  the  percentage  of 
chlorobenzene  in  the  distillate  was  found  to 
be  71*4.  Both  boiling-point  and  vapour 
composition  agree  well  with  the  calculated 
values. 

II.  The  vapour  pressure  of  a mixture  of 
two  infinitely  miscible  liquids  which  are  chemi- 
cally closely  related  to  each  other,  or,  probably, 
for  which  a^.B==  V «a*^b»  given  by  the  formula 
100p=Mp^+(100— m)Pjj  where  m is  the  mole- 
cular percentage  of  A,  and  p,  p^,  and  p^  are 
the  vapour  pressures  of  the  mixture  and  of 
A and  B respectively,  at  the  same  tempera- 
ture, t°.  In  other  words,  the  relation  between 
vapour  pressure  and  molecular  composition  is 
represented  by  a straight  line  (Van  der  Waals, 


Proc.  Roy.  Acad.  Amsterdam,  3,  170 ; Young, 
Chem.  Soc.  Trans.  81,  768  ; Young  and  Fortey, 
ibid.  83,  45  ; Zawidski,  Zeitsch.  physikal.  Chem. 

35,  129;  Vanstone,  Chem.  Soc.  Trans.  97,  429; 
Price,  ibid.  115,  1116).  The  relation  has  been 
found  to  hold  accurately  for  chlorobenzene  and 
bromobenzene,  and  with  very  slight  error  for 
other  pairs  of  closely  related  liquids. 

In  order  to  calculate  the  boiling-points  of  all 
mixtures  of  two  such  liquids  under  a given 
pressure,  p,  the  vapour  pressures  of  each  must 
be  known  at  all  temperatures  between  their 
respective  boiling-points  under  that  pressure. 
The  percentage  molecular  composition  of 
mixtures  which  would  exert  the  vapour  pressure 
p must  then  be  calculated  at  a series  of  tempera- 
tures between  these  limits  by  means  of  the  for- 
Vn  — P 

mula  M=100 . Lastly,  the  values  of  M 

Pb-Pa 

must  be  plotted  against  the  temperatures,  when 
the  curve  drawn  through  the  points  will  give 
the  required  relation  between  boiling-point  and 
molecular  composition.  In  the  cases  examined, 
the  agreement  between  the  observed  and  cal- 
culated results  is  quite  satisfactory. 

The  relation  between  the  composition  of  a 
liquid  mixture  and  that  of  its  vapour  (distillate) 
has  been  the  subject  of  many  experimental 
investigations  (Brown,  Chem.  Soc.  Trans.  35, 
547 ; 39,  304 ; Lehfeldt,  Phil.  Mag.  (v.)  46, 
42  ; Zawidski,  Zeitsch.  physikal.  Chem.  35,  129  ; 
Carveth,  J.  Phys.  Chem.  3,  193  ; Winkelmann, 
Wied.  Ann.  39,  1 ; Linebarger,  J.  Amer.  Chem. 
Soc.  17,  615  ; Gahl,  Zeitsch.  physikal.  Chem. 
33,  179  ; Rosanoff,  Lamb,  and  Breithut,  ibid. 
66,  349  ; Rosanoff  and  Easley,  J.  Amer.  Chem. 
Soc.  31,  953  ; Rosanoff,  Bacon  and  White,  ibid. 

36,  1803 ; Rosanoff,  Bacon  and  Schulze,  ibid. 
36,  1993  ; Rosanoff  and  Bacon,  ibid.  37,  301  and 
1072).  Special  attention  may  be  directed  to  the 
last  four  of+hese  papers.  Unfortunately,  how- 
ever, it  is  only  in  a very  few  cases  that  the 
mixtures  investigated  consisted  of  closely  related 
liquids  (Young,  Sci.  Proc.  Roy.  Dubl.  Soc.  15, 
N.S.,  667).  In  the  discussion  of  their  results, 
Lehfeldt  and  Zawidski  made  use  of  formulae 
which  they  derived  from  a general  equation 
proposed  independently  by  Duhem  'and  by 
Margules,  and  it  is  to  be  noted  that  both  formulae, 
in  the  simplest  cases,  can  be  reduced  to  one 

m\  m, 

originally  given  by  Brown,  — y =c. — , where 

m mg 

and  m'g  are  the  relative  weights  of  the  two 
substances  in  the  vapour,  m^  and  m^  the  relative 
weights  in  the  liquid,  and  c is  a constant.  From 

Zawidski’s  formula  it  would  follow  that  c=  — . 

Pb 

So  far  as  experimental  evidence  is  available,  it 
would  appear  that  Brown’s  formula  is  applicable 

to  mixtures  of  liquids  for  which  «^a*b~  ®a*^b> 

m 

rp 

and  that  for  closely  related  liquids 

Another  formula,  which  gives  good  results, 
is  proposed  by  Rosanoff,  Bacon  and  Schulze 
{loc.  cit.). 

When  the  components  of  a liquid  mixture 
are  not  chemically  closel}^  related,  the  relation 
between  vapour  pressure  and  molecular  composi- 
tion is  not,  as  a rule,  represented  by  a straight 
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line,  but  by  a curve,  and,  in  all  probability,  the 
form  of  the  curve  depends  on  the  relation  between 
and  \f  as  shown  in  Fig.  7.  That  is  to 
say,  when 

®A.B^  >Mp^d-(100  — M)Pjj, 

and  vice  versa. 

The  greater  the  difference  between  ^ and 

\f  Ua-®b  greater  will  be  the  curvature ; and  it 
will  be  seen  that,  for  any  given  values  of  and 
Pg,  if  the  deviation  from  straightness  exceeds 
a certain  limit,  there  must  be  a point  of  maximum 
or  minimum  pressure  on  the  curve.  It  is 
obvious,  also,  that  the  smaller  the  difference 
between  and  the  smaller  will  be  the 
deviation  required  to  give  a maximum  or 
minimum  pressure.  If  a^  ^ is  so  much  smaller 
than  aJ a^.a^  that  the  two  liquids  are  only 
partially  miscible,  the  maximum  pressure  will 
not  be  represented  by  a single  point,  but  by  a 
horizontal  line  forming  part  of  the  curve. 

The  influence  of  chemical  relationship  is 
well  seen  by  the  behaviour  of  the  monhydric 
aliphatic  alcohols  towards  water.  These  alcohols 
may  be  regarded  as  derivatives  of  water,  formed 

by  the  replace- 
ment of  a hydro- 
gen atom  by  the 
group  C^H2^  + i; 
the  smaller  the 
alkyl  group,  the 
closer  is  the  re- 
lationship of  the 
alcohol  to  water. 
At  the  ordinary 
temperature  me- 
thyl alcohol  is 
° Molecular  PERCENTAGE  OF  B miscible  with 

Fia.  7.  water  in  all  pro- 

portions, as  also 
are  ethyl  and  propyl  alcohols  ; normal  butyl 
and  fsobutyl  alcohol  are  only  partially  mis- 
cible with  water ; and  the  solubility  of  the 
higher  alcohols  in  water  diminishes  with  rise  of 
molecular  weight,  cetyl  alcohol,  for  example, 
being  jfractically  insoluble.  The  volume  and 
heat  changes  on  admixture  with  water  similarly 
indicate  that  the  attraction  of  the  unlike  mole- 
cules diminishes  as  the  molecular  weight  of  the 
alcohol  increases.  Lastly,  the  deviation  of  the 
vapour  pressure  curves  from  straightness 
increases  (Konowalow,  Wied.  Ann.  14,  34),  as 
may  be  seen  from  Fig.  8. 

(The  temperatures  are  such  that  the  vapour 
pressure  of  each  pure  alcohol  is  400  mm.) 

The  boiling-points  of  liquids  which  are  not 
closely  related  cannot,  as  a rule,  be  calculated 

Vv.  — V 

by  means  of  the  formula  M— 100 . If, 

as  is  usually  the  case,  the  vapour  pressures  of 
the  mixtures  are  higher  than  are  given  by  the 
formula  lOO^?  = -f- (100  — M)pg,  the  ob- 

served boiling-points  will  be  lower  than  the 
calculated ; if  the  vapour  pressures  are  lower, 
the  boihng -points  will  be  higher.  Moreover, 
when  there  is  a point  of  maximum  pressure  on 
the  curve  which  shows  the  relation  between 
vapour  pressure  and  molecular  composition, 
there  must  be  a point  of  minimum  temperature 


on  the  boiling-point — molecular  composition 
curve,  the  composition  of  the  mixture  which 
exerts  a maximum  vapour  pressure,  p,  at  t° 
being  the  same  as  that  of.  the  mixture  which 
has  the  minimum  boiling-point,  t°,  under  the 
pressure  p.  So,  also,  two  substances  capable 
of  forming  a mixture  of  minimum  vapour 
pressure  can  also  form  a mixture  of  maximum 
boiling-point. 

Such  mixtures  of  either  minimum  or  maximum 
boiling-point,  when  distilled,  boil  at  a constant 
temperature  without  change  of  composition, 
like  pure  substances,  and  they  have  frequently 
been  mistaken  for  chemical  compounds.  The 
composition,  however,  depends  on  the  pressure, 
which  would  not  be  the  case  with  a definite 
compound;  and, moreover,  mixtures  of  minimum 
boiling-point  are  formed  owing  to  the  relatively 


Fig.  8. 


small  attraction  of  the  unlike  molecules  for 
each  other.  A very  striking  example  of  the 
influence  of  pressure  on  the  composition  of  the 
mixture  of  constant  boiling-point  has  been 
observed  by  Wade  (Chem.  Soc.  Trans.  99,  997), 
in  the  case  of  ethyl  alcohol  and  water.  Under 
normal  pressure  the  mixture  of  minimum  boiling- 
point  contains  4 ’43  p.c.  of  water.  At  higher 
pressures  the  percentage  of  water  is  slightly 
liigher ; at  lower  pressures  it  is  smaller,  and 
it  is  remarkable  that  the  diminution  in  the 
percentage  of  water  becomes  more  and  more 
rapid  as  the  pressure  falls,  so  that  below  80  mm. 
no  mixture  of  minimum  boiling-point  is  formed 
at  all.  F.  also  Merriman,  ibid.  103,  628  and 
1790. 

In  the  case  of  three  liquids,  if  each  of  the 
three  possible  pairs  is  able  to  form  a mixture  of 
minimum  boiling-point,  it  may  happen  that  a 
particular  mixture  of  all  three  liquid  will  boil 
constantly  at  a lower  temperature  than  will  any 
of  the  pairs  or  single  liquid.  Thus  benzene  and 
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water  form  such  ternary  mixtures  of  minimum 
boiling-point  with  ethyl,  ?i-propyl,  wopropyl, 
and  tertiary  butyl  alcohols  (Young,  Chem.  Soc. 
Trans.  81,  707  ; Fortey  and  Young,  ibid.  81, 
739).  • 

A table  of  mixtures  of  constant  boiling-point 
is  given  in  Young’s  Fractional  Distillation, 
67-69.  Other  mixtures  have  since  been  dis- 
covered by  Wade  (Chem.  Soc.  Trans.  85,  938  ; 
87,  1656 ; v.  also  95,  1842),  and  by  other 
observers.  The  subject  has  been  exhaustively 
studied  by  Lecat,  La  Tension  de  Vapeur  des 
Melanges  deLiquides;  I’Azeotropisme  (Brussels, 
1918).  Lecat  has  collected  the  data  published 
by  other  chemists,  and  has  himself  investigated 
more  than  2000  mixtures,  and  has  discovered  and 
tabulated  a very  great  number  of  binary  mixtures 
of  minimum  boiling -point, and  a moderate  number 
of  binary  mixtures  of  maximum  boiling-point, 
and  of  ternary  mixtures  of  minimum  boiling- 
point.  He  has  also  observed  the  dependence  of 
the  composition  of  the  azeotropic  mixtures  on 
the  pressure  in  a considerable  number  of  cases. 

The  composition  of  the  vapour  from  a 
mixture  of  liquids  which  are  not  closely  related, 
cannot,  as  a rule,  be  calculated  from  the  vapour 
pressures  of  the  components  and  the  composi- 
tion of  the  liquid,  but  for  purposes  of  interpola- 
tion the  formulae  of  Lehfeldt,  Zawidski  or 
Rosanoff  may  be  found  useful  (Z.c.).  Rosanoff, 
Bacon  and  Schulze  {l.c  ) have  discovered  a simple 
and  very  useful  solution  between  the  partial 
pressures  (number  of  molecules)  of  the  com- 
ponents in  the  vapour  and  the  vapour  pressures 
of  the  mixture  and  of  the  two  pure  substances. 
They  give  a formula  which  is  applicable  even 
when  mixtures  of  maximum  or  minimum  vapour 
pressure  are  formed. 

Fractional  distillation.  It  has  been  stated 
that  Brown’s  formula,  -^—c — , is  applicable 

mg  mg 

to  mixtures  of  all  closely  related  liquids  so  far 
investigated,  and  that,  in  all  probability 


IP 

c=— . The  value  of  c is  necessarily  such  that 
Vb 

the  vapour  is  richer  than  the  liquid  in  the  more 
volatile  component.  The  first  portion  of 
distillate  obtained  by  condensation  of  the 
vapour  will,  therefore,  be  richer,  and  the 


residual  liquid  will  be  slightly  poorer  in  that 
component.  Continuing  the  distillation,  the 
vapour  evolved  from  the  residual  liquid  will 
again  be  richer  than  the  liquid  in  contact  with 
it  in  the  more  volatile  component,  though 
poorer  than  the  first  portion  of  vapour.  If 
successive  portions  of  vapour  be  condensed,  the 
percentage  of  the  more  volatile  component  in 
the  distillates  or  fractions  will  steadily  diminish, 
until,  if  the  constant  c differs  greatly  from  unity, 
the  residue  will  consist  of  the  less  volatile  liquid 
in  a pure  or  very  nearly  pure  state.  As  the 
distillation  proceeds,  the  temperature  will,  there- 
fore, rise  until,  if  c has  a high  value,  the  boiling- 
point  of  the  less  volatile  component  is  reached. 

If  the  fractions  obtained  in  the  first  distilla- 
tion were  redistilled,  each  of  them  could  be 
separated  into  smaller  fractions,  the  first  richer 
and  the  last  poorer  in  the  more  volatile  com- 
ponent, and  by  a process  of  systematic  fractional 
distillation  it  should,  theoretically,  be  possible  to 
effect  a separation  of  both  components. 

A mathematical  and  experimental  investiga- 
tion (Barrel!,  Thomas,  and  Young,  Phil.  Mag. 
(v.)  37,  8)  of  the  behaviour  on  distillation  of 
mixed  liquids  which  follow  Brown’s  law,  showed 
that  with  two  components  it  is  the  liquid  of 
higher  boiling-point  which  is  the  easier  to 
separate  ; and  that  if  there  are  three  or*  more 
components  boiling  at  fairly  equal  intervals  of 
temperature,  the  substances  of  intermediate 
boiling-point  are  the  most  difficult  to  separate, 
and  the  least  volatile  substance  is  the  easiest. 
See  also  T/ord  Rayleigh,  Phil.  Mag.  [5]  4,  527, 
and  Rosanoff,  Baker  and  Schulze,  J.  Amer. 
Chem.  Soc.  36,  1993. 

The  method  employed  for  the  fractional 
distillation  of  a mixture  of  two  liquids  can  best 
be  explained  by  taking  a concrete  example.  A 
mixture  of  100  grams  of  benzene  (b.p.  80 '2°) 
and  100  grams  of  toluene  (b.p.  110’6°)  was 
slowly  distilled,  and  the  distillate  was  collected 
in  a convenient  number  of  fractions,  the  receivers 
being  changed  when  the  boiling-point  reached 
eertain  definite  previously  arranged  tempera- 
tures, the  actual  readings  being  corrected  for 
barometric  pressure  and  for  errors  in  the 
thermometer  scale.  The  results  of  the  first 
four  fractionations,  and  also  of  the  ninth,  are 
given  in  Table  I. 


Table  L 


Number  of 
receiver 

Final 

temperature 

(corrected) 

Weight  of  fraction  = AW 

t 

( 

1 

1 s 

1 <1 

1 

i 

1 _ 

I. 

II. 

III. 

IV. 

IX. 

Pure  benzene 

0 

8?) -2 

10-20 

1 

81-2 

— 

— 

12-95 

31-55 

^0  3 

45-00 

2 

83-2 

— 

3-80 

24-80 

23-90 

80-6 

17-55 

3 

86-2 

— 

33-85 

22-75 

16-20. 

81-4 

7-20 

4 

89-2 

9-75 

22-30 

13-50 

9-55 

83-5 

4-50 

5 

92-2 

51-80 

19-65 

11-80 

8-00 

88-0 

3-30 

6 

95-4 

28-85 

13-60 

9-15 

5-80 

95-4 

2-75 

7 

98-6 

21-20 

12-95 

7-30 

5-35 

102-8 

2-60 

8 

101-0 

12-80 

9-05 

6-75 

4-65 

107-3 

2-85 

9 

104-6 

11-45 

8-90 

6-30 

3-85 

109-4 

3-15 

10 

107-6 

14-15 

10-80 

7-95 

5-85 

110-2 

3-45 

11 

109-6 

13-45 

9-60 

8-95 

7-40 

110-5 

7-00 

12 

110-6 

24-90 

30-75 

33-05 

30-50 

110-6 

5-75 

Pure  toluene 

(110-6) 

10-90 

22-95 

31-35 

42-10 

(110-6) 

72-10 

2 o 
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In  the  first  distillation  the  temperature  rose 
almost  at  once  to  86°  (corr,),  and  the  first 
portion  of  distillate  was  therefore  collected  in 
receiver  4.  On  the  other  hand,  the  temperature 
reached  110'6°  before  the  whole  of  the  liquid 
had  come  over ; the  residue,  therefore,  con- 
sisted of  pure  toluene. 

The  distillate  in  receiver  4 was  now  placed 
in  a smaller  flask  and  distilled,  fractions  being 
collected  in  receivers  2,  3,  and  4.  When  the 
temperature  reached  89 ‘2°,  the  flame  was 
removed,  and  the  contents  of  receiver  5 were 
added  to  the  residue  in  the  still.  The  distilla- 
tion was  recommenced,  and  fractions  were 
eollected  in  receivers  3,  4,  and  5,  the  flame  being 
removed  when  the  temperature  reached  92 '2°. 
Ihe  distillation  was  continued  in  a similar 
manner  until,  after  addition  of  the  contents  of 
receiver  12,  the  temperature  rose  to  110‘6°, 
when  the  residue  of  pure  toluene  was  added  to 
that  from  the  first  fractionation.  The  third 
and  fourth  fractionations  were  carried  out  like 
the  second.  In  the  subsequent  fractionations 
the  temperature  ranges  of  the  middle  fractions 
were  gradually  increased  and  those  of  the  lowest 
and  highest  fractions  diminished.  It  was  not 
until  the  ninth  fractionation  that  pure  benzene 
began  to  be  collected.  Eventually  81 ‘4  grams 
of  pure  benzene  and  88*8  grams  of  pure  toluene 
were  recovered. 

Full  details  of  the  systematic  fractional 
distillation  of  mixtures  of  two  liquids  and  three 
liquids,  and  of  more  complex  mixtures,  are  given 
in  ‘Fractional  Distillation,’  114-143. 

If  the  components  of  a mixture  are  not 
closely  related,  the  composition  of  the  vapour 
cannot,  as  a rule,  be  calculated  by  Brown’s 
formula,  but  even  in  such  cases  the  percentage 
of  the  more  volatile  component  in  the  vapour 
will  be  greater  than  in  the  liquid,  and  the 
separation  by  fractional  distillation  is  theoreti- 
cally possible,  unless  the  deviation  of  the 
vapour  pressure- composition  curve  from  straight- 


Fig.  9. 

ness  is  so  great  that  a mixture  of  maximum  or 
minimum  vapour  pressure  is  formed. 

For  mixtures  to  which  Brown’s  law  is 
applicable,  it  may  be  stated  quite  generally 
that  the  greater  the  difference  between  the 
boiling-points  of  the  compounds,  the  more 
readily  can  a separation  be  effected  by  fractional 
distillation,  but  for  other  mixtures  the  form  of 
the  curve  representing  the  relation  between 
boiling-point  and  molecular  composition,  if 
known,  must  be  taken  into  account.  If  the 
curve  for  two  components  were  of  the  form  a 


(Fig.  9),  the  substance  of  higher  boiling-point 
could  be  separated  very  easily,  but  the  more 
volatile  component  only  with  great  difficulty,  if 
at  all.  On  the  other  hand,  if  the  curve  were 
of  the  form  b,  nearly  horizontal  at  thff  higher 
temperature,  the  more  volatile  component 
would  be  comparatively  easy,  and  the  less 
volatile  difficult  to  separate.  The  first  case  is 
frequently  met  with,  the  second  seldom.  With 
curves  of  the  form  c and  d (Fig.  10)  it  would  not, 
under  any  conditions,  be  possible  to  separate 


Fig.  10 

both  components  by  distillation  of  any  given 
mixture,  but  it  would  be  possible  to  separate 
the  mixture  of  minimum  or  maximum  boiling- 
point  from  that  component  which  was  in  excess. 
In  a case  represented  by  curve  c,  where  the 
minimum  temperature  corresponds  to  the 
molecular  composition  q,  the  distillation  might 
proceed  in  either  of  three  ways  : (1)  If  the  liquid 
mixture  had  the  composition  q,  it  would  distil 
unchanged  in  composition  at  the  constant 
minimum  temperature ; (2)  if  the  molecular 

percentage  of  A were  less  than  q,  the  liquid 
would  tend  to  separate  into  two  components, 
the  more  volatile  of  which  would  be  the  mixture 
of  minimum'  boiling-point,  and  the  less  volatile 
the  substance  B ; (3)  if  the  molecular  percentage 
of  A were  greater  than  q,  the  components 
separable  by  distillation  would  be,  first,  the 
mixture  of  minimum  boiling-point,  and,  second, 
the  liquid  A.  A well-known  case  of  this  kind 
is  that  of  normal  propyl  alcohol  and  water  ; 
the  boiling-points  under  normal  pressure  are  : 
water,  100°  ; w -propyl  alcohol,  97*2°  ; mixture 
of  minimum  b.p.  87*7°.  This  mixture  contains 
43 ’2  molecules  p.c.  of  the  alcohol ; it  was 
described  for  many  years  as  a hydrate  of 
propyl  alcohol.  If  the  curve  had  the  form  d,  the 
mixture  would  distil  like  a pure  liquid  if  it  had 
the  composition  r,  or  it  would  tend  to  separate 
into  two  components,  the  first  being  either 
A or  B,  aecording  as  the  molecular  percentage 
of  A in  the  original  mixture  was  greater  or  less 
than  r,  and  the  seeond  the  mixture  of  maximum 
boiling-point.  Formic  acid  and  water  behave 
in  this  manner,  as  shown  by  Roscoe  (Chem.  Soc. 
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Trans.  13,  146  ; 16,  270).  Boiling-points  : water 
100°  ; formic  acid,  99 ‘9°  ; mixture  of  maximum 
b.p.,  107 '1°  ; molecular  percentage  of  acid  in 
mixture,  56 ’7°. 

If,  as  with  ethyl  alcohol  and  water  (Fig.  11), 
the  mixture  of  constant  boiling-point  distils  at 
neaily  the  same  temperature  as  one  of  the  two 
pure  liquids,  it  is  impossible  to  separate  that 
liquid  in  a pure  state  by  distillation.  In  this 


Molecular  percentage  of  Water 
Fig.  11. 

case,  as  the  curve  is  exceedingly  flat  at  the  lower 
temperature  (Noyes  and  Warfel,  J.  Amer.  Chem. 
Soc.  23,  463),  it  is  practically  impossible  to 
separate  the  mixture  of  minimum  boiling-point 
(containing  4*43  p.c.  by  weight  of  water)  in  a 
pure  state  even  when  water  is  in  excess,  although 
it  is  quite  easy  to  separate  pure  water  from  dilute 
spirit. 

The  correct  interpretation  of  the  results  of 
the  fractional  distillation  of  a complex  mixture 
may  be  rendered  very  difficult  by  the  following 
causes  : (1)  the  presence  of 

two  components  boiling  at 
nearly  the  same  temperature ; 

(2)  the  presence  of  one  or  more 
components  in  relatively  very 
small  quantity  ; (3)  the  forma- 
tion of  mixtures  of  constant 
boiling-point.  It  is  only  by 
plotting  the  total  weights  of 
chstillate  against  the  tempera- 
tures, or  by  dividing  the  weight 
of  each  fraction,  Aw,  by  its 
temperature  range  and  tabu- 
lating the  ratios  AwfAt,  that 
the  results  are  likely  to  be 
understood,  and  in  any  cstse, 
the  existence  of  a mixture  of 
constant  boiling-point  may  not 
be  discovered,  and  it  may  be 
difficult  to  decide  whether  a 
distillate  collected  at  a practi- 
cally constant  temperature  con- 
sists of  a single  pure  substance 
or  of  two  liquids  boiling  at 
nearly  the  same  temperature. 

Air  the  above  difficulties  are  met  with  in  the 
fractional  distillation  of  petroleum,  which 
contains  homologous  and  isomeric  paraffins, 
polymethylenes  and  their  alkyl  derivatives 
(naphthenes)  and  aromatic  hydrocarbons,  Rus- 
sian petroleum  being  relatively  rich,  and  Ameri- 
can petroleum  poor  in  naphthenes  and  aromatic 
hydrocarbons.  When  American  petroleum  was 
carefully  distilled,  it  appeared  at  first  as  though 
the  distillate  coming  over  between  the  ordinary 
temperature  and  40°  contained  only  a single 
component,  boiling  at  about  33° ; but  by  sys- 
tematic fractional  distillation  with  a very 


efficient  still-head,  it  became  evident  (Fig.  12) 
that  two  components,  ^5opentane,  b.p.  27 '95°, 
and  normal  pentane,  b.p.  36 '2°,  were  present 
(Young,  Chem.  Soc.  Trans.  71,  440).  Again,  in 
the  early  fractionations  there  appeared  to  be  no 
indication  of  the  presence  of  any  component 
boiling  between  40°  and  60°,  but  by  tabulating 
the  values  of  Aw/ At,  it  was  seen  that  a very 
small  quantity  of  a liquid  boiling  at  about  50° 
was  present,  and  a distillate  coming  over  almost 
constantly  at  49 '5°  was  eventually  obtained. 
A chemical  and  physical  investigation  of  this 
distillate  showed,  however,  that  it  was  a mixture 
of  pentamethylene  and  a hexane  of  low  boiling- 
point.  The  presence  of  benzene  in  American 
petroleum  is  indicated  by  the  formation  of 
dinitrobenzene,  when  the  distillate  from,  say, 
60°  to  80°  is  treated  with  nitric  and  sulphuric 
acids  (Schorlemmer,  Annalen,  127,  311).  But 
when  the  petroleum  was  carefully  fractionated, 
it  was  found  that  the  small  fraction  coming  over 
at  about  80°  yielded  no  dinitrobenzene,  the 
greater  part  being  obtained  from  the  fractions 
below  70°.  This  anomaly  is  explained  by  the 
fact  that  benzene  forms  a mixture  of  constant 
boiling-point  with  w-hexane,  coming  over  at 
almost  the  same  temperature  as  the  paraffin. 
The  amount  of  benzene  being  relatively  small, 
the  whole  of  it  distils  over  at  the  low  tempera- 
ture. In  Russian  petroleum  the  percentage  of 
benzene  is  so  much  greater  that  some  of  it 
comes  over  at  its  true  boiling-point,  80 '2° 
(Young,  Chem.  Soc.  Trans.  73,  905). 

(For  a detailed  discussion  of  the  interpretation 


Fig.  12. 

of  the  results  of  the  fractionation  of  complex 
mixtures,  v.  Fractional  Distillation,  chap.  19.) 

Improved  still-heads.  It  would  be  quite  im- 
possible to  effect  really  difficult  separations  by 
means  of  the  ordinary  apparatus  employed  for 
distillation,  and  various  modifications  of  the  still- 
head  have  been  devised  in  order  to  increase  its 
efficiency.  Even  when  the  separation  is  an  easy 
one,  much  time  and  material  may  be  saved  by 
the  employment  of  efficient  still-heads.  Great 
pi  ogress  was  made  in  the  improvement  of  the 
still-head  in  commerce — notably  for  the  better 
separation  of  alcohol  from  weak  spirit — before 
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any  advance  was  made  in  the  laboratory.  It 
will,  however,  be  more  convenient  to  consider 
first  those  forms  of  apparatus  which  are  suitable 
for  laboratory  purposes. 

In  choosing  or  constructing  a still-head,  the 
first  point  to  be  considered  is  its  efficiency  in 
separating  the  components  of  a mixture.  It 
frequently  happens,  however,  that  the  quantity 
of  liquid  available  is  small,  and  it  is  therefore 
important  that  the  quantity  of  condensed 
liquid  in  the  still-head  at  any  moment  shall  be 
as  small  as  possible.  If  the  residual  liquid  is 
to  value,  it  is  also  of  importance  that  the 
condensed  liquid  in  the  still-head  shall  all  return 
to  the  still  after  the  source  of  heat  is  removed. 

In  comparing  the  efficiency  and  usefulness 
of  different  still-heads,  it  is  necessary  always  to 
distil  a mixture  of  the  same  composition ; and 
the  rate  of  distillation  must  always  be  the  same, 
because  the  efficiency  of  any  still-head  is  greatly 
diminished  by  increasing  the  rate.  In  the 
comparisons  mentioned  in  this  article,  equal 
weights  of  pure  benzene  and  pure  toluene  were 
employed,  and  the  cUstillate  was  collected  at  the 
rate  of  one  drop  per  second.  Unless  otherwise 
stated,  50  grams  of  the  mixture  were  distilled. 

Of  all  possible  forms,  the  plain  vertical  still- 
head  is  the  least  efficient.  During  distillation, 
as  the  vapour  rises  up  the  cylindrical  tube,  the 
outer  part  of  it  comes  in  contact  with  the  con- 
densed liquid  flowing  down  the  sides  of  the 
tube.  Since  the  tube  is  constantly  losing  heat 
by  radiation  and  by  conduction  to  the  surround- 
ing air,  this  liquid  is  constantly  cooled  and 
fresh  condensation  constantly  goes  on,  the 
outermost  layer  of  vapour  probably  condensing 
almost  completely  with  little  change  of  com- 
position. The  central  portion  of  vapour  rises 
rapidly  up  the  tube,  and  can  only  reach  the  liquid 
by  diffusion  or  by  convection  currents,  and 
much  of  it  may  pass  through  the  still-head 
without  reaching  the  liquid  at  all ; the  con- 
densed liquid,  on  the  other  hand,  flows  rapidly 
back  to  the  still.  In  order,  however,  that  a 
satisfactory  separation  of  the  components  may 
take  place,  as  much  of  the  vapour  as  possible 
should  come  in  contact  with  the  hot  condensed 
liquid,  so  that  equilibrium,  as  regards  composi- 
tion, may  be  brought  about  all  through  the  tube. 

The  efficiency  of  a plain  vertical 
still-head  is,  roughly,  proportional  to 
its  length.  For  tubes  of  equa,l 
length  the  efficiency  is  lowest  when 
the  internal  diameter  is  about  14  mm. 
On  the  other  hand,  the  quantity  of 
liquid  and  vapour  in  the  stdl-head 
increases  regularly  with  the  width 
of  the  tube ; it  is  therefore  better 
to  use  very  narrow  rather  than  very 
wide  tubing. 

Better  contact  between  liquid 
g and  vapour,  and  therefore  greater 
S efficiency,  is  ensured  by  sloping  the 
M middle  part  of  the  tube,  the  extre- 
mities being  kept  vertical,  and  the 
efficiency  is  further  improved  by 
bending  the  sloping  portion  so  as  to 
^ form  a spiral.  In  Young’s  ‘ rod  and 
Fig  13  disc  ’ still-head  (Fig.  1 3),  the  downflow 
of  part  of  the  condensed  liquid  is 
greatly  retarded  by  the  discs  on  the  central  glass 
rod,  and  this  liquid  is  protected  from  the  cooling 


action  of  the  air ; at  the  same  time,  eddies  and 
cross-currents  are  produced  in  the  vapour.  The 
increase  in  efficiency  caused  by  the  introduction 
of  the  easily  constructed  rod  with  discs  is  very 
marked.  Wurtz  (Ann.  Chim.  Phys.  iii.  42,  129) 
recommended  a vertical  tube  with  a series  of 
bulbs  blown  on  it,  and  Young  has  shown  that 
the  efficiency  is  somewhat  increased  and  the 
amount  of  liquid  in  the  still-head  is  greatly 
diminished  by  blowing  pear-shaped  instead  of 
spherical  bulbs  on  the  tube  (Fig.  14).  The  ‘ rod 
and  disc  ’ and  ‘ pear  ’ still-heads  are  specially 
suitable  for  liquids  of  high  boiling-point. 

Greater  efficiency,  combined  with  diminished 
condensation  of  liquid  in  the  still-head,  is 
attained  in  Young’s  ‘ evaporator  ’ column,  one 
section  of  which  is  shown  in  Fig.  ' 15.  The 


Fig.  14. 


vapour  rises  up  the  inner  tube,  passes  down 
between  the  inner  and  middle  tubes,  and  up 
again  between  the  middle  and  outer  tubes,  and 
so  reaches  the  section  above.  The  liquid  con- 
densed in  the  upper  part  of  the  still-head  falls 
in  drops  from  the  depression  at  the  top  of  the 
section  on  to  the  flattened  top  of  the  inverted 
middle  tube,  and  spreads  itself  over  its  surface, 
falling  again  in  drops  from  the  bottom  of  this 
tube.  The  temperature  of  the  vapour  passing 
through  the  inner  tube  of  any  section  being 
higher  than  the  boiling-point  of  the  condensed 
liquid  falling  on  to  the  inverted  tube,  re-evapora- 
tion  takes  place  to  some  extent,  and,  if  there  is 
much  difference  between  the  boffing-points  of 
the  components  of  the  mixture  being  distilled, 
ebullition  may  actually  occur.  The  quantity  of 
condensed  liquid  in  the  stdl-head  is  thereby 
greatly  reduced.  The  ‘ evaporator  ’ still-head 
is  specially  suitable  for  accurate  work  where 
great  efficiencj'^  is  required  (Chem.  Soc.  Trans. 
75,  679  ; Wade  and  Merriman,  ibtd.  99,  984). 

The  ‘ Hempel  ’ still-head  (Zeitsch.  anal.  Chem. 
20,  502)  consists  simply  of  a wide  vertical  tube, 
filled  with  glass  beads  of  special  construction, 
and  constricted  below  to  prevent  the  beads 
from  falling  out.  A short,  narrower  vertical 
tube  Avith  side  delivery  tube  is  fitted  by  means  of 
a cork  into  the  wider  tube.  The  advantages 
of  the  Hempel  apparatus  are  simplicity  and 
efficiency,  but  the  amount  of  liquid  in  the  stdl- 
head  is  excessive.  Haschig  employs  thin  rings 
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of  copper  or  some  other  metal  in  place  of  the 
glass  beads,  the  depth  of  a ring  being  about 
equal  to  its  diameter.  Lessing  uses  split  rings, 
the  metal  being  also  bent  inwards  across  the 
ring,  thus  (J).  These  rings  are  easier  to  con- 


struct and  give  a larger  surface ; they  give  very 
good  results.  Rings  are  much  lighter  than 
beads. 

The  results  obtained  with  various  still-heads 
are  given  in  Table  II. 


Table  II. 


Nature  of  still -head 
or  dephlegmator 

Plain  vertical,  5-1 
mm.  diameter 

Plain  vertical  14*0 
mm.  diameter 

Plain  vertical  25-7 
mm.  diameter 

‘ Rod  and  disc  ’ 14 

mm.  diameter 

‘ Pear  ’ 

‘ Evaporator  ’ 

‘Evaporator’ 

‘ Evaporator  ’ 

‘ Hempel  ’ with 

200  beads 

1 

j Glinsky 

Le  Bel-Henninger 

1 

Young  and  Thomas 

: Young  and  Thomas 

Number  of  discs,! 
bulbs,  or  sections  / 

— 

— 

— 

20 

13 

3 

5 

8 

— 

3 

3 

3 

18 

Vertical  height  in! 

cm.  . . . / 

62 

62 

62 

62 

62 

46 

62 

78 

58 

30 

43 

511 

130 

Final  temperature  of 
fraction 

Percentage  weight  of  distillate. 

83-2 

86-2 

89*2 

92-3 

95-4 

98-5 

101-6 

104-6 

107-6 

110-0 

110-6 

Pure  toluene  by! 
difference  . / 

0-5 
22-2 
16-5 
9-2 
7-2 
5-8 
j 5-5 
' 5-9 

7- 1 

8- 9 

11-2 

0-1 

12-8 

21-5 

11-0 

8-9 

7-4 

6-2 

7- 3 

8- 4 

9- 0 

7-4 

0-2 

20-0 

18-8 

9-2 

7-2 

4- 7 

5- 9 

6- 4 
10-0 

7- 2 

10-4 

1-4 

18-1 

15-8 

9-7 

6-1 

4-2 

3- 8 

4- 2 
4-3 
8-0 
6-6 

17-8 

3-0 

26-2 

11-0 

5-8 

5-2 

2-4 

2- 4 
2-8 

3- 6 
5-0 

11-0 

21-6 

12-80 

21- 15 
7-50 
4-80 
3-35 
2-70 
2-30 

2- 50 

3- 50 
6-50 

10-50 

22- 40 

26-00 

12-35 

5-60 

3- 25 
1-95 
1-30 
1-80 

1- 50 

2- 45 

4- 20 
11-40 

27-90 

35-85 

6-50 

2-90 

2- 15 
1-40 
1-15 
1-05 
1-15 
1-60 

3- 95 
9-60 

32-70 

20-6 

15-4 

7- 2 
3-4 
3-2 
2-2 
1-8 

2- 9 

3- 2 
6-8 

8- 4 

24-9 

1-1 

11-7 

17-3 

11-9 

7- 5 
5-6 
5-7 
5-6 

8- 9 
13-7 

2-5 

8-5 

0-5 

17-8 

15-9 

8-8 

7-2 

4-3 

4-8 

4- 6 

5- 5 
9-8 

6- 8 

14-0 

0-6 

21-8 

14- 3 
7-8 
5-0 
4-7 

4- 0 
3-6 

5- 2 
7-3 
9-8 

15- 9 

38-8 

4-1 

1-9 

1-8 

1- 3 
1-2 

0- 9 

1- 2 

2- 0 
4-0 
8-1 

34-7 

Weight  of  liquid! 
and  vapour  in  > 
still -head  . . ) 

1-05 

1-55 

3-15 

2-35 

2-6 

2-70 

4-55 

6-25 

7-85 

2-8 

5-85 

2-8 

12-1 

In  many  of  the  still-heads  employed  on  the 
large  scale,  for  example  in  the  Coffey  still  (Fig.  28), 
the  condensed  liquid  is  caused,  by  means  of 
suitable  obstructions,  to  collect  into  shallow 
pools,  and  the  ascending  vapour  has  to  force  its 
way  through  these  pools  ; very  good  contact  is 
thus  brought  about  between  vapour  and  liquid 
at  definite  intervals.  The  excess  of  liquid  is 
carried  back  from  pool  to  pool,  and  finally  to  the 
still  by  suitable  trapped  reflux  tubes.  It  is 
convenient  to  reserve  the  term  ‘ dephlegmator  ' 
for  this  class  of  still-head.  The  ‘ Le  Bel- 
Henninger  ’ (Fig.  16)  and  the  ‘ Glinsky  ’ (Fig.  17) 
dephlegmators  have  been  very  frequently 
employed  for  laboratory  work,  but  they  do  not 
give  good  results  when  small  quantities  of 
licpiid  are  distilled ; the  dephlegmators  of 
Brown  (Chem.  Soc,  Trans.  37,  49)  (Fig.  18)  and 
of  Young  and  Thomas  {ibid.  75,  679)  follow  the 
principle  of  the  Coffey  still  more  closely,  and  are 
much  better  in  this  respect. 

In  a comparison  of  the  Glinsky,  Le  Bel- 
Henninger,  and  Young  and  Thomas  dephleg- 
mators, each  with  three  sections,  it  was  found 
that  when  400  grams  of  the  mixture  of  benzene 
and  toluene  were  distilled,  there  wsts  not  a 
great  difference  in  efficiency,  but  the  Glinsky 


was  the  least  satisfactory.  With  50  grams  of 
the  mixture  the  differences  (Table  II.)  were 


quite  noticeable,  and  with  25  grams  they 
were  greatly  accentuated.  With  the  Glinsky 
^ Unnecessarily  long. 
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column  the  highest  temperature  reached  was 
only  107 '6°,  and  the  residue,  when  distilled  from 
a very  small  bulb,  came  over  between  102*2° 
and  110’4°.  No  pure  toluene  was  therefore 
obtained,  and  the  residue  left  in  the  still  was 
distinctly  less  pure  than  the  last  portion  of 
distillate  collected.  With  the  Le  Bel-Henninger 
column  the  highest  temperature  was  only 
107*25°,  and  the  residue  began  to  boil  at  105*7°  ; 
with  the  Young  and  Thomas  column  the  tem- 
erature  just  reached  110*6°,  and  the  residue 
egan  to  boil  at  110*4°.  The  ‘rod  and  disc,’ 
the  ‘ pear,’  and  the  ‘ evaporator  ’ still-heads 
gave  better  results  when  only  25  grams  of  the 
mixture  were  distilled,  the  residue  in  each  case 
consisting  of  pure  toluene.  These  results  show 
that  for  small  quantities  of  liquid  the  Young 
and  Thomas  dephlegmator  gives  much  better 
results  than  the  Glinsky  or  Le  Bel-Henninger, 
but  that  none  of  them  is  so  satisfactory  as  the 
other  still-heads. 

In  order  that  a dephlegmator  may  give  the 
best  results,  the  following  requirements  should 
be  fulfilled  : 1.  It  should  be  possible  to  greatly 
increase  the  number  of  sections  without  seriously 
increasing  the  fragility  of  the  apparatus.  2.  As 
the  amount  ®f  condensed  liquid  flowing  back  at 
any  level  is  greatest  at  the  bottom  and  least  at 
the  top,  it  follows  that,  in  order  to  form  a pool, 
more  complete  obstruction  is  required  at  the  top 
of  the  column  than  at  the  bottom.  3.  Since  the 
amount  of  condensed  liquid  in  the  still-head 
should  be  as  small  as  possible  consistently  with 
efficiency,  the  reflux  tubes  should  not  be  wider — 
in  that  part  which  is  filled  with  liquid  during 
distillation — than  is  necessary  to  carry  back  the 
liquid  freely,  and  the  traps  should  be  no  deeper 
than  is  required  to  prevent  the  ascending  vapour 
from  forcing  its  way  through  them.  On  the 
other  hand,  the  upper  part  of  the  reflux  tubes 
should  be  wide,  so  as  to  facilitate  the  entrance 
of  the  liquid.  4.  There  should  be  a rapid  flow 
of  condensed  liquid  through  the  reflux  tubes, 
otherwise  the  change  in  composition  of  the 
liquid  in  these  tubes  will  lag  behind  that  of  the 
distillate.  5.  There  should  be  a reflux  tube 
connecting  each  section  with  the  one  below  it, 
so  that  the  change  in  composition  may  be 
regular  from  top  to  bottom  of  the  column.  In 
this  respect  the  Glinsky  dephlegmator  is  entirely 
wrong  in  principle.  6.  When  the  distillation  is 
completed,  the  residual  liquid  should  return  as 
completely  as  possible  from  the  still-head  to  the 
still.  In  this  respect  the  dephlegmators  as  a 
class  are  less  satisfactory  than  the  other  still- 
heads. 

By  surrounding  the  still-head  with  water  or 
any  other  liquid,  the  temperature  of  which  is 
kept  as  little  above  the  boiling-point  of  the  more 
volatile  component  as  will  allow  of  vapour 
passing  through,  a considerable  improvement  in 
the  separation  is  effected.  The  temperature  of 
the  bath,  however,  requires  very  careful  regula- 
tion if  the  boiling-points  of  the  components  are 
near  together,  or  if  one  component  is  present  in 
large  excess,  for  in  either  case  a fall  of  a fraction 
of  a degree  would  cause  complete  condensation 
of  the  vapour,  while  a slight  rise  of  temperature 
would  prevent  any  condensation  from  taking 
place,  and  there  would  be  no  fractionation  what- 
ever. In  constructing  a regulated  temperature 
still-head,  it  is  advisable  to  bend  the  tube  into 


the  form  of  a spiral,  because  its  effective  length 
may  thus  be  greatly  increased  without  unduly 
adding  to  the  height  of  the  bath,  and  also 
because  the  spiral  form  is  more  efficient  than  the 
vertical.  But  Bosanoff  and  Bacon  (J.  Amer. 
Chem.  Soc.  37,  301)  find  that  an  annular  form  of 
regulated  temperature  still-head  is  far  more 
efficient  and  quite  as  simple  as  the  spiral  tube 
form.  This  class  of  still-head 
was  first  recommended  by 
Warren  (Annalen,  Suppl.  4, 

51).  A better  apparatus  was 
described  by  Brown  (Chem. 

Soc.  Trans.  37,  49  ; 39,  517) 

(Fig.  19).  A combination  of 
a regulated  temperature  still- 
head  and  dephlegmator  was 
employed  by  Young  and 
Thomas  {ibid.  71,  440)  for 
the  separation  of  normal 
and  ^sc»-pentane  from  petro- 
leum. 

Experiments  to  test  the 
relative  efficiency  of  these 
various  forms  of  apparatus 
have  been  made  by  Kreis 
(Annalen,  224,  259  ; Claudon, 

Bull.  Soc.  chim.  42,  613; 

Brown,  Chem.  Soc.  Trans. 

37,  49  ; Young,  ibid.  75, 

679;  Fractional  Distillation,  chaps.  10,  11,  and 
14;  Friedrichs,  Zeitschr.  Angew.  Chem.,  32, 
341). 

Continuous  distillation  of  wort  has  long  been 
carried  out  on  the  large  scale  by  means  of  the 
Coffey  still  (Fig.  28).  In  1902  Carveth  (J.  Phys. 
Chem.  6,  253)  and  Lord  Bayleigh  (Phil.  Mag. 
vi.  4,  521)  independently  suggested  apparatus 
intended  for  use  in  the  laboratory.  The  liquid 
to  be  distilled  (or  its  vapour)  is  introduced 
continuously  into  the  middle  part  of  a long  spiral 
or  other  still-head,  the  lower  part  of  which  is 
prevented,  by  means  of  a liquid  or  vapour- bath, 
from  cooling  below  the  boiling-point  of  the  less 
volatile  of  the  two  components,  while  the 
temperature  of  the  upper  part  is  prevented,  by 
means  of  a liquid  bath,  from  rising  above  the 
boiling-point  of  the  more  volatile  component. 
Lord  Bayleigh  obtained  good  results  in  the 
distillation  of  weak  spirit.  It  is  probable  that 
the  method  might  be  made  applicable  to  the 
distillation  of  mixtures  of  three  components 
(Fractional  Distillation,  189).  See  also  Bosanoff, 
U.  S.  Pat.  1171464.  Constant  temperature  zones 
are  utilised  to  obtain  products  of  the  desired 
composition. 

As  many  of  the  stills  used  in  the  arts  are 
described  under  the  headings  Alcohol,  Ben- 
zene, Paraffin,  &c.,  it  will  be  unnecessary 
here  to  give  a minute  description  of  all  of 
them,  but  an  account  of  the  principles  under- 
lying the  different  methods  will  not  be  out  of 
place. 

The  still  is  usually  made  of  copper  or  some 
other  metal,'  but  for  special  purposes  other 
materials  must  be  employed.  Thus  for  the 
distillation  of  sulphuric  acid,  vessels  of  glass  or 
platinum  are  used  ; for  nitric  acid,  cast  iron  is 
found  to  be  the  best  material ; stoneware  or 
glass  stills  are  employed  for  bromine  and  iodine  ; 
and  so  on. 

The  still  may  be  heated  by  the  free  flame 


DISTILLATION. 


567 


of  a furnace  or  by  steam.  Fig.  20  shows  an 
arrangement  for  heating  a still  with  steam, 
which  may  be  above  the  atmospheric  pres- 
sure. 

When  only  a rough  separation  of  the  consti- 
tuents of  a complex  mixture  is  required,  as  in 


fl 


the  preliminary  distillation  of  coal  tar,  dephleg- 
mators  or  rectifiers  are  not  employed,  but  the 
vapours  pass  directly  from  the  still  to  the  con- 
denser. 

For  the  better  separation  of  the  components 
of  a mixture,  modified  still-heads  are  employed. 
A simple  apparatus,  devised  by  Mansfield  for  the 
distillation  of  tar  oils,  is  shown  in  Fig.  21  ; the 
vapours  are  partially  condensed  in  the  still-head 
A,  which  is  cooled  by  water,  and  the  condensed 
liquid  flows  back  into  the  still  b,  the  purified 
vapour  passing  on  to  the  condenser  c. 


A more  perfect  separation  is  effected  by 
Coupier’s  apparatus  (Fig.  22).  In  addition  to  the 
column  A,  there  is  a series  of  bulbs,  b,  b,  placed  in 
a cistern  containing  brine,  which  may  be  heated 
by  steam  by  means  of  the  pipe  c.  The  vapour — 
of  benzene,  for  example — partially  freed  from 
less  volatile  substances  in  the  column,  is  further 
purified  by  partial  condensation  in  the  bulbs,  the 
condensed  liquid  flowing  back  by  the  tubes  n,  d 
into  the  column,  while  the  purified  vapour  passes 
on  to  the  condenser  by  the  pipe  e. 

A very  similar  arrangement  is  seen  in  the 
French  column  apparatus  (Fig.  23).  The  liquid 
is  heated  bj^  a steam  coil  in  a ; the  vapour  is 


partially  purified  in  the  rectifier  b ; it  is  further 
freed  from  the  less  volatile  components  in^the 


condensing  apparatus  c,  and  finally  reaches  the 
condenser  d. 


In  Savalle’s  apparatus  also  the  vapours  pass 
first  through  a dephlegmator  "or  analysing 
column,  then  through  a 
surface  or  multitubular 
condenser,  which  is  pro- 
vided with  a water  supply, 
so  regulated  that  its 
temperature  is  about  that 
of  the  boiling-point  of  the 
liquid  required  ; the  liquid 
condensed  in  the  regulated- 
temperature  still-head  re- 
turns to  the  dephlegmator, 
and  the  purified  vapour 
passes  on  to  the  cold  con- 
denser. 

In  most  of  the  still-heads 
employed  on  the  large  scale, 
the  vapour  first  passes 
through  a dephlegmator, 
the  construction  of  which  i 
varies  considerably  in  dif-  !l 
ferent  cases.  Dubrunfaut’s  24. 

dephlegmator,  employed  in 
the  French  column  apparatus,  is  shown  in 
Fig.  24.  Two  others,  devised  by  Savalle,  are 
represented  in  Figs.  25  and  26. 
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In  the  Ergot  dephlegmator  an  arrange- 
ment somewhat  similar  to  the  dome  (Fig.  24) 
is  used,  but  a large  number  of  these  domes  are 
placed  in  each  tray,  and  the  condensed  liquid  is 
made  to  follow  a zigzag  course  from  the  circum- 
ference to  the  centre  of  each  tray. 


l—T’ 


Fig.  25.  Fig.  26 


The  principle  of  the  still-head  in  the  Pistorius 
still  is  quite  different.  The  vapour,  entering  a 
section  (Fig.  27)  of  the  still-head,  is  deflected 
from  centre  to  circumference  by  the  flat  dome  ; 
it  then  passes  back  to  the  centre  above  the 
dome,  and  is  partially  condensed  by  the  water 
in  the  shallow  vessel  above.  It  may  be  pointed 
out  that  if,  in  the  Pistorius  still-head,  the  ‘ roof  ’ 


of  the  section  were  depressed  at  the  centre 
instead  of  the  circumference,  the  condensed 
liquid  would  drop  on  to  the  flat  dome  below, 
and  the  arrangement  would  then  be  somewhat 


Kubierschky  (Ger.  Pat.  269995.  1913)  has 
devised  an  excellent  column  in  which  the  liquid 


K L 


falls  in  drops  through  perforated  plates,  whilst 
the  vapour  passes  freely  upwards  and  down- 
wards, travelling  from  centre  to  circumference 
and  from  circumference  to  centre  alternately, 
coming  into  intimate  contact  with  the  falbng 
drops. 

A simple  and  efficient  still-head  has  been 
described  by  Foucar  (Eng.  Pat.  19999  of  1908). 
The  column  consists  essentially  of  a helical 
septum  which  traverses  the  annular  space 


between  two  concentric  cylinders.  The  vapour 
from  the  still  passes  up  the  long  spiral  passage 
before  reaching  the  condenser.  The  inner 
cylinder  can,  if  desired,  be  used  as  a thermostat, 
the  column  then  acting  as  a regulated-tempera- 
ture still-head.  Dutton  (J.  Soc.  Chem.  Ind.  38, 
45  T.)  has  described  a still-head,  suitable  for 
laboratory  work,  somewhat  similar  in  principle 
to  Foucer’s.  A spiral  of  wire  is  wound  round  an 
inner  closed  tube  which  fits  quite  loosely  in  the 
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outer  tube  of  the  still-head.  But  excessive  con- 
densation, with  consequent  priming,  must  be 
prevented  by  covering  the  tube  with  a thick 
layer  of  cotton  wool.  The  still- head  is  stated  to 
give  very  good  results. 

A.  Hirsch  (J.  Ind.  Eng.  Chem.  1910,  2,  409) 
recommends  the  use  of  a differential  condenser 
in  the  still- head,  in  the  form  of  a spiral  of  metal 
tubing,  through  which  a current  of  water  of 
regulated  initial  and  final  temperature  is  caused 
to  flow.  The  apparatus  works  easily  and  well 
so  long  as  the  temperature  of  the  vapour  leaving 
the  still-head  is  considerably  lower  than  that  of 
the  vapour  entering  it ; but  the  difficulty  of 
regulation  increases  greatly  as  this  temperature- 
difference  diminishes. 

For  work  on  the  large  scale  Hirsch  recom- 
mends the  introduction  of  a differential  con- 
denser between  the  lower  and  upper  parts  of 
a rectifying  column. 

In  England,  the  Coffey  still  is  largely  used  ; 
it  differs  considerably  from  those  described,  in- 
asmuch as  there  is  no  large  boiler,  and  the  heat 
is  supplied,  not  from  an  outer  fire  or  steam- 
jacket,  but  by  the  condensation  of  steam  in  the 
wort ; moreover,  the  process  is  continuous.  The 
essential  parts  of  the  apparatus  are  shown  in  Fig.  28 
(p.  568).  The  wort  is  pumped  from  a reservoir  a, 
up  the  pipe  b,  and  passes  down  the  zigzag  pipe 
cc,  where  it  is  heated  by  the  ascending  vapours, 
then  up  the  pipe  d,  from  which  it  is  discharged 
into  the  column  e.  It  is  prevented  from  falling 
through  the  perforated  plates  of  the  column  or 
analyser  by  the  ascending  vapours,  but  falls 
through  the  pipes  f,  f,  from  one  plate  to  another 
until  it  reaches  the  bottom,  when  it  is  allowed 
to  escape.  Meanwhile,  steam  is  passed  into  the 
analyser  e by  the  pipe  h,  and  causes  the  wort  to 
boil,  so  that  by  the  time  it  has  reached  the 
bottom  it  is  completely  deprived  of  alcohol. 
The  ascending  vapours  force  their  way  through 
the  perforated  plates  of  the  analyser,  a portion 
of  the  aqueous  vapour  being  condensed  by  each 
washing,  and  the  descending  wort  being  thereby 
heated.  On  reaching  the  top  of  the  column,  the 
concentrated  alcoholic  vapour  passes  down  the 
pipe  K into  the  rectifier,  and  there  ascends 
through  similar  perforated  plates  ; but  in  the 
rectifier  it  is  not  washed  by  wort,  but  by  the 
weak  alcohol  formed  by  the  previous  condensa- 
tion of  vapour.  This  dilute  alcohol,  on  reaching 
the  bottom  of  the  rectifier,  flows  off  into  a reser- 
voir, from  which  it  is  pumped  into  the  top  of 
the  analyser,  where  it  mixes  with  the  descending 
wort.  In  the  upper  part  of  the  rectifier  there 
are  simply  shelves,  which  compel  the  vapour  to 
take  the  same  zigzag  course  as  the  pipe  which 
conveys  the  wort  downwards.  The  purified  and 
concentrated  vapour  then  passes  through  the 
pipe  L to  the  condenser.  In  modern  continuous 
stills  of  the  Coffey  type  there  are  special 
arrangements  for  the  separation  of  {a)  volatile 
impurities  sach  as  aldehyde,  (&)  pure  rectified 
spirit,  (c)  fusel  oil.  For  details  the  articles  on 
Alcohol,  etc.,  should  be  consulted.  S.  Y. 

DISTYRENE  Produced  by  heating 

styrene  (q.v.)  with  hydrochloric  acid  at  170° 
(Erlenmeyer,  Annalen,  135,  122).  Also,  together 
with  distyrenic  acid  and  carbon  dioxide,  by 
prolonged  boiling  of  cinnamic  acid  with  diluted 
sulphuric  acid  (Fittig,  Ber.  12,  1739-1744  ; 
Erdmann,  Annalen,  216,  179-199). 


A colourless  optically  inactive  oil,  with  a 
blue  fluorescence,  which  gradually  disappears  ; 
sp.gr.  1-016  at  15°;  b.p.  311°.  On  prolonged 
boiling  yields  toluene,  isopropylbenzene,  and 
some  styrene  ; whereas  meto-styrene, "^produced 
from  styrene  on  keeping,  or|heating’  in  sealed 
tubes  at  200°  (Kovalevsky,  Annalen,  120,  66), 
or  with  aqueous  sodium  bisulphite  at  110° 
(Miller,  ibid.  189,  341),  passes  almost  quantita- 
tively into  styrene  at  320°  (Stobbe  and  Posjnak, 
ibid.  371,  259-286). 

Distyrene  yields  benzoic  acid  on  oxidation 
with  chromic  acid ; and  a crystalline  dibromide 
CieHigBrg  (m.p.  102°)  on  brominating  in  carbon 
disulphide  solution. 

According  to  Stobbe  and  Posjnak  (Annalen, 
371, 287-302),  distyrene  is  ay-diphenyl- A“-butene 

C6H5-CH=CH-CH(CH3)-C6H5 

Distyrene  disulpJionic  acid  (dicinnamene 
disulphonic  acid)  CigHi4(S03H)2,  described  by 
Lange  as  obtained  on  heating  y-truxillic  acid 
with  sulphuric  acid  (Ber.  27,  1410-1415),  is 
therefore  not  a derivative  of  distyrene. 

Solid  distyrene ; m.p.  124° ; obtained  by 
distilling  cinnamic  acid  or  its  calcium  salt 
(Engler  and  Leist,  Ber.  6,  256  ; Miller,  Annalen, 
189,  340),  and  by  passing  CgHg-CaHaBr^  over 
red-hot  lime  (Radziszewsffi,  Ber.  6,  494),  has 
been  shown  by  Erlenmeyer  (Annalen,  372, 
249-251)  to  be  stilbene. 

piSULPHO  ACID_  S.  Delta  acid,  1 - NaphthyU 
umme-4  ; S-disnlphonic  acid  v.  Naphthalene. 

DITA  BARK.  Satween  (Ph.  J.  Trans.  [3]  7, 
110).  The  bark  of  Alstonia  scholais  (R.  Br.), 
an  apocynaceous  tree  found  in  India,  the 
Philippines,  Eastern  Australia,  and  tropical 
Africa  (Ber.  11,  2234).  ^ 

According  to  Harnack  {ibid.  11,  2004; 
Chem.  Soc.  Trans.  [2]  36,  332),  it  contains  only 
one  base,  ditaine,  a basic  glucoside,  having  the 
composition  C22II30N2O4  ; but  Hesse  (Annalen, 
203,  144;  Ber.  13,  1750;  Pharm.  J.  [3]  11, 
251,  331)  found  in  it  three  bodies  : ditamine, 
echitamine  (echitammonium  hy- 
droxide), C2  2H28N204,H20,  melting  with  decom- 
position at  106°  (this  base  is  identical  with 
Harnack’s  ditaine) ; and  echitenine  C20H27NO4, 
a brown  amorphous  mass,  melting  above  120°, 
soluble  in  chloroform,  alcohol,  and  ether.  It 
dissolves  in  nitric  acid  with  the  production  of  a 
purple-red  colour  which  quickly  passes  through 
green  into  yellow. 

The  milky  juice  of  this  tree  has  the  same 
properties  as  guttapercha ; when  inspissated  it 
softens  in  boiling  water,  is  soluble  in  turpentine 
and  chloroform,  and  receives  and  retains  impres- 
sions. A decoction  of  the  bark  is  used  as  an 
astringent  tonic. 

DITAINE  V.  Dita  bark. 

DITHION,  Trade  name  for  sodium  dithio- 
salicylate  : used  as  an  antirheumatic. 

DITTANY.  The  root  of  Dictamnus  albus 
(Linn.)  (ord.  Rutacece),  a native  of  the 
south  of  Europe.  It  contains  a volatile  oil,  and 
also  resin,  bitter  extractive  matter,  and  gum  ; 
and  was  formerly  employed  in  medicine, 
especially  for  the  treatment  of  epilepsy  (Aldis, 
Lond.  Med.  Gaz.  19,  142). 

‘ Cretan  Ditany  ’ is  the  common  name  for  Ori- 
qanum  dictamnus  (Linn.),  a native  of  the  Levant. 

DIURETIN.  A compound  of  sodium 
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theobromine  and  sodium  salicylate  {v.  Synthetic 
drugs). 

DIVICINE  V.  ViciNE. 

DIVI-DIVI,  Divi-divi  consists  of  the  dried 
pods  of  the  Gcesalpinia  coriarice  (Willd.),  a tree 
20-30  feet  high,  found  in  the  West  Indies  and 
Central  America.  The  pods  are  about  3 inches 
long  and  f inch  broad,  are  very  thin,  and 
frequently  resemble  in  shape  the  letter  S. 
From  40  to  45  p.c.  of  tannin  is  present,  which 
consists  of  ellagitannin  and  probably  also 
gallotannin.  Extracts  of  this  material  have 
a somewhat  unfortunate  tendency  to  ferment, 
with  simultaneous  development  of  a deep-red 
colouring  matter  ; but  this  can  be  prevented  to 
some  extent  by  the  use  of  antiseptics.  Divi-divi 
is  largely  imported  for  the  preparation  of 
leather,  and  is  also  employed  for  black  dyeing, 
but  its  use  is  far  more  limited  in  this  latter 
respect  than  myrabolans.  A.  G.  P. 

DOCIMAC Y or  DOCIMASY.  {Docimasie,  Fr. ) 
Originally  the  act  or  art  of  examining  by  test 
{doKipaaia,  a test),  applied  in  metallurgy  to  ex- 
periments made  to  determine  the  nature  and 
purity  of  a metal ; in  pharmacy,  to  the  testing  of 
medicines  and  poisons ; in  medical  jurispru- 
dence, to  the  different  proofs  to  which  the  lungs 
of  a new-born  child  are  subjected,  for  the 
purpose  of  ascertaining  whether  it  was  born 
alive  or  dead  (Dunglison).  Usually  employed 
in  chemistry  as  synonymous  with  assaying. 
w-DODECANEDICARBOXYLIC  ACID 


dykes,  and  sills ; and  very  often  they  pass 
imperceptibly  into  basalts.  The  texture  may 
be  coarse  enough  for  the  individual  mineral  to 
be  distinguishable  to  the  unaided  eye,  or  it 
may  be  so  fine  that  these  can  only  be  distin- 
guished in  thin  sections  under  the  microscope. 
In  the  latter  case  the  rock  is  compact  and  dark 
greenish-black  or  black  in  colour.  Often,  owing 
to  the  presence  of  secondary  minerals,  the  colour 
is  distinctly  green,  and  the  rock  is  then  fre- 
quently included  under  the  general  term 
‘ greenstone.’  The  specific  gravity  ranges 
from  2 '8  to  3*0,  and  the  crushing  strength  is 
about  1500  tons  per  square  foot.  The  following 
analyses  are  of  dolerite  from  I,  Rowley  Regis, 
Staffordshire  ; II,  Glee  Hill,  Shropshire ; III, 
quartz -dolerite  from  the  Whin  Sill,  Co.  Durham 
(including  MnO  0‘16,  COg  0'19,  P2O5  0-25, 
FeSa  0’49)  ; IV,  olivine -dolerite  from  Skye 
(including  MnO  0-17,  BaO  0-06,  P2O5  0‘17). 


I. 

II. 

III. 

IV. 

Si02  . 

. 49-0 

48-4 

51-22 

50-33 

TiOg 

. 2-8 

3-1 

2-42 

1-81 

AI2O3 

. 15-3 

13-4 

14-06 

19-97 

FegOg 

2-6 

4-0 

4-32 

2-81 

FeO 

8-2 

8-5 

8-73 

6-23 

CaO 

8-2 

8-6 

8-33 

8-03 

MgO 

. 4-9 

6-5 

4-42 

3-24 

K3O  . 

. 2-6 

2-1 

1-25 

1-19 

NagO 

. 2-5 

3-1 

2-55 

4-30 

H3O  . 

. 3-3 

2-2 

1-28 

1-86 

C02H(CH2)i2C02H 

Prepared  by  hydrolysing  the  diethyl  ester 
obtained  by  the  electrolysis  of  an  aqueous 
solution  of  the  monoethyl  ester  of  suberic  acid 
(Brown  and  Walker,  Annalen,  261,  123)  ; or  by 
the  oxidation  of  chaulmoogric  acid,  obtained 
from  chaulmoogra  seeds  (Barrowcliffe  and 
Power,  Chem.  Soc.  Trans.  1907,  568) ; m.p.  123°. 
DODECATOIC  ACIDS 

1.  Laurie  acid,  found  by  Marsson  in  laurel  fat, 
a glyceride  obtained  from  Laurus  nobilis  (Linn.) 
(Marsson,  Annalen,  41,  330) ; also  present  in 
cocoa-nut  oil  (Gorgey,  ibid.  66,  295),  in  pichurin 
beans,  in  Dika  bread,  and  in  the  fruit  of  Cylico- 
daphne  sebifera  (Oudemans,  Zeitsch.  Chem. 
1867,  256)  ; m.p.  43 '5  ; (m.p.  47’5°-48°,  Levene 
and  West) ; sp.gr.  0-883/20°  and  0-875/43-6°; 
b.p.  225-5°  (100  mm.). 

2.  Hordeic  acid  is  found  among  the  products 
of  the  distillation  of  dried  barley  with  dilute 
sulphuric  acid ; forms  crystalline  plates ; 
m.p.  60°  (Beckmann,  J.  1855,  513). 

DOG-TOOTH  SPAR.  The  scalenohedral  form 
of  calcspar  {v.  Calcite  or  Calcspar). 

DOLERITE.  An  igneous  rock  composed 
essentially  of  plagioclase-felspar  (labradorite  to 
anorthite)  and  augite,  and  of  the  same  general 
chemical  and  mineral  composition  as  the  coarse- 
grained plutonic  gabbros  and  the  fine-grained 
volcanic  basalts,  but  intermediate  in  texture 
between  these  two  extreme  types.  Other 
minerals  may  also  be  present,  especially  olivine, 
giving  the  varieties  olivine -dolerite,  enstatite- 
dolerite,  hornblende -dolerite,  mica-dolerite, 
and  quartz -dolerite.  Accessory  minerals,  usually 
present,  are  magnetite  and  ilmenite ; and 
secondary  minerals,  produced  by  alteration, 
include  quartz,  calcite,  epidote,  chlorite,  and 
serpentine.  Dolerites  occur  as  intrusive  veins. 


Dolerites  are  of  wide  distribution  and  are 
much  quarried  for  road-metal  and  paving-setts. 
Being  difficult  to  work  and  of  a dull  colour,  they 
are  not  much  used  as  building  stones  {v.  Diabase). 


L.  J.  S. 

DOLOMITE.  This  term  includes  both  dolo- 
mite-spar and  dolomite-rock,  both  of  which  are 
often  referred  to  simply  as  dolomite.  They  bear 
the  same  relation  to  one  another  as  calcite  (calc- 
spar) to  limestone,  and  as  quartz  to  quartzite ; 
these  being  cases  in  which  a single  mineral 
species  builds  up  a rock-mass.  The  name 
dolomite,  after  the  French  geologist,  D.  G.  Dolo- 
mieu  (1750-1801),  was  first  applied  to  the  rock, 
being  later  extended  to  the  crystallised  mineral. 
The  rock  is  now  often  referred  to  as  dolomitic 
limestone  or  magnesium  limestone. 

The  pure  mineral  {Dolomite-spar)  is  a double 
salt  of  calcium  and  magnesium  carbonates, 
CaMg(C03)2 ; containing  CaCOg  54-28,  MgCOg 
45-72  p.c.,  or  CaO  30-42,  MgO  21-86  p.c.  It  is 
a member  of  the  isomorphous  series  of  rhombo- 
hedral  carbonates  (calcite  group),  and  has  an 
angle  of  73°  45’  between  the  surfaces  of  the  perfect 
rhombohedral  cleavages.  It,  however,  differs 
from  the  other  members  of  the  group  in  the 
degree  of  symmetry  of  its  crystals,  which  are 
hemihedral  with  parallel  faces.  It  further  differs 
from  calcite  in  the  fact  that  it  never  shows 
lamellar  twinning  on  the  obtuse  negative 
rhombohedron.  The  most  usual  form  of 
crystal  is  the  primary  rhombohedron,  the  faces 
of  which  are  parallel  to  the  cleavage  directions 
(this  being  an  unusual  form  in  calcite,  except 
in  combination  with  other  forms).  The  faces 
are  frequently  curved,  sometimes  to  such  an 
extent  that  the  crystals  .are  saddle-shaped. 
The  most  perfect  crystals,  such  as  those  found 
in  the  crystalline  dolomite  rock  of  the  Binnenthal 
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in  Switzerland,  are  colourless  and  transparent 
with  a vitreous  lustre.  More  often  the  crystals 
are  white  or  creamy- white  and  opaque  with  a 
pearly  lustre  ; hence  the  popular  name  pearl- 
spar.  The  mineral  is  harder  (H.  3^-4)  and  denser 
(sp.gr.  2 •85)  than  calcite.  It  may  be  readily 
distinguished  from  the  more  commonly- occurring 
calcite  by  the  fact  that  it  is  only  slightly  attacked 
by  cold  dilute  acid  ; in  hot  acid  it  dissolves  with 
a brisk  effervescence.  Dolomite  is  much  less 
soluble  in  water  containing  carbon  dioxide  (3 
parts  in  10,000  at  18°)  than  is  calcite.  Various 
micro -chemical  tests  have  been  devised  for  the 
purpose  of  distinguishing  dolomite  and  calcite, 
especially  in  thin  sections  of  rocks.  Lemberg’s 
solution  contains  aluminium  chloride  and  a 
staining  material  (haematoxylin  or  an  aniline 
dye) ; a stained  film  of  aluminium  hydroxide 
deposits  on  calcite,  but  not  on  dolomite.  The 
composition  of  dolomite  may  be  varied  somewhat 
by  isomorphous  replacement.  Iron  and  man- 
ganese may  replace  magnesium,  forming  a 
passage  through  brown-spar  to  ankerite  (q.v.). 
Zinc  or  cobalt  is  also  sometimes  present  in  small 
amount.  Any  excess  of  calcium  over  the  double 
salt  ratio  may  perhaps  to  some  extent  be  present 
in  isomorphous  mixture,  but  more  often  it  is 
probably  present  as  mechanically  admixed 
calcite.  kSimple  ratios  of  CaCOg  : MgCOg  other 
than  the  1 : 1 of  ‘ normal  dolomite,’  probably  do 
not  exist.  Several  trivial  names  have  been 
applied  to  varieties  of  dolomite  showing  pecu- 
liarities of  structure  or  supposed  differences  in 
composition ; the  analyses  have  not,  however, 
always  been  made  on  well-crystallised  material. 

The  best  crystallised  specimens  of  dolomite 
are  met  with  in  mineral  veins  and  other  metal- 
liferous deposits.  For  exa-mple,  with  iron  ores 
at  Traversella  in  Piedmont,  and  Cleator  Moor 
in  Cumberland ; with  lead  and  zinc  ores  at 
Laxey  in  the  Isle  of  Man,  and  J oplin  in  Missouri ; 
with  silver  ores  at  Schemnitz  in  Hungary,  and 
Guanaxuato  in  Mexico.  Crystalline  masses 
occur  in  serpentine,  talc-schist,  and  other  mag- 
nesian silicate  rocks.  As  a rule,  only  quite 
small  crystals  are  found  in  dolomite  rocks,  but 
occasionally  good  crystals  are  found  in  cavities. 

Dolomite  rock,  dolomitic  or  magnesian  lime- 
stone, is,  as  a rule,  more  indefinite  in  its  cha- 
racters and  composition,  since  here  the  dolomite 
mineral  is  mixed  with  other  mineral  substances, 
such  as  calcite,  carbonates  of  iron  and  manganese, 
oxide  and  hydroxides  of  iron,  argillaceous  matter, 
quartz,  etc.  With  increasing  calcite  the  rock 
may  pass  into  ordinary  limestone  ; and  some 
authors  restrict  the  term  ‘ magnesian  limestone  ’ 
to  rocks  intermediate  between  ‘ normal  dolo- 
mite ’ and  ordinary  limestone.  The  presence  of 
calcite  in  a magnesian  limestone  containing  a 
molecular  excess  of  calcium  over  magnesium 
may  be  demonstrated  by  etching  a polished 
surface  or  a thin  section  with  cold  dilute  acid, 
when  the  calcite  will  be  readily  dissolved  out 
leaving  pits  ; or  by  means  of  the  staining  test 
with  Lemberg’s  solution  mentioned  above. 

The  purest  dolomite  rocks  are  the  snow- 
white  crystalline  dolomite  marbles  of  the  Swiss 
Alps,  Norway,  &c.,  which  have  sometimes  the 
character  of  a statuary  marble  and  can  be  used 
for  ornamental  purposes.  More  often,  however, 
the  rock  is  yellowish,  grey,  creamy,  or  brown, 
and  very  often  cavernous  in  texture.  It  is 


usually  minutely  crystalline,  consisting  of  an 
aggregate  of  tiny  rhombs  of  dolomite -spar  more 
or  less  firmly  held  together,  but  at  times  quite 
loose  and  sandy.  Dolomite  rock  is  of  wide 
distribution  and  is  met  with  in  sedimentary 
strata  of  all  geological  periods.  In  England 
a long  narrow  outcrop  extends  along  the  eastern 
slopes  of  the  Pennines  from  Nottinghamshire 
to  the  Durham  coast.  This  has.  long  been 
extensively  quarried  as  a building  stone,  the 
principal  quarries  being  near  Anston  in  York- 
shire, Bolsover  Moor  in  Derbyshire,  and  Mans- 
field Woodhouse  in  Nottinghamshire.  Here  the 
rock  is  of  Permian  age.  In  the  Dolomite  moun- 
tains of  southern  Tyrol  the  rock  is  of  Triassic 
age,  whilst  that  of  Swabia  belongs  to  the  Jurassic 
formation. 

The  origin  of  dolomite  rock  has  been  a subject 
of  much  speculation  and  experimental  work  of  a 
chemical  character.  A review  is  given  in 
Doelter’s  Handbuch  der  Mineralchemie,  1912, 
vol.  i.  (here  also  is  given  a large  collection  of 
analyses,  methods  of  analyses,  &c.).  That  of 
Permian  age,  which  is  usually  associated  with 
beds  of  gypsum  and  rock-salt,  is  supposed  to 
have  been  deposited  as  the  double  carbonate  by 
chemical  precipitation  from  the  salt  waters  of 
inland  seas.  In  some  other  cases  the  rock  has 
been  formed  by  the  action  of  magnesium-bearing 
solutions  on  limestone  ; either  contemporane- 
ously and  progressively  with  the  formation  of 
the  limestone  (as  proved  by  the  dolomitisation 
of  coral-limestone — the  magnesium  in  this  case 
being  derived  from  sea-water)  ; or  long  subse- 
quently by  the  action  of  subterranean  mineral- 
waters  percolating  along  the  bedding  and  joint 
planes  (as  in  the  Carboniferous  Limestones  of 
Derbyshire  and  South  Wales).  Or  again,  it 
may  have  been  formed  by  weathering  and  the 
solution  of  the  more  soluble  calcium  carbonate 
from  limestones  containing  a small  proportion 
of  magnesium. 

The  following  are  analyses  of  dolomite  roek  : 
I,  from  Bolsover,  Derbyshire ; II,  Mansfield, 
Nottinghamshire  ; III,  Anston,  Yorkshire  ; IV, 
Southern  Tyrol  : — 


I. 

II. 

III. 

IV. 

CaO  . 

. 28-6 

29-0 

30-7 

31-4 

MgO 

. 19-2 

20-4 

20-6 

19-2 

FegOg,  AlgO 

3 1-8 

— 

0-73 

1-2 

SiOa  . 

. 3-6 

3-7 

0-56 

1-0 

CO2  . 

. 43-5 

44-9 

46-7 

46-1 

H,0  . 

. 3-3 

2-1 

0-75 

— 

The  economic  applications 

of  dolomite  are 

confined  to 

the  rock. 

since  this  is  much  more 

plentiful  and  of  wider  distribution  than  the 
crystallised  mineral.  Its  principal  use  is  as  a 
building  stone.  For  this  purpose  it  is  more 
suitable  than  ordinary  limestone,  being  harder 
and  more  resistant  to  solvents,  but  it  needs  to 
be  carefully  selected.  It  is  also  used  for  paving 
and  road-metal.  The  Houses  of  Parliament  are 
built  of  stone  from  the  three  English  localities 
noted  above  (Anal.  I-III).  The  stones  from 
these  quarries  have  a crushing  strength  of  484- 
883  tons  per  square  foot,  absorption  of  4‘6-7’5 
p.c.,  and  weigh  134-152  lbs.  per  cubic  foot. 
Certain  varieties  of  dolomite  rock  (dolomite 
marble)  find  an  application  as  an  ornamental 
stone.  Dolomite  rock  is  also  extensively  used 
for  the  basic  linings  of  Bessemer  converters  and 
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open-hearth  furnaces  in  the  manufacture  of 
steel.  For  this  purpose  the  rock  is  calcined 
until  it  commences  to  sinter,  crushed,  mixed 
with  gas-tar,  and  moulded  in  the  furnaces  or 
shaped  into  bricks.  The  best  result  is  obtained 
when  the  rock  contains  3-4  p.c.  of  Fe203  and 
AloOg,  and  about  2|  p.c.  of  SiOj.  (On  British 
sources  of  dolomite  rock  for  use  as  a refractory- 
material,  V.  ^Mineral  Resources  of  Great  Britain, 
Mem.  Geol.*  Survey,  1918,  vol.  vi.)  The  rock 
is  completely  burnt  or  half  burnt  below  a red 
heat  (giving  HgO+CaCOg)  for  the  preparation 
of  cements  and  plasters  ; when  it  contains  quite 
a small  amount  of  argillaceous  matter  it  gives 
a good  hydraulic  cement.  It  is  also  burnt  for 
agricultural  purposes,  and  is  said  to  be  especially 
beneficial  for  leguminous  crops.  It  is  a readily 
available  source  for  the  manufacture  of  magne- 
sium compounds,  e.g.  Epsom  salts,  magnesium 
chloride,  magnesia  alba ; but  in  this  direction 
it  was  not  able  to  compete  -with  the  large  quanti- 
ties of  soluble  magnesium  salts  obtained  as 
by-products  from  the  Prussian  salt-deposits. 
Various  processes  have  been  suggested  for 
extracting  the  magnesia  for  use  as  a refractory 
material.  In  one,  the  calcined  dolomite  is 
mixed  with  magnesium  chloride,  forming 
calcium  chloride  which  is  readily  removed  in 
solution.  In  another,  the  calcined  dolomite 
is  treated  with  a solution  of  sugar,  when  the 
calcium  passes  into  solution  as  saccharate,  from 
which  the  sugar  can  be  recovered  by  precipita- 
ting the  calcium  as  carbonate  with  carbon 
dioxide.  When  half  burnt  to  MgOH-CaCOg 
the  magnesia  can  be  extracted  by  carbonated 
water  under  pressure.  The  pure  white  dolomite 
marble  is  used  for  the  manufacture  of  pure 
carbon  dioxide  for  use  in  the  manufacture  of 
aerated  waters.  L.  J.  S. 

DOMEYKITE.  A copper  arsenide,  CugAs, 
corresponding  to  copper  71  '7  and  arsenic  28-3  p.c. 
It  occurs  in  reniform,  botryoidal,  and  compact 
masses,  of  white  or  grey  colour,  with  metallic 
lustre,  rapidly  tarnishing.  H.=3-3*5;  sp.gr. 
7-7 '5.  Readily  fusible  before  the  blowpipe, 
with  emission  of  arsenical  vapours.  Soluble  in 
nitric  acid,  but  not  in  hydrochloric  acid.  It  is 
found  at  Coquimbo  and  Copiapo  in  Chile,  at 
Cerro  las  Paracatas  in  Mexico,  and  at  Zwickau 
in  Saxony. 

Several  other  arsenides  of  copper,  more  or 
less  like  domeykite,  are  known.  The  Algodonite 
of  F.  Field  is  CugAs,  and  occurs  at  the  Algodones 
mine,  near  Coquimbo.  Whitneyite,  from  Hough- 
ton Co.,  Michigan,  U.S.,  described  by  F.  A. 
Genth,  is  CugAs  ; and  D.  Forbes’s  Darwinite, 
named  after  Charles  Darwin,  is  a similar  mineral 
from  near  Copiapo.  Gondurrite,  from  Condurrow 
mine,  Cornwall,  appears  to  be  a mixture  of 
arsenide  of  copper  with  various  oxidised  pro- 
ducts derived  from  the  alteration  of  tennanite  or 
some  kindred  species.  The  names  Keweenawite, 
Mohaivlcite,  and  Ledouxite  have  been  applied 
to  various  copper  arsenides  from  Michigan,  in 
which  the  copper  is  in  part  replaced  by  nickel 
and  cobalt.  L.  J.  S. 

DONARITE.  An  explosive  consisting  of  a 
mixture  of  ammonium  nitrate  (80  pts.),  tri- 
nitrotoluene (12  pts.),  nitroglycerine  (3 '8  pts.), 
gun-cotton  (0-2  pt.,  flour  (4  pts.). 

DORMIGENE.  A urea  derivative  of  a-bromo- 
e6’o valerianic  acid.  Used  as  a nervous  sedative.  ! 


DORMIOL.  A condensation  product  of 
chloral  and  tertiary  amyl  alcohol.  V.  Synthetic 

DRUGS. 

DOSS.  Japanese  name  for  a dyewood  from 
an  evergreen  tree  Ilex  Mertensii  (Maxim.),  found 
in  the  Ogasawara  and  Okinawa  Islands.  Con- 
tains a dyestuff,  dossetin  CjgHgOg,  crystallising 
in  yellow  needles  ; m.p.  271  -272°  (Ito,  J.  Soc. 
Chem.  Ind.  1908,  440). 

DOUBLE  SCARLET,  BRILLIANT  SCARLET 

V.  AZO-  COLOURING  MATTERS. 

DRACYL.  An  obsolete  synonym  for  toluene. 

DRAGON’S  BLOOD.  A resin  used  as  a red 
pigment  (v.  Pigments  ; also  Resins). 

DRIERS  (in  the  United  States  also  termed 
‘ Japans  ’)  is  the  trade  term  for  those  metallic 
oxides,  chiefly  oxides  of  lead,  manganese  (litharge, 
red  lead,  manganese  dioxide)  and  cobalt  or  their 
inorganic  salts,  which  were  formerly  used  exclu- 
sively in  the  process  of  oil  boiling  as  ‘ driers.’ 
More  recently  acetate,  oxalate,  and  borate  of 
manganese  have  been  employed.  Since  metallic 
salts  of  abietic  acid  have  the  same  property,  such 
salts  are  also  manufactured  as  ‘ driers.’  They 
are  obtained  either  by  precipitating  rosin  soap 
solutions  with  solutions  of  metallic  salts,  or  by 
fusing  together  a metallic  oxide  with  colophony. 
Hence  these  are  distinguished  in  commerce  as 
‘ precipitated  ’ driers,  and  ‘ fused  ’ driers.  The 
latter  are  readily  diseriminated  from  the  former 
by  their  not  containing  any  moisture.  Metallic 
salts  of  linseed  oil  fatty  acids  are  now  used 
as  driers  ; they  can  be  prepared  either  by  pre- 
cipitation or  by  the  drj?-  process,  hence  both 
‘ precipitated  ’ manganese  linoleate,  ‘ precipi- 
tated ’ lead  linoleate,  and  ‘ fused  ’ manganese 
linoleate,  &c.,  are  obtainable.  The  driers  pre- 
pared from  linseed  oil  fatty  acids,  as  also 
from  rosin  (colophony),  are  soluble  in  oil  of 
turpentine,  ether,  chloroform,  and  linseed  oil 
itself.  Hence  they  are  also  termed  in  commerce 
‘ soluble  driers.’  Solutions  of  these  driers  in 
linseed  oil  or  in  turpentine  oil,  or  in  a mixture 
of  both,  are  obtainable  in  commerce  under  the 
name  ‘ liquid  driers,’  ‘ terebene,’  and  other 
fancy  names. 

The  function  of  these  driers  appears  to  be  to 
absorb  oxygen  from  the  air  and  transfer  it 
to  the  linseed  oil,  thus  accelerating  its  drying 
to  a flexible  film  when  exposed  to  the  air.  On 
this  assumption,  the  fact  that  litharge  and 
manganese  dioxide  act  as  driers  will  be  best 
explained  by  stating  that  at  the  high  tempera- 
ture at  which  linseed  oil  is  ‘ boiled,’  the  oxides 
saponify  the  linseed  oil,  forming  therewith  lead 
or  manganese  soaps,  which  then  act  in  their 
turn  in  the  manner  indicated  above.  From 
experiments  on  the  behaviour  of  cerium  salts 
obtained  from  various  drying  oils,  Morrell  (Chem. 
Soc.  Trans.  1918,  113,  111)  concludes  that  a 
change  occurs  in  the  intra-molecular  linkings 
when  drying  oils  are  polymerised  by  heat.  The 
action  of  cerium  a-elseostearate  (from  tung  oil) 
as  a drier  may  be  represented  by  the  following 
scheme  : — 

CeXg  or  CeOXg  Ce2(X02)6 
j Ce0(X03)e-[- drying  oil 

CeXg  + O-CHY 

I [oxidised  oil] 
O.CHZ 

Tliis  representation  is  also  in  accord  with  the 
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conclusions  of  Ingle  (J.  Soc.  Chem.  Ind.,  1917, 
318)  as  to  the  behaviour  of  lead  linolenate. 
Cerium  driera  are  less  effective  than  cobalt  or 
manganese  linoleate  in  accelerating  the  drying 
of  a varnish  containing  a lead  drier.  The  follow- 
ing are  the  analytical  data  obtained  by  the 
author  in  the  examination  of  a drier  : — 


Per  cent. 

Ash  .....  18’6 

Fatty  and  rosin  acids  . . 83 '4 

The  more  detailed  examination  gave  the 
following  result : — 

Per  cent. 

Lead  oxide  . . . .10*99 

Manganous  oxide  . . . 6*79 

Iron  peroxide  . . . 0*47 

Calcium  oxide  . . .0*56 

Rosin  acids  ....  38*32 

Oxidised  aeids  . . .4*24 

Other  fatty  acids  . . . 40*86 


It  should,  however,  be  understood  that  the 
results  furnished  by  chemical  analysis  alone  are 
not  sufficient  to  supply  the  data  on  which  to 
base  an  opinion  as  to  the  properties  which  a 
drier  will  impart  to  the  oil.  The  colour  and 
drying  power  of  the  boiled  oil  to  be  prepared 
and  other  conditions  greatly  influence  the  choice 
and  the  quantity  of  a drier  to  be  employed  on  a 
large  scale.  J.  L. 

DROP  GUM  or  GAMBOGE  v.  Pigments. 
DROSERA  WHITTAKERI.  Drosera  whit- 
taheri  is  found  in  Australia,  and  grows  plentifully 
on  the  hills  near  Adelaide.  The  tuber  of  this 
plant  consists  of  an  inner  solid  but  soft  nucleus 
full  of  reddish  sap  or  juice,  and  an  outer  series 
of  easily  detached  thin,  and  more  or  less  dry, 
layers  of  an  almost  black  material.  Between 
these  layers  are  to  be  found  small  quantities  of 
a brilliant  red  colouring  matter,  the  amount 
varying  in  tubers  of  different  size  and  age,  but 
apparently  more  plentiful  in  the  older  plants 
(Rennie,  Chem.  S6c.  Trans.,  1887,  51,  371  ; 1893, 
63,  1083). 

The  colouring  matter  is  extracted  from  the 
tubers  by  means  of  hot  alcohol,  the  solution 
evaporated,  and  the  residue,  containing  a little 
alcohol,  is  then  mixed  with  water  and  allowed 
to  stand.  The  product  is  dried,  sublimed,  and 
the  brilliant  vermilion  powder,  which  contains 
two  substances,  is  fractionally  crystallised  from 
boiling  alcohol,  or  acetic  acid. 

The  more  sparingly  soluble  compound 
Cj^HgOg  forms  red  plates,  melts  at  192°-193°, 
dissolves  in  alkaline  solutions  with  a deep  red 
violet  eolour,  and  gives  a triacetyl  derivative, 
CiiH505(C2H30)3,  melting-point  153°-154°. 

The  monosodium  compound  C^^H7  05Na,2H20, 
gives  dark  reddish-brown  needles,  the  disodium 
compound  CiiHQ05Na22H20,  brown  needles, 
and  the  calcium  compound  (CiiH705)2Ca,3H20, 
dark  brown  crystals. 

By  treatment  with  stannous  chloride  or  hy- 
drochloric acid,  this  substance  CnHgOg  yields  a 
reduction  product  CnHioO^,  yellow  needles, 
melting-point  215°-217°.  When  dry,  this  is 
stable  in  air,  but  if  left  in  contact  with  alcohol  or 
water,  it  soon  becomes  red  owing  to  oxidation. 
According  to  Rennie  it  is  probable  that  the 
original  colouring  matter  is  a irihydroxymetliyl- 
naphthoauinove,  in  which  case  the  substance 
CiiHioOjj  will  consist  of  the  corresponding 


hydroquinone  derivative.  The  more  readily 
soluble  compound  contained  in  the  tubers 
possesses  the  formula  CiiH804.  It  crystallises 
in  red  needles,  melting-point  174°-175° ; dis- 
solves in  alkaline  solutions  with  a deep-red 
colouration ; and  gives  a diacetyl  derivative, 
^11^604(0,1130)2,  yellow  needles,  melting- 
point  107°-^!  10°.  A.  G.  P. 

DRUMINE,  An  alkaloid  stated  to  be 
present  in  Euphorbia  Drummondii  (Ogston,  Brit. 
Med.  Jour.  1887,  451). 

DRY  CLEANING.  French  or  chemical 
cleaning,  Nettoyage  a Sec.  A process  of  remov- 
ing dirt,  grease,  &c.,  from  fabrics  by  solvents 
other  than  water,  such  as  petroleum  benzine, 
coal-tar  benzene,  carbon  tetrachloride,  &c. 
The  substitution  of  such  liquids  for  water  seems 
to  have  been  first  made  in  France  during  the 
middle  of  the  last  century  by  the  application  of 
‘ camphene,’  a terpene  used  at  that  period  for 
illuminating  purposes. 

The  process  was  introduced  into  the  United 
Kingdom,  in  1866,  by  Messrs.  Pullar  & Sons, 
who  greatly  developed  it,  employing  machinery 
to  a large  extent  in  place  of  the  hand  labour 
formerly  used. 

The  solvents  mainly  used  at  the  present  time 
are  ‘ benzines,’  usually  obtained  from  American 
and  Borneo  petroleum,  of  sp.gr.  0*78  ; boiling 
between  80°  and  120°.  The  benzols  employed 
are  what  are  known  commercially  as  OO’s  and 
50’s.  They  may  contain  sensible  quantities  of 
carbon  disulphide,  thiophen,  and  possibly  other 
sulphur  products,  which  are  apt  to  impart  a 
disagreeable  smell  to  the  fabric.  Carbon 
tetrachloride,  on  account  of  its  relatively  high 
price,  is  only  used  to  a limited  extent.  It  has 
the  great  advantage  over  the  hydrocarbons 
that  it  is  uninflammable,  and  can  be  employed  in 
particular  cases  where  the  use  either  of  benzine 
or  of  benzol  is  inadmissible.  (For  a method  of 
valuing  benzine  for  the  purpose  of  the  dry 
cleaner,  v.  Trotman,  J.  Soc.  Chem.  Ind.  1906.) 

Thiophen  in  benzol  may  be  detected  by  the 
isatin  and  sulphuric  acid  reaction  {v.  Thiophen). 
{Cf.  Schwalbe,  Chem.  Zeit.  1905.) 

Carbon  disulphide  may  be  detected  by  the 
formation  of  a precipitate  with  phenylhydrazine, 
and  determined  quantitatively  by  conversion 
into  potassium  xanthate  by  means  of  alcoholic 
potash  {v.  Carbon  disulphide). 

An  admixture  of  paraffin  hydrocarbons  with 
the  benzol  may  be  recognised  by  nitrating  the 
sample  with  nitrosulphuric  acid  and  subsequent 
steam  distillation. 

The  carbon  tetrachloride  employed  for 
degreasing  should  be  free  from  hydrochloric  acid 
or  traces  of  free  chlorine.  It  should  also  contain 
no  chloroform  or  phosgene  gas,  which  are  apt  to 
act  deleteriously  upon  the  workpeople. 

Special  soaps,  soluble  in  benzine,  are  em- 
ployed in  dry  cleaning.  They  not  only  assist 
the  degreasing,  but  diminish  the  risk  of  fire. 
The  soaps  consist  of  practically  anhydrous 
oleates  or  stearates  of  potash  or  soda  made  by 
melting  together  oleic  acid  and  soap,  or  by  dis- 
solving the  alkali  in  methylated  spirit,  and 
adding  to  the  solution  the  requisite  quantity 
of  oleic  acid  or  melted  stearic  acid.  Strong 
ammonia  solution  may  be  employed  instead  of 
potash  or  soda. 

(For  a description  of  the  methods  and 
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machinery  employed  in  modern  processes  of 
dry  cleaning,  and  of  the  apparatus  for  the 
recovery  and  purification  of  the  solvents  used, 
V.  Dyeing  and  Cleaning,  by  F.  J.  Farrell, 
Griffin  & Co.,  Ltd.  1910.) 

DULCAMARA.  Bittersweet,  Woody  night- 
shade, {Douce  amere,  Fr.  ; Bittersuss,  Ger.) 
The  young  branches  of  the  Solanum  dulcamara 
(Linn.),  were  formerly  administered  as  a de- 
coction in  rheumatism  and  skin  diseases.  They 
contain  an  amorphous  glucoside  dulcamarin 
C22H34O1P  (Geissler,  Arch.  Pharm.  [hi.]  6,  1010) ; 
and  solanine  C42H75O12N,  m.p.  235°  ; solanidine 
C4iH,,0pN, m.p.  205°;  andsoZaweme  C40H70O13N 
(Davis,  Pharm  Y.  [iv.]  15,  160),  g!  B. 

DULCIN.  p-Phenetol-carbamide 

C2H50-C6H4-NHC0-NH2 

A sweet  substance.  Used  as  a substitute  for 
saccharin. 

DULCITOL  V.  Carbohydrates. 

DUMASIN.  Pentamone.  v.  Ketones. 

DUNGING  SALT.  Sodium  Arsenate  v. 
Arsenic. 

DUOTAL.  Guaiacol  carbonate 


formed  by  the  action  of  phosgene  gas  on  an 
alkaline  solution  of  guaiacol.  L^sed  in  the  treat- 
ment of  phthisis. 

DURA  or  DARI.  A grain  imported  from  India 
and  the  Sudan,  chiefly  as  a poultry  food.  Com- 
position ; moisture,  8‘45  ; proteins,  12-98  ; other 
nitrogenous  substance,  0-08 ; fat,  3-30;  starch, 
62-66;  other  carbohydrates,  9-74;  fibre,  1*03, 
ash,  1*71  p.c.  ; food  units  113*3  ; nutrient  ratio, 
1 : 6*1.  Contains  no  alkaloids  or  cyanogenetic 
glucosides  (Bull.  Imp.  Inst.  1913,  11,  33).  For 
the  use  of  Sudan  Dura  as  a brewing  material, 
see  Briant  & Harman,  Journ.  Instit.  Brewing, 
1918,  209. 

DURENE  V.  Cymenes, 

DURENOL  V.  Phenol  and  its  Homologues. 

DUTCH  PINK  or  ITALIAN  PINK  i;.  Pig 

MENTS. 

DUTCH  ULTRAMARINE.  Cobalt  blue  v. 

Cobalt  and  Pigments. 

DURINE.  A preparation  of  formaldehyde. 

DYEING.  The  art  of  dyeing  consists  in 
imparting  colour  to  the  substance  of  various 
materials,  usually  textile  fabrics,  in  such  a 
manner  that  it  is  not  readily  removed  or  altered 
by  those  influences  to  which  the  dyed  material 
is  subsequently  exposed.  Tinting  is  essentially 
the  same  as  dyeing,  but  the  term  is  applied  to 
the  production  of  light  shades  only.  In  staining, 
the  colour  is  not  so  permanently  fixed  as  in 
dyeing,  but  in  all  these  processes  the  colouring 
substance  is  presented  to  the  material  in  a dis- 
solved condition.  In  textile  'printing,  the  colour 
is  applied  to  portions  of  the  material  only,  thus 
producing  a pattern,  but  in  other  respects,  many 
printing  operations  are,  in  principle,  similar  to 
dyeing.  In  some  processes  of  textile  printing,  as 
in  painting,  on  the  other  hand,  a more  or  less 
opaque  pigment  is  applied  to  the  surface  of  the 
material  by  means  of  adhesives,  thus  partially 
or  entirely  obscuring  the  true  surface. 

Dyeing  is  of  chief  importance  in  connection 


with  the  textile  industries,  but  many  other 
materials  are  coloured  by  dyeing  processes,  such, 
for  example,  as  leather,  feathers,  horn,  ivory, 
bone,  straw,  and  wood. 

The  various  materials  above  enumerated 
show  remarkable  differences  in  behaviour 
towards  any  particular  dyestuff.  Wool,  silk, 
leather,  feathers,  horn,  and  animal  skin  products 
in  general,  behave  somewhat  similarly  towards 
colouring  matters,  but  the  dyeing  properties  of 
cotton,  linen,  and  other  vegetable  products  are 
quite  Afferent. 

Differences  quite  as  marked  are  to  be  noted 
in  the  behaviour  of  various  colouring  matters 
towards  one  and  the  same  material,  and  thus,  in 
dyeing  operations,  both  the  nature  of  the 
material  to  be  dyed  and  of  the  colouring  matter 
employed,  have  to  be  taken  into  account. 

The  theory  of  dyeing.  The  precise  cause  or 
causes  of  the  different  behaviour  of  the  textile 
fibres  in  dyeing  is  still  a matter  of  uncertainty ; 
but  there  is  little  doubt  that  the  chemical 
and  physical  properties  both  of  the  fibre  and  of 
the  dyestuff  are  all  factors  of  the  complicated 
phenomena  of  dyeing. 

The  earliest  theory  with  regard  to  the 
fixation  of  dyes  was  that  the  action  is  purely 
mechanical,  and  it  is  still  urged  by  many  that 
rarely  in  dyeing  processes  is  there  direct  evidence 
of  chemical  combination  between  fibre  and  dye- 
stuff. Both  bodies,  as  a rule,  retain  their 
individual  chemical  and  physical  properties  un- 
changed, and  the  dye  can  frequently  be  removed 
from  a fibre  by  means  of  alcohol  or  other  solvent. 

In  its  earliest  form,  the  mechanical  theory 
was  put  forward  by  Hellot  and  d’Apligny  in  1780. 
(See  Hellot’s  L’Art  de  la  Teinture  des  Laines 
(1734) ; and  d’Apligny’s  L’Art  de  la  Teinture  des 
fils  de  Coton  (1776).)  They  assumed  that  the 
particles  of  colouring  matter  became  embedded  in 
the  minute  pores  permeating  the  fibre  substance. 
Crum  (Chem.  Soc.  Trans.  16,  404)  strongly 
supported  this  theory,  wliMe  Muller- Jacobs 
(J.  Soc.  Dyers,  1885,  63)  expressed  much  the 
same  idea  in  attributing  the  fixation  of  dyes 
to  membranous  diffusion.  It  has,  however,  been 
shown  by  several  investigators  that  dyeing 
processes  do  not  obey  the  general  laws  of 
osmosis.  V.  Georgievics  (J.  Soc.  Chem.  Ind.  1895 
149)  considers  dyeing  is  chiefly  due  to  surface 
attraction.  Witt  (Farber-Zeit.  1890)  put  for- 
ward a modification  of  the  mechanical  theory. 
He  regards  the  fibres  as  solid  solvents  in  which 
the  dyestuffs  dissolve,  the  latter  being  withdrawn 
from  its  aqueous  solution  in  the  same  way  as, 
e.g.  ether  will  extract  many  substances  from 
their  aqueous  solution.  The  degree  to  which  a 
dye-bath  can  be  exhausted  will  then  depend 
upon  the  relative  solubility  of  the  dyestuff  in 
the  acid  or  neutral  dye  liquor  and  in  the  fibre 
substance  under  the  conditions  (concentration 
and  temperature)  used.  Krafft  (Ber.  1899, 
1608)  attributes  dyeing  phenomena  to  a separa- 
tion of  the  dyestuff  upon  the  fibre  in  a colloidal 
state,  and  this  view  has  been  supported  by  Biltz 
{ibid.  1904,  1766),  Linder  and  Picton  (Chem.  Soc. 
Trans.  1905,  1931),  and  Dreaper  (J.  Soc.  Chem. 
Ind.  1905,  223). 

The  chemical  theory  of  dyeing  was  originally 
put  forward  by  Macquer  and  Bergman  in  opposi- 
tion to  the  mechanical  theory  of  Hellot  and 
d’Apligny,  and  has  received  much  experimental 
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support  from  Persoz,  Berthollet,  Chevreul,  Kiihl- 
mann,  Vignon,  Knecht,  and  many  others.  It  is 
mainly  based  on  the  following  facts  : wool  and 
silk  fibres  contain  amino-acids,  and  thus  possess 
strongly  marked  acidic  and  basic  functions. 
Cellulose,  the  essential  constituent  of  the  vege- 
table fibres,  is  chemically  much  less  active,  and 
dyes  much  less  readily  than  wool  and  silk,  but 
under  certain  conditions  it  exhibits  weakly  acidic 
functions.  All  dyestuffs  (with  few  exceptions) 
possess  either  acidic  or  basic  properties,  or  are  in 
the  form  of  salts,  which  dissociate  in  the  dye- 
bath  ; and  chemical  combination  between  fibre 
and  dyestuff  would  thus,  'primd  facie,  be  ex- 
pected. Moreover,  lanuginic  and  sericinic  acids, 
which  are  produced  respectively  by  the  hydro- 
lysis of  wool  and  silk,  precipitate  both  acid  and 
basic  dyes  from  their  aqueous  solution  (Knecht 
and  Appleyard,  J.  Soc.  Dyers,  1889,  72). 

A full  discussion  of  the  evidence  for  and 
against  the  mechanical  and  chemical  theories  of 
dyeing  cannot  be  here  entered  upon,  but  a general 
review  indicates  that  the  attempt  to  cover  all 
dyeing  phenomena  by  any  one  simple  explana- 
tion must  fail,  and  that  many  factors  are  con- 
cerned, the  relative  importance  of  which  varies 
in  different  cases.  In  the  dyeing  of  wool  or  silk, 
with  acid  or  basic  dyes,  it  may  be  taken  as 
established  that  chemical  combination  occurs, 
but  prior  to  this  some  hydrolysis  of  the  fibre, 
and  more  or  less  complete  ionisation  of  the  dye- 
stuff takes  place.  Surface  eoncentration  of  the 
dye  on  the  fibre  probably  also  occurs,  and  the 
coagulation  and  precipitation  of  the  dissociated 
colloidal  dyestuff  also  plays  a part.  This  is 
supported  by  the  observation  that  the  tempera- 
ture of  maximum  absorption  of  dye  does  not 
(in  the  cases  investigated)  correspond  with  that 
of  maximum  fixation  (Dreaper,  Trans.  Faraday 
Soc.  1910,  pt.  i.  Haldane-Gee  and  Harrison, 
ibid.)  ; the  former  possibly  coinciding  with  the 
point  of  maximum  coagulation  and  precipitation, 
and  the  latter  indicating  the  point  of  maximum 
degree  of  chemical  combination.  Whether  the 
superficially  precipitated  dye  penetrates  the  fibre 
by  osmosis  or  by  ‘ solid  solution  ’ is  mainly  a 
question  of  definition  of  terms. 

In  the  case  of  the  dyeing  of  vegetable  fibres, 
the  same  factors  probably  operate,  but  their 
relative  importance  is  not  the  same,  the  physical 
factors — precipitation,  surface  attraction,  and 
osmosis — predominating  over  the  effect  of  direct 
chemical  action. 

Classification  of  colouring  matters.  It’  has 

already  been  pointed  out  that  dyestuffs  vary  in 
their  behaviour.  If,  e.g.  separate  pieces  of  wool  are 
boiled  in  solutions  containing,  {a)  logwood,  (6)  in- 
digo, (c)  magenta,  and  {d)  picric  acid,  the  following 
results  are  obtained  : (a)  the  wool  acquires  a 
brown  stain ; (b)  the  wool  remains  undyed,  the 
indigo  floating  about  in  an  insoluble  condition ; 

(c)  the  wool  is  dyed  a magenta  colour ; and 

(d)  the  wool  is  dyed  a full  yellow.  If  the  experi- 
ment is  repeated  on  wool  which  has  been  pre- 
viously boiled  with  a solution  of  potassium 
dichromate,  the  result  will  be  that  in  (a)  the 
wool  is  dyed  black,  whereas  in  (b),  (c),  and  (d), 
similar  results  are  obtained  to  those  of  the 
previous  experiments.  Logwood,  therefore, 
must  be  applied  in  conjunction  with  potassium 
dichromate  or  some  similar  substance,  i.e. 
with  a mordant ; whereas  magenta  and  picric 
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acid  dye  without  such  aid,  and  indigo  requires  a 
speeial  process,  the  nature  of  which  is  not 
indicated  by  the  results  of  the  above-described 
experiments. 

Colouring  matters  may  be  divided  into  three 
groups  on  the  lines  indicated  above,  viz.  : (1) 
those  which  must  be  applied  in  conjunction 
with  a mordant ; (2)  those  which  dye  direct  from 
their  solutions  ; and  (3)  those  requiring  special 
processes. 

As  regards  groups  (1)  and  (2)  this  classifiea- 
tion  is  practically  identical  with  that  of  Bancroft 
(Philosophy  of  Permanent  Colours,  i.  118, 
London.  1794),  who,  upwards  of  a hundred  years 
ago,  divided  colouring  matters  into  substantive 
dyes  and  adjective  dyes  ; the  former  elass  com- 
prising those  which  dye  directly  from  their 
solutions,  and  the  latter  being  composed  of  those 
dyes  which  require  mordants.  Nietski  (Farber- 
Zeit.  1889-90,  8)  uses  the  terms  direct  dyes  and 
mordant  dyes  in  exactly  the  same  sense,  and  both 
Bancroft’s  and  Nietski’s  terms  are  still  in  use. 
Hummel  (The  Dyeing  of  Textile  Fabrics,  1st  ed. 
1885, 147)  also  classifies  dyestuffs  into  two  groups; 
monogenetic  dyes  being  such  as  are  capable  of 
producing  one  colour  only,  while  polygenetic 
dyes  produce  distinct  colours  with  different 
mordants.  The  members  of  the  first  group  are 
coloured  bodies,  and  these  merely  require  to  be 
fixed  upon  the  fibre,  whereas  the  colouring 
principles  comprising  the  second  group  as  a rule 
only  develop  a colour  when  chemically  combined 
with  a mordant. 

It  will  be  seen  that  these  three  systems  of 
classification  closely  correspond,  the  terms 
substantive  dyes,  direct  dyes,  and  monogenetic 
dyes  being  almost  synonymous,  as  are  adjective 
dyes,  mordant  dyes,  and  polygenetic  dyes.  It 
should,  however,  be  pointed  out  that  none  of 
these  classifications  is  absolute ; magenta,  for 
example,  is  a direct  dye  as  applied  to  wool,  but 
requires  a mordant  when  used  for  cotton. 

A distinct  method  of  grouping  dyestuffs  is 
that  of  Benedikt  (The  Chemistry  of  the  Coal-tar 
Colours,  1886,  29),  who  distinguishes  between 
colour  acids,  colour  bases,  and  neutral  colouring 
matters.  Both  colour  acids  and  colour  bases 
are  fixed  on  the  fibre  in  the  form  of  salts,  but 
whereas  in  the  colour  acids  the  essential  colour- 
producing  group  resides  in  the  acid  portion  of 
the  compound,  in  the  colour  bases  the  reverse  is 
the  case.  Alizarin  red,  dyed  on  wool,  is  a salt 
of  which  alumina  forms  the  basic  and  alizarin 
the  acidic  constituent.  Alizarin  is  therefore  a 
colour  acid.  Similarly,  the  red  pigment  formed 
on  dyeing  tannin-mordanted  cotton  with  ma- 
genta is  a combination  of  rosaniline  base  with 
tannic  acid.  Magenta  is  therefore  a colour  base. 
Indigo  and  other  vat  dyes  are  neutral  colouring 
matters. 

All  the  above  schemes  of  classification  are 
defective,  either  from  the  point  of  view  of  the 
practical  dyer,  or  the  chemist.  As  regards 
practical  application,  the  large  number  of  dye- 
stuffs now  on  the  market  may,  however,  be 
satisfactorily  classified  into  the  following 
groups:  (1)  mordant  dyes;  (2)  acid-mordant 
dyes ; (3)  acid  dyes ; (4)  direct  dyes ; (5)  basic 
dyes ; (6)  sidpJiide  dyes ; (7)  vat  dyes ; (8) 

ingrain  dyes. 

The  classification  of  dyes  according  to  chemi- 
cal constitution  is  based  upon  the  existence, 
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of  a certain  group  of  atoms,  in  all  members 
of  eaeh  class,  upon  the  integrity  of  which 
their  colouring  power  depends.  This  is  termed 
the  chromophorom  group,  the  theory  being  first 
put  forward  by  0.  N.  Witt,  in  1876.  The  intro- 
duction of  such  a chromophor  into  a suitable 
colourless  compound  is  accompanied  by  the 
development  ot  colour,  e.g.  benzene  (CgHg)  is 
colourless,  but  azobenzene  (CgHg— N==N— CgH^) 
is  orange-coloured.  Many  substances,  however, 
such  as  azobenzene,  although  strongly  coloured, 
are  devoid  of  dyeing  power.  Such  bodies  are 
termed  chromogens,  and  in  order  to  convert 
them  into  useful  dyes,  the  introduction  of  a salt- 
forming group  is  necessary ; such  groups,  in 
this  connection,  being  termed  auxochromous 
groups.  Thus,  whilst  azobenzene  is  not  a dye- 
stuff, both  amino-azobenzene  and  hydroxy-azoben- 
zene  are  useful  dyes.  In  these  compounds,  the 
azo-  group  (— N=N— ) is  the  chromophor,  and 
the  amino-  or  hydroxyl-  group  is  the  auxochrome. 

The  presence  of  both  a chromophor  and  an 
auxochrome  does  not,  however,  necessarily  indi- 
cate that  a substance  is  a useful  dye.  For 
example,  trinitroaniline,  CgH2(N02)3NH2,  con- 
tains the  chromophor  (NO 2)  and  the  salt-forming 
auxochrome  group  (NH2) ; but  it  is  not  a use- 
ful dyestuff,  because  the  basic  character  of  the 
auxochrome  is  neutralised  by  the  strongly  acidic 
chromophor.  On  the  other  hand,  trinitro- 
phenol  CgH2(N02)30H  is  the  useful  dyestuff 
picric  acid.  • 

Those  dyestuffs  which  do  not  contain  a 
salt -forming  auxochrome  cannot  be  applied  by 
ordinary  dyeing  processes,  and  the  fact  that  a 
special  process  is  required,  e.g.  for  indigo,  is  not 
primarily  due  to  its  insolubility,  but  to  its 
neutral  character. 

The  seheme  of  classification,  based  on  the 
chromophor,  distinguishes  the  following  groups — 

Group  Chromophor  Typical  dyes 

1.  tso-Nitroso-^C — O Resorcin  green,  dioxine, 

or  oxime  ^ | | gambine. 

>C— N-OH 

2.  Nitro*  — NO2  Picric  acid,  naphthol  yellow. 

3.  Azo-  — — (a)  Basic — chrysoidine,  Bis- 

marck brown,  Janus  red . 
(h)  Acid — azo-  oranges  and 
scarlets,  naphthol 
black,  diamond  black, 
(c)  Direct — benzopurpurin, 
diamine  colours,  direct 
blacks. 

id)  Mordant— ‘ acid  mor- 
dant ’ or  ‘ chrome  ’ 
colours. 

Magenta,  methyl  violet, 

/ Victoria  blue,  patent 
^ blue,  malachite  green. 

5.  Oxyketone  CO  The  alizarin  dyes,  indan- 

threne  and  algol  vat  dyes. 


4,  Triphenyl- 

methane  > — 


b.  Pyrone 

7.  Acridine 

8.  Oxazine 

9.  Thiazine 


Rhodamine, 

eosins. 


violamine. 


Acridine  yellow,  orange,  and 
scarlet. 


Meldola’s  blue,  gallocyanin, 
Capri  blue. 

Methylene  blue,  thiocar- 
mine,  hydhron  blue. 


Group 
10.  Azines 


Chromophor 


Typical  dyes 

Safranines,  indulines, 
aniline  black. 


11.  Thiazol-  — Primuline,  thioflavin. 
— 


12.  Quinoline  — CH — CH  Quinoline  yellow,  cyanine. 


13.  Flavone 


NoCB. 
— 0— C— 

II 

-CO— CH 


Fustic,  weld,  logwood, 
Brazil  wood. 


14.  Indigoids  — CO — C=C — CO 

I I 

15.  Miscellaneous. 


Indigo,  helindone 
and  ciba  vat  dyes. 


This  classification  of  dyestuffs  into  chemical 
groups  is  of  importance  in  the  identification  and 
testing  of  dyestuffs,  as  the  constitution  of  the 
compound  determines  its  behaviour  towards 
reagents.  It  is  not,  however,  a convenient  one 
as  regards  the  practical  application  of  the 
dyestuffs. 

Essential  properties  of  a dyestuff.  In  order 
to  rank  as  a useful  dye,  a substance  must  possess 
certain  essential  features.  A direct  dye  must 
not  only  possess  a colour  of  considerable  in- 
tensity and  permanence,  but  must  also  be 
capable  of  easy  fixation  on  textile  fibres  without 
injury  to  fibre  or  dyestuff.  For  example,  both 
vermilion  and  azo-scarlet  possess  a brilhant 
colour,  but  the  former  is  not  a dyestuff,  because 
it  cannot  be  applied  or  produced  by  dyeing 
processes.  A mordant  dye,  on  the  other  hand, 
need  not  possess  a*  strong  colour,  and  may,  in 
fact,  be  colourless.  It  must,  however,  be  capable 
of  producing  strongly  coloured  and  insoluble 
colour-lakes  in  combination  with  suitable 
mordants.  Vat  dyes — e.g.  indigo — are,  as  a rule, 
quite  insoluble  in  water,  and  therefore  cannot  be 
applied  by  an  ordinary  process.  The  essential 
feature  of  this  group  is  that  their  reduction 
products  are  soluble  in  alkaline  solutions,  and 
on  this  fact  the  method  of  application  depends. 

In  order  to  constitute  a dyestuff  a body  must, 
therefore,  either  be  strongly  coloured  in  itself 
or  be  capable  of  producing  coloured  lakes.  It 
must  also  be  of  such  a character  that  it  can  be 
fixed  upon  textile  material  from  an  aqueous 
solution,  and  it  must  produce  a colour  which 
possesses  sufficient  permanence  and  resistance  to 
washing  and  other  influences.  (Ih  so-called  ‘ dry 
dying  ’ alcohol  or  other  volatile  solvent  is  used  ) 
Qperations  preliminary  to  dyeing  processes. 
In  any  dyeing  operation,  the  chief  bodies  con- 
cerned are  the  fibre  to  be  dyed  and  the  dyestuff. 
In  their  natural  condition,  all  textile  fibres 
contain  impurities  which  not  only  detract  from 
their  appearance,  but  prevent  their  being  satis- 
factorily dyed.  The  removal  of  these  im- 
purities is  the  object  of  the  washing,  scouring, 
and  bleaching  processes  which  the  ‘ raw  ’ fibres 
undergo. 

A great  bulk  of  manufactured  textile  material, 
chiefly  cotton  and  linen,  is  used  in  the  undyed 
condition,  but  wool  and  silk  are  usually  dyed. 

Dyeing  processes.  Dyeing  may  take  place 
at  various  stages  of  the  manufacture  of  textiles. 
‘ Piece  dyeing  ’ is  generally  employed  when  a 
plain-coloured  material  is  required,  being  the 
most  economical  and  convenient  process.  If  a 
coloured  pattern  is  required,  the  material  must 
either  be  printed,  or  dyed  before  weaving,  and 
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the  process  may  then  be  carried  otit  on  the  raw 
wool  or  cotton  (‘  icool  dyeing,’’  ‘ cotton  dyeing  ’), 
at  an  intermediate  process  (‘  sliver  ’ or  ‘ shihhing 
dyeing  ’)  or  upon  the  spun  yarn  (‘  yaryi  dyeing,’’ 
‘ hank  dyeing,’’  ‘ cop  dyeing,’’  ‘ cheese  dyeing,’’  ‘ ivarp 
dyeing  ’). 

Wool  is  dyed  in  all  these  forms  ; silk,  almost 
exclusively  in  the  form  of  yarn  ; and  cotton, 
chiefly  as  warps,  cops,  or  pieces. 

The  dyeing  of  wool.  Wool  may  be  dyed 
with  a greater  range  of  colouring  matters  than 
any  other  textile  fibre.  All  the  various  classes 
of  colouring  matters  enumerated  in  the  classifi- 
cation based  on  practical  application  {see  p.  575) 
are  used  in  the  dyeing  of  wool ; the  most 
important  groups  being  the  mordant,  the  acid 
mordant,  the  acid  and  the  direct  dyes,  as  well  as 
the  vat  dye,  indigo.  In  boiling  solutions,  the 
affinity  of  wool  for  dyestuffs  is  generally  greater 
than  that  of  silk,  but  at  temi)eratures  below  60° 
the  relative  affinity  is  frequently  reversed.  By 
a suitable  selection  of  dyestuffs  and  control  of  the 
process,  it  is  therefore  possible  to  dye  the  wool  and 
silli  in  a woven  fabric  either  to  different  shades, 
or  to  produce  a uniform  colour  on  the  two  fibres. 
As  a general  rule,  dyeing  processes  which  produce 
good  results  on  wool  are  entirely  unsuited  for 
cotton,  and  it  is  an  easy  matter  to  dye  one  of  the 
two  fibres  when  present  in  a mixed  fabric  and 
leave  the  other  practically  unstained.  If  both 
fibres  are  to  be  dyed  the  same  or  different  colours, 
two  distinct  processes  are,  as  a rule,  required. 

Different  varieties  of  wool  behave  differently 
in  dyeing,  the  finer  wools,  such  as  merino,  re- 
quiring a larger  amount  of  dyestuff  to  produce  a 
given  shade  than  the  coarser  qualities,  e.g.  Lincoln 
or  ‘ crossbred  ’ wool.  The  absorption  of  dye  is, 
hov/ever,  by  no  means  entirely  governed  by  the 
diameter  of  the  fibre,  e.g.  fine  silky  mohair  is 
very  difficult  to  dye,  probably  on  account  of  the 
close  texture  of  the  external  scales.  Fibres 
taken  from  different  portions  of  the  same  fleece 
also  vary  somewhat  in  dyeing  properties  ; and 
wool  taken  from  the  skin  of  animals  slaughtered 
for  meat,  or  from  diseased  animals,  also  differs 
from  “ fleece  ’ wool  as  regards  its  affinity  for  dyes. 
All  these  differences  are  shown  to  a much  greater 
extent  with  some  dyestuffs  than  with  others. 

The  affinity  of  wool  for  certain  dyestuffs  may 
1)0  increased  by  suitable  treatment  with  acids, 
alkalis,  or  oxidising  agents  (bleaching  powder 
or  hydrogen  peroxide  solution),  or  may  bo 
diminished  by  a treatment  with  tannic  acid 
solution  and  in  other  ways.  Various  colours  may 
thus  be  produced  by  a ‘ piece-dyeing  ’ process 
by  weaving  together  untreated  wool  and  wool 
treated  with  one  or  other  of  the  above-mentioned 
reagents. 

The  behaviour  of  wool  towards  solutions  of 
metallic  salts  governs  the  use  of  these  bodies  as 
mordants.  When  boiled  in  solutions  of  salts 
of  the  heavy  metals  having  an  acid  character 
{e.g.  sodium  dichromate),  a decomposition  of 
the  salt  takes  place,  and  an  insoluble  basic  salt 
or  a hydrated  oxide  is  fixed  upon  the  fibre. 

The  dyeing  of  silk.  In  general  behaviour 
towards  colouring  matters,  silk  resembles  wool, 
but,  as  a rule,  dyes  are  fixed  on  silk  in  a less 
permanent  manner  than  on  wool.  The  dyeing 
of  silk  appears  to  depend,  to  a greater  extent, 
on  absorption,  and  to  a less  extent  on  chemical 
action.  The  acid,  'basic,  and  direct  dyes  are 
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chiefly  used  on  silk,  but  other  classes,  e.g.  the 
mordant  and  vat  dyes,  are  also  employed,  though 
they  tend  to  detract  somewhat  from  the  brilliant 
lustre  and  suppleness  on  which  the  beauty  of 
silk  depends.  The  maximum  absorption  of 
dyes  by  silk  usually  takes  place  at  60°-80°,  and 
not  at  100°  as  in  the  case  of  wool. 

The  so-called  ‘ dry  dyeing  ’ process  some- 
times employed  for  silk  consists  in  the  use  of 
benzine  or  other  volatile  liquid  as  a solvent  for 
the  colouring  matter  in  place  of  water.  The 
usual  dyestuff-salts  are  not  soluble  in  benzine, 
but  the  fatty  acid  compounds  or  resinates  of 
basic  dyes  are  readily  soluble. 

The  mordanting  of  silk  with  metallic  salts  is 
usually  carried  out  in  cold  concentrated  solu- 
tions of  basic  salts,  chiefly  basic  aluminium 
sulphate  for  colours,  and  basic  ferric  sulphate  or 
ferrous  acetate  for  blacks. 

The  production  of  black  upon  silk  is  a 
matter  of  great  importance,  and  is  almost  a 
trade  to  itself.  The  silk  is  first  immersed  in  a 
solution  of  chestnut  Extract  or  other  tannin 
matter,  and  then  in  a solution  of  basic  ferrous 
acetate  (pyroiignite  of  iron)  or  ferric  sulphate 
(‘  nitrate  of  iron  ’).  By  successive  alternate  treat- 
ments in  these  liquors,  the  silk  may  be  weighted 
to  the  extent  of  400  p.c.  It  is  then  dyed  with 
logwood  extract.  There  are  a number  of 
alternative  processes  for  the  black  dyeing  of 
silk. 

Wild  silks,  of  which  Tussur  is  the  chief 
variety,  are  much  more  difficult  to  dye  than 
ordinary  silk,  the  fine  fibrillse  of  which  the  fibre 
is  composed  being  very  impervious.  The  band- 
like flat  surface  of  the  fibre  also  reflects  the 
light  in  such  a manner  that  a white  shiny 
appearance  is  liable  to  be  produced  instead  of 
a rich,  intense  colour  or  black. 

Artificial  silks,  consisting  essentially  of 
cellulose,  are  more  allied  to  cotton  than  to  silk 
as  regards  dyeing  properties.  Those  varieties 
produced  from  collodion  (Chardonnet  silk)  dye 
more  readily  with  the  basic  dyes  than  do  cotton 
or  the  artificial  silks  obtained  from  a cupram- 
monium  solution  of  cellulose  (Pauly,  Lehne, 
Thiele  or  ‘ glanzstoffe  ’ silk)  or  from  cellulose 
xanthate  ( ‘ viscose  silk  ’ ).  There  is,  however, 
much  individuality  in  the  dyeing  properties  of 
the  various  forms  of  artificial  silk. 

The  dyeing  of  cotton.  Cotton  is  dyed  chiefly 
in  the  form  of  hanks  or  warps,  less  frequently  as 
loose  cotten  or  piece  goods.  The  dyeing  of  cotton 
on  the  spool,  cop  or  beam  is,  however,  now  of 
great  importance. 

The  dyeing  properties  of  cotton  differ  greatly 
from  those  of  wool,  and  therefore  the  processes 
and  materials  used  also  differ.  Until  the  dis- 
covery of  Congo  red  in  1884,  there  were  three 
dyestuffs  only  which  were  capable  of  dyeing 
cotton  directly  from  their  aqueous  solution — 
turmeric,  safflotver,  and  annatto — but  there  are 
now  a large  number  of  synthetic  substantive 
dyes  by  means  of  which  any  desired  shade  can 
be  obtained.  The  very  numerous  class  of  acid 
dyes  which  are  of  such  great  importance  in  wool 
and  silk  dyeing  do  not  produce  reasonably  fast 
colours  on  cotton. 

Cotton  has  no  affinity  for  metallic  salts,  and 
therefore  does  not  become  mordanted  by 
boiling  in  their  solutions.  Indirect  methods 
have  therefore  to  bo  adopted  in  applying  the 
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basic  mordants  required  for  the  fixation  of  the 
mordant  dyestuffs  on  cotton.  This  fibre  exhibits 
a remarkable  affinity  for  tannic  acid,  which  is 
withdrawn  from  dilute  solution  and  concen- 
trated on  the  fibre  to  a considerable  extent. 
The  tannic  acid  may  then  serve  for  the  fixation 
either  of  metallic  mordants  or  of  basic  dyestuffs 
upon  the  fibre. 

The  vat  dyes  and  sulphide  dyes  are  now  of 
first  importance,  since,  by  their  use,  extremely 
fast  colours  are  obtained  upon  cotton. 

The  so-called  ingrain  dyes  are  used  almost 
exclusively  on  cotton.  The  term  is  applied  to 
designate  a class  of  dyes  which  are  produced  in 
situ  on  the  fibre  by  precipitation. 

Mercerised  cotton  is  virtually  a distinct 
textile  fibre  ; and  whilst  its  dyeing  properties  are 
essentially  the  same  as  those  of  ordinary  cotton, 
its  treatment  requires  special  precautions  on 
account  of  its  great  affinity  for  the  direct 
dyes. 

The  dyeing  of  linen.  The  behaviour  of  linen 
towards  the  respective*  classes  of  dyestuffs  is 
similar  to  that  of  cotton,  but  it  is  more  difficult 
to  dye.  The  inferior  dyeing  affinity  of  linen  is 
probably  due  to  the  different  physical  structure 
of  the  fibre. 

The  dyeing  of  iute.  Although  a cellulose 
derivative,  jute  differs  from  cotton  and  linen, 
both  in  its  chemical  composition  and  properties. 
As  regards  dyeing  processes,  it  behaves,  to  a 
certain  extent,  like  tannin-mordanted  cotton, 
and  may  be  dyed  not  only  with  direct,  but  with 
basic  colouring  matters  without  the  aid  of  a 
mordant. 

The  dyeing  of  leather.  Leather  resembles 
wool  in  dyeing  properties,  but  the  difficulty  of 
dyeing  it  in  fast  colours  is  increased  by  the 
necessity  of  using  lukewarm  liquors  only,  since 
boiling  water  destroys  ordinary  leather.  Certain 
of  the  newer  methods  of  producing  leather,  e.g. 
chrome  tannage,  yield  a product  which  will 
withstaitd  boiling  solutions.  It  is  very  im- 
portant as  regards  the  permanence  of  the 
leather  (when  used  e.g.  for  bookbinding  or 
furniture  covering)  that  no  mineral  acid  should 
be  employed  in  the  dyeing  process.  As  a 
substitute,  formic  acid  may  be  recommended. 
The  acid  and  basic  colouring  matters  are  chiefly 
employed,  the  mordant  dyes  being  used  to  a 
less  extent. 

The  dyeing  of  feathers.  The  chief  cause  of 
difficulty  in  the  dyeing  of  feathers  is  their 
natural  water-resisting  property.  This  is  due 
partially  to  their  ultimate  physical  structure, 
and  partially  to  the  natural  grease  present. 
The  midrib  is  specially  difficult  to  dye.  Apart 
from  these  special  difficulties,  feathers  behave 
in  dyeing,  like  wool,  and  may  be  dyed  vdth  acid, 
basic,  direct,  or  mordaiit  dyes.  Reds,  browns, 
blues,  and  other  colours  are  usually  dyed  with 
acid  dyes,  but  the  most  satisfactory  blacks  are 
obtained  by  successive  and  repeated  treatments 
with  logwood  extract,  and  ferrous  sulphate  with 
potassium  binoxalate.  Dyeing  must  proceed  for 
a considerable  period  at  the  boil,  in  order  to 
ensure  penetration. 

The  dyeing  of  horn.  Horn  is  dyed  in  strong 
solutions  of  acid  dyes  by  steeping  for  a long 
period  in  the  cold  or  slightly  warm  baths,  which 
are  acidified  with  acetic  or  formic  acid.  Since 
it  contains  sulphur,  horn  may  be  dyed  brown 


by  steeping  in  a solution  of  sodium  plumbite, 
which  results  in  the  formation  of  lead  sulphide. 
Black  is  also  produced  by  alternate  steepings 
in  solutions  of  mercuric  nitrate  and  potassium 
sulphide. 

The  dyeing  of  ivory.  Both  acid  and  basic 
dyes  may  be  employed  in  the  dyeing  of  ivory, 
the  former  being  used  with  addition  of  acetic 
or  formic  acid  in  hot  solutions.  Alcoholic  solu- 
tions of  colouring  matters  may  also  be  em- 
ployed. Red  is  frequently  dyed  by  the  cochineal 
single-bath  process  used  for  wool  (see  p.  590). 

Black  is  produced  either  by  the  logwood  and 
iron  or  aniline  black  process,  as  used  in  cotton 
dyeing,  or  by  means  of  silver  nitrate. 

The  dyeing  of  wood.  The  method  of  dyeing 
wood  in  bulk  is  to  boil  or  steam  it  to  remove  the 
resins,  and  then  treat  it  in  an  apparatus  simila,r 
to  that  employed  in  creosoting.  The  wood  is 
placed  in  a closed  vessel  which  is  exhausted 
by  a vacuum  pump,  and  when  the  air  has  been 
sucked  out  from  the  pores  as  completely  as 
possible,  the  hot  dye  liquor  is  admitted  into 
the  vessel  and  put  under  pressure  by  a force 
pump.  The  direct  and  basic  dyes  may  be  em- 
ployed. Wood  is  usually  dyed  black  by  alter- 
nate treatments  with  logwood  extract  and 
sodium  dichromate  solution. 

The  dyeing  of  straw.  Straw  is  largely  dyed 
for  use  in  the  manufacture  of  hats  and  baskets. 
There  are  two  commercial  varieties,  distinguished 
as  chi])  and  straw.  Chip  is  readily  dyed  by  means 
of  the  direct  cotton  dyes  or  the  sulphide  dyes,  and 
many  basic  and  acid  dyes  in  neutral  solution 
may  also  be  employed.  The  process  must  be 
continued  for  2 to  3 hours  at  the  boil. 

‘ Straw  ’ is  more  difficult  to  dye  than  ‘ chip,’ 
on  account  of  the  highly  silicious  character  of 
the  surface.  The  straw  should  be  steeped  for 
several  hours  in  warm  water  before  dyeing. 
Blacks  are  usually  obtained  with  logwood  and 
iron,  but  for  colours  the  direct  cotton  and  the 
basic  dyes  are  chiefly  used. 

Materials  used  in  Dyeing  Operations. 

A great  variety  of  chemical  substances  are 
used  in  dyeing  processes — acids,  alkalis,  oxidis- 
ing and  reducing  agents,  metallic  salts,  and  a 
wide  range  of  organic  bodies.  Two  groups  only 
need  be  here  considered,  viz.  : (a)  mordants,  and 
(b)  colouring  matters. 

Mordants.  The  function  of  a mordant  is  to 
chemically  combine  with  the  dyestuff  employed, 
and  fix  the  latter  upon  the  fibre.  It  has  already 
been  mentioned  that  many  colouring  matters  do 
not  require  the  aid  of  mordants,  but  dye  direct 
from  their  solutions.  This  applies  to  the  acid, 
direct,  basic,  and  vat  dyes  when  used  for  wool 
and  silk,  and  the  direct,  sulphide,  and  vat  dyes 
when  used  for  cotton.  On  the  other  hand,  the 
mordant  and  acid-mordant  dyes  (as  their  name 
implies)  demand  the  use  of  mordants  on  wool,  as 
do  the  mordant  and  the  basic  dyes  on  cotton. 

It  is  evident  that  the  chemical  properties  of 
the  dyestuff  will  govern  the  character  of  the 
mordant  required  for  its  fixation,  and  two  types 
of  mordants  may  thus  be  distinguished : (1) 
the  metallic  or  basic  mordants,  used  for  the 
mordant  dyes ; and  (2)  ihelacid  mordants,  re- 
quired in  applying  the  basic  dyes  to  cotton  or 
other  vegetable  fibre. 

Basic  mordants  are  employed  for  fixing  on 
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animal  and  vegetable  fibres  those  colouring 
matters  which  are  of  an  acidic  character,  i.e. 
either  true  acids  or  bodies  containing  hydroxyl- 
groups,  of  which  the  hydrogen  is  replaceable  by 
metals.  They  are  metallic  salts,  of  which  the 
most  important  are  certain  compounds  of 
chromium,  aluminium,  iron,  and  tin. 

Wool  is  mordanted  by  boiling  it  with  dilute 
solutions  of  these  metallic  salts,  usually  with  the 
addition  of  certain  acids  or  acid  salts,  e.g.  cream 
of  tartar,  sulphuric  acid,  formic  acid,  oxalic  acid, 
&c.  During  this  operation,  the  wool  assists  in 
the  dissociation  of  the  metallic  salt ; an  insoluble 
basic  salt  being  fixed  within  and  upon  the  fibre, 
while  a more  acid  salt  remains  in  solution.  The 
acids  or  acid  salts,  which  are  added  along  with 
the  metallic  salt,  possibly  assist  the  dissociation 
of  the  latter  by  forming  more  sensitive  salts 
(tartrates,  oxalates,  &c.),  and  are  conveniently 
termed  assistants. 

As  a rule,  the  mordanting  operation  precedes 
that  of  dyeing  ; not  infrequently,  however,  the 
two  operations  take  place  simultaneously,  and 
the  dyeing  is  thus  effected  by  the  so-called 
‘ single-bath  ’ or  ‘ one-dip  ’ method,  as,  for 
example,  in  producing  cochineal  scarlet  on  wool. 
In  such  cases,  the  wool  is  boiled  in  a solution  con- 
taining colouring  matter,  metallic  salt,  and  as- 
sistant, in  certain  accurately  determined  relative 
proportions.  Combination  takes  place  between 
the  colouring  matter  and  the  mordant,  but  the 
pigment  which  would  otherwise  be  precipitated, 
is  retained  in  solution  by  the  liberated  acid  of 
the  mordant  or  the  assistant  present,  and  is 
only  gradually  withdrawn  from  solution  by 
the  fibre,  which  thus  becomes  dyed. 

In  the  case  of  the  ‘ acid-mordant  ’ dye- 
stuffs, the  application  of  the  mordant  follows 
that  of  the  colouring  matter. 

Silk  may  be  mordanted  in  the  same  manner 
as  wool,  by  boiling  with  metallic  salt  solutions  ; 
but,  more  usually,  it  is  steeped  for  about  12  hours 
in  cold  solutions  of  the  mordants  previously 
rendered  more  or  less  ba^ic  and  sensitive.  By 
subsequently  washing  with  (calcareous)  water, 
the  metalhc  salt  absorbed  by  the  silk  is  dis- 
sociated, and  an  insoluble  basic  salt  is  pre- 
cipitated within  the  fibre. 

Cotton  is  mordanted  with  metallic  salts  by 
processes  very  different  from  those  adopted  for 
wool  and  silk,  since  it  has  not  the  property  of 
causing  the  dissociation  of  the  metallic  salts  when 
boiled  or  steeped  in  their  solutions.  The  methods 
adopted  also  vary  according  to  the  form  of  the 
material,  i.e,  whether  it  be  cotton- wool,  yarn, 
or  cloth. 

With  calico,  it  is  usual  to  impregnate  the 
fabric  with  solutions  of  metallic  acetates,  then 
to  dry  it,  and  expose  for  several  hours  to  a moist 
warm  atmosphere.  During  this  so-called  ‘ age- 
ing ’ process,  dissociation  of  the  salt  takes  place, 
acetic  acid  escapes,  and  a more  or  less  basic  salt 
remains  fixed  upon  the  fibre. 

Sometimes  the  ‘ ageing  ’ is  replaced  by  a 
‘ steaming  process,’  in  which  the  fabric  is  exposed 
from  ^ to  1 hour  to  the  action  of  high  or  low 
pressure  steam  in  a closed  chamber.  This  method 
is  adopted  by  the  printer  of  textile  fabrics  in  the 
so-called  ‘ steam  style,’  in  which  a mixture  of 
colouring  matter  and  metalhc  salt  (usually 
acetate)  is  printed  upon  the  fabric,  which  is  then 
dried  and  steamed.  The  metallic  salt  is  decom- 


posed, a basic  salt  is  precipitated  upon  the  fibre, 
and  at  the  same  time  the  mordant  combines  with 
the  colouring  matter  and  produces  the -coloured 
pigment.  This  method  is  analogous  to  the 
single-bath  process  of  the  woollen  dyer. 

Cotton  may  also  be  mordanted  by  impreg- 
nating it  with  a metallic  salt  solution,  drying, 
and  then  passing  through  a solution  of  an 
alkaline  substance,  e.g.  ammonia,  chalk,  sodium 
carbonate,  &c.,  to  neutralise  the  acid  and 
precipitate  upon  the  fibre  a basic  salt  or  metallic 
oxide.  Solutions  of  an  alkali  salt,  the  acid  of 
which  forms  an  insoluble  compound  with  the 
base  of  the  mordant,  e.g.  sodium  phosphate, 
silicate,  arsenate,  &c.,  are  also  employed.  The 
substances  used  in  this  manner  for  fixing  the 
mordant  upon  the  fibre  are  termed  fixing  agents. 

In  some  cases  of  mordanting,  the  cotton  is 
first  impregnated  with  the  fixing  agent  {e.g. 
tannic  acid,  sulphated  oil,  &c.),  then  dried  and 
afterwards  passed  through  the  mordant  solution, 
as  for  example,  in  Turkey-red  dyeing. 

Special  methods  of  mordanting  cotton  are 
occasionally  adopted,  in  accordance  with  the 
properties  of  the  metallic  salt  employed.  Stannic 
oxide,  for  example,  may  be  fixed  on  cotton  by 
passing  the  fabric  through  a solution  of  sodium 
stannate,  and  then  through  dilute  sulphuric  acid, 
and  finally  washing.  Alumina  is  precipitated  on 
the  fibre  by  the  mere  exposure  to  air  of  cotton 
impregnated  with  sodium  aluminate,  in  which 
case  atmospheric  carbonic  acid  is  the  active 
fixing  agent. 

The  chromium  mordants  are  of  the  first 
importance,  since,  with  different  colouring 
matters,  they  yield  a considerable  range  of 
colours  which  are  remarkable  for  their  per- 
manence. The  most  important  chromium 
mordants  are  potassium  and  sodium  dichro- 
mates, and  they  are  more  largely  used  as 
mordants  in  wool  dyeing  than  all  other  metallic 
salts.  In  cotton  dyeing  they  are  not  used  as 
mordants,  but  are  frequently  emj^loyed  as  oxidis- 
ing agents,  e.g.  to  develop  the  colour  in  dyeing 
catechu  brown  or  aniline  black.  Dichromates 
are  also  used  in  producing  ‘ chrome  yellow  ’ and 
‘ orange  ’ (chromates  of  lead)  on  cotton.  Chrom- 
ium fluoride  (CrF3,4H20)  is  also  used  to  a 
limited  extent  as  a mordant  for  wool.  Other 
chromium  salts  employed  as  mordants,  chiefly 
for  cotton,  are  chrome  alum,  chromium  acetate, 
and  various  chromates  of  chromium.  Chrome 
alum  is  obtained  in  large  quantities  as  a by- 
product during  the  manufacture  of  alizarin ; 
chromium  acetate  is  prepared  by  mixing  together 
solutions  of  chrome  alum  and  lead  acetate. 

Wool  is  mordanted  with  chromium  by  boiling 
for  1-1|  hours  in  a solution  containing  3 p.c. 
potassium  (or  sodium)  dichromate  calculated  on 
the  weight  of  wool.  In  many  cases  it  is  bene- 
ficial to  add  1 p.c.  sulphuric  acid  (sp.gr.  1-84) 
or  1*5  p.c.  hydrochloric  acid  (sp.gr.  D16),  or 
6 p.c.  tartaric  acid,  or  1 to  2 p.c.  formic  acid, 
whereby  fuller  or  brighter  colours  are  ultimately 
obtained.  When  potassium  dichromate  alone 
is  employed,  partial  decomposition  of  the 
salt  occurs,  accompamied  by  some  reduction, 
the  wool  absorbing  some  chromic  acid  and 
chromium  chromate  as  well  as  potassium  di- 
chromate. When  an  addition  of  sulphuric 
acid  is  made,  the  wool  absorbs  only  chromic 
acid.  In  both  cases  the  mordanted  wool 
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has  a yellow  or  buff  colour,  and  only  in  the 
dye- bath  does  the  reduction  to  the  real  nior- 
dantingij^body,  chromic  oxide,  take  place  within 
the  fibre  through  the  interaction  of  the  colouring 
matter.  When  formic  or  tartaric  acid  is  the 
assistant  employed,  the  mordanted  wool  has  a 
green  colour,  reduction  of  the  chromic  acid 
taking  place  already  in  the  mordanting  bath, 
and  chromic  hydrate  being  deposited  within  the 
\vool  substance.  If  large  amounts  of  potassium 
dichromate  are  employed  in  mordanting,  especi- 
ally if  sulphuric  acid  is  also  added  to  the  bath, 
bad  results  may  be  obtained  through  the  colour- 
ing matter  being  oxidised  and  destroyed  by  the 
excess  of  chromic  acid  present  in  the  wool.  This 
defect  is  known  as  ‘ over- chroming.’  In  certain 
cases,  potassium  dichromate  may  be  usefully 
applied  in  the  same  bath  with  the  colouring 
matter  [e.g.  with  alizarin),  or  by  an  after  pro- 
cess {e.g.  in  the  case  of  camwood). 

Silk  is  not  usually  mordanted  with  chromium. 
It  becomes  mordanted,  however,  if  boiled  with  a 
solution  of  potassium  dichromate  and  tartaric 
acid  after  the  manner  of  wool,  but  not  if  potas- 
sium dichromate  alone,  or  with  the  addition 
of  sulphuric  acid,  is  employed.  The  fibre  is 
somewhat  injured  by  this  process. 

Cotton  may  be  mordanted  with  chromium 
by  impregnating  it  with  a moderately  concen- 
trated solution  of  chrome  alum,  drying,  and 
passing  through  a boiling  solution  of  sodium 
carbonate  or  caustic  soda.  Better  results  are 
obtained  by  the  use  of  ‘ chromium  mordant 
G.  A.  I.’  or  ‘ G.  A.  II.’  (M.  L.  & B.),  which  are 
solutions  of  chromium  chromates.  Other  satis- 
factory mordants  for  cotton  are  chromium  bi- 
sulphite (Knecht)  and  sodium  chromite  {Koech- 
lin).  A method  in  vogue  with  the  printer  is  to 
impregnate  (pad)  or  print  the  cotton  with  a 
mixture  of  colouring  matter  and  chromium 
acetate,  dry  and  steam  (‘  steam  colours  ’). 

The  chief  aluminium  mordants  employed  for 
wool  are  aluminium  sulphate  and  alum.  The 
best  results  are  usually  obtained  by  boiling  the 
wool  for  1-1  f hours  with  a solution  of  8-10  p.c. 
of  the  aluminium  salt  calculated  on  the  weight 
of  the  wool,  with  the  addition  of  cream  of  tartar, 
in  the  proportion  of  3 mols.  to  1 mol.  aluminium 
sulphate.  Aluminium  tartrate  also  gives  ex- 
cellent results,  but  it  is  cheaper  to  allow  this 
salt  to  be  formed  in  the  mordanting  bath  itself 
in  the  manner  described.  With  some  colouring 
matters,  oxalic  acid  or  potassium  binoxalate  are 
to  be  preferred  as  assistants  to  cream  of  tartar. 

Silk  is  mordanted  by  boiling  with  dilute 
aluminium  sulphate  solution,  or  by  steeping 
24  hours  in  a concentrated  solution,  and  then 
washing  in  water,  preferably  calcareous. 

The  methods  of  mordanting  cotton  with 
aluminium  are  various.  It  may  be  impregnated 
with  a moderately  concentrated  solution  of 
alum  or  aluminium  sulphate,  dried,  and  then 
passed  for  a few  minutes  into  a hot  solution  of 
sodium  phosphate,  arsenate,  or  silicate,  or  am- 
monium carbonate.  Or  the  cotton  may  be 
impregnated  with  a cold  solution  of  neutralised 
sulphated  oil,  or  of  tannic  acid,  then  dried,  and 
steeped  in  a solution  of  aluminium  acetate  or 
basic  aluminium  sulphate.  Another  method 
consists  in  impregnating  the  cotton  with  a solu- 
tion of  sodium  aluminate,  drying  and  exposing 
to  the  air,  or  passing  through  a solution  of  am- 


monium chloride.  Normal  and  basic  aluminium 
acetates  are  also  employed,  the  cotton  being 
impregnated  with  their  solutions,  then  dried, 
and  exposed  to  a moist  warm  atmosphere 
(‘  ageing  ’),  and  finally  passed  through  a hot 
solution  of,  e.g.,  sodium  arsenate.  The  alumin- 
ium acetates  employed  are  prepared  by  dis- 
solving aluminium  hydrate  in  acetic  acid,  or  by 
decomposing  a solution  of  aluminium  sulphate 
with  calcium  or  lead  acetate  (‘red  liquor’). 
The  more  basic  the  aluminium  salts  are,  the 
more  readily  do  their  solutions  precipitate  by 
heating  or  on  dilution  with  water,  and  the 
larger  the  quantity  of  alumina  they  yield  to 
the  fibre  when  used  as  mordants. 

The  chief  iron  mordants  employed  are  ferrous 
sulphate  and  acetate,  and  ferric  sulphate,  ace- 
tate, and  nitrate. 

- The  ferrous  acetate  employed  is  made  by  dis- 
solving scrajD  iron  in  pyroligneous  acid.  The 
‘ pyrolignite  of  iron  ’ or  ‘ black  iron  liquor  ’ thus 
obtained  is  preferable  to  that  made  by  the 
mutual  decomposition  of  ferrous  sulphate  and 
lead  acetate  solutions,  being  less  liable  to  oxidise 
because  of  the  presence  of  tarry  matter  and 
reducing  agents,  e.g.  pyrocatechol,  &c.  Ferric 
sulphate  is  prepared  by  heating  a mixture  of 
definite  proportions  of  ferrous  sulphate,  sul- 
phuric acid,  and  nitric  acid.  Although  the 
last-mentioned  substance  is  only  used  as  an 
oxidising  agent,  the  final  preparation  is  generally 
termed  by  dyers  ‘ nitrate  of  iron.’  The  so- 
called  ‘ pure  nitrate  of  iron  ’ (ferric  nitrate) 
is  prepared  by  dissolving  scrap  iron  in  nitric 
acid. 

Wool  may  be  mordanted  by  boiling  in  a 
solution  of  7 p.c.  ferric  sulphate  [Fe2(S04)3]  and 
4 p.c.  potassium  binoxalate,  calculated  on  the 
weight  of  the  wool,  but  iron  is  now  very  little 
used  as  a mordant  for  wool. 

Silk  may  be  mordanted  by  steeping  for  about 
12  hours  in  a cold  solution  of  jDyrolignite  of 
iron  (sp.gr.  1'025),  and  afterwards  washing  well. 
The  most  usual  mordant,  employed  largely  in 
black-silk  dyeing,  is  the  basic  ferric  sulphate 
re4(S04)5(0II)2.  The  silk  is  steeped  in  a some- 
what concentrated  solution  of  this  salt  (sp.  gr. 
D25)  for  about  1 hour,  then  squeezed  and  well 
washed.  The  operations  are  repeated  seven  or 
eight  times,  after  which  the  silk  is  boiled  in  an 
old  soap-bath  and  finally  washed.  In  this  pro- 
cess, the  very  sensitive  basic  ferric  sulphate  ab- 
sorbed by  the  fibre  is  decomposed  during  the 
several  washings,  a still  more  basic  and  insoluble 
salt  being  precipitated  within  the  fibre. 

Cotton  is  usually  mordanted  with  iron  by 
first  impregnating  it  with  a cold  solution  of  tan- 
nin matter  {e.g.  myrobolans),  and  then,  with  or 
without  drying,  passing  into  a dilute  solution  of 
ferrous  acetate,  ferric  sulphate,  or  nitrate  (sp.gr. 
1 -01-1 '02).  The  cotton  may  alternatively  be 
impregnated  with  ferrous  or  ferric  acetate,  dried, 
and  exposed  to  a moist  warm  atmosphere  ( ‘ age- 
ing ’),  finally  fig;ing  the  mordant  by  passing 
through  a hot  solution  of,  e.g.,  sodium  phosphate. 

Tin  mordants  are  now  rarely  used,  but  if 
required  the  stannous  salts  are  employed  for 
wool  and  the  stannic  salts  for  cotton.  The  chief 
stannous  mordant  is  stannous  chloride  or  ‘ tin 
crystals.’  It  is  frequently  sold  as  a somewhat 
acid  solution  under  the  names  of  ‘ single  muriate 
of  tin’  (sp.gr.  1-3),  or  ‘double  muriate  of 
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tin  ’ (sp.gr.  1*6).  The  general  name  ‘ tin  spirits  ’ 
is  given  to  a variety  of  solutions  of  tin  in  mixtures 
of  hydrochloric,  sulphuric  and  nitric  acids. 

Wool  is  mordanted  by  boiling  in  a solution 
containing  6 p.c.  of  the  weight  of  wool  of  stan- 
nous chloride,  and  6-10  p.c.  cream  of  tartar. 
Large  proportions  of  stannous  chloride  should 
be  strictly  avoided,  otherwise  the  dyed  wool  feels 
harsh  and  its  general  properties  are  impaired. 

Silk  may  be  mordanted  in  the  same  manner 
as  wool,  or  steeped  several  hours  in  a more 
or  less  concentrated  solution  of  stannic  chloride, 
and  then  well  washed. 

Cotton  is  mordanted  with  stannic  oxide  by 
impregnating  the  cotton  with  cold  tannin  solution 
{e.g.  sumach)  for  3 hours,  then  squeezing,  and, 
with  or  usually  without  drying,  steeping  1 
hour  in  a dilute  solution  of  stannic  chloride 
(sp.gr.  L02),  and  washing.  Cotton  thus  mor- 
danted was  much  used  formerly  for  fixing 
mordant  dyes — peachwood,  logwood,  &c.,  in 
which  case  the  stannic  oxide  constituted  the 
mordant,  the  tannic  acid  acting  as  fixing  agent. 
Now  that  the  basic  coal-tar  dyes  are  so  much 
employed  in  dyeing  cotton,  although  the  same 
method  of  mordanting  is  employed,  the  roles  of 
the  tin  salt  and  tannic  acid  are  reversed,  for  it 
is  really  the  tannic  acid  which  is  the  essential 
mordant,  while  the  stannic  chloride  serves  only 
as  the  fixing  agent. 

Acid  mordants  are  employed  for  fixing  l^ic 
colourino;  matters  on  cotton.  Thev  are  not  used 
in  wool  or  silk  dyeing,  since  these  fibres  them- 
selves act  as  acid  mordants,  and  are  dyed 
directly  without  the  aid  of  any  external  mordant. 

Tannic  acid  is  the  mordant  par  excellence 
for  fixing  the  basic  coal-tar  colours  on  cotton. 
This  fibre  absorbs  tannic  acid  from  its  cold  solu- 
tion, and,  when  thus  prepared,  if  immersed 
in  a solution  of  a basic  colouring  matter,  the 
tannic  acid  combines  with  the  colour  base,  a 
coloured  lake  is  formed  within  the  substance  of 
the  fibre,  and  the  cotton  becomes  dyed.  During 
the  dyeing  process,  the  acid  originally  in  com- 
bination with  the  colour  base  is  displaced,  and 
since  in  the  free  state  it  interferes  with  the  com- 
plete formation  of  the  colour  lake,  it  is  found 
beneficial  to  add  a small  proportion  of  sodium 
carbonate  or  acetate  to  the  dye-bath.  Since  the 
tannates  of  colour  bases  are  somewhat  soluble,  in 
excess  of  tannic  acid  or  in  alkaline  (or  soap) 
solutions,  it  is  necessary  in  practice  to  fix  the 
tannic  acid  on  the  fibre,  previous  to  dyeing,  in  the 
form  of  an  insoluble  metallic  tannate.  This  is 
done  by  passing  the  tannic-acid-prepared  cotton 
through  a hot  or  cold  solution  of  tartar  emetic  or 
stannic  chloride  ; tannate  of  antimony  or  tin  is 
thus  fixed  on  the  fibre,  and  these  salts  have  as 
great  an  affinity  for  the  colour  base  as  free  tannic 
acid  has.  Cotton  thus  mordanted  and  dyed  is 
probably  permeated  with  a very  insoluble  double 
tannate  of  antimony  or  tin  and  colour  base  ; a 
triple  compound  which  is  insoluble  in  alkaline 
solutions,  and  therefore  fast  to  washing  with 
soap,  &c. 

The  tannin  mordants,  chiefly  used  by  the 
dyer,  are  gall  nuts  and  sumach,  for  light  colours  ; 
and  myrobolans,  divi-divi,  quebracho,  and 
chestnut  extract,  for  dark  colours  and  blacks. 

As  already  pointed  out,  tannic  acid  is  some- 
times used  as  a fixing  agent  for  tin,  iron,  or 
aluminium  mordants,  and  since  its  iron  com- 
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pound  is  of  a bluish -black  colour,  it  sometimes 
serves  as  a useful  colouring  matter. 

Tannic  acid  is  not  used  as  a mordant  for 
wool,  but  for  silk  it  is  largely  employed,  partly 
for  adding  weight  to  the  silk,  and  partly  for  the 
purpose  of  dyeing  it  black  in  conjunction  with 
iron  mordants.  Its  utility  as  a weighting  agent 
is  owing  to  the  fact  that  under  suitable  con- 
ditions silk  absorbs  as  much  as  25  p.c.  of  its  own 
weight  of  tannic  acid  from  a hot  solution, 
whereby  the  fibre  gains  not  only  in  weight,  but 
also  in  volume. 

Fatty  acids  are  used  as  mordants,  very  much 
in  the  same  way  as  tannic  acid,  for  fixing 
the  basic  coal-tar  colours  on  cotton.  They  are, 
however,  not  attracted  by  cotton  from  their 
solutions,  but  they  form  insoluble  lakes  with 
the  colour  bases.  The  method  of  procedure 
is  to  impregnate  the  cotton  with  a more  or  less 
concentrated  solution  of  their  alkali  salts,  viz. 
soap  ; after  drying,  the  fabric  is  passed  through, 
or  preferably  steeped  in,  a cold  solution  of 
aluminium  sulphate,  and  washed.  Although  the 
fatty  acid  is  thus  fixed  on  the  fibre  as  an  insoluble 
aluminium  soap,  it  is  still  capable  of  combining 
with  the  colour  base  when  the  cotton  is  passed 
into  a solution  of  a basic  colouring  matter. 
Colours  dyed  by  this  method  are  brighter  than, 
but  not  so  fast  to  washing  as  those  fixed  by 
means  of  tannic  acid. 

Instead  of  ordinary  soap,  a more  con- 
venient fatty-acid  mordant  to  employ  is  the 
so-called  ‘ sulphated  oil.’  This  is  prepared  bv 
mixing  two  parts  by  weight  of  castor  oil  with 
about  one  part  of  sulphuric  acid  (sp.gr.  1 -84),  and 
allowing  the  mixture  to  stand  for  24  hours.  It 
is  then  washed  with  a strong  solution  of  common 
salt  to  free  it  from  excess  of  acid,  and  is  finally 
neutralised  with  ammonia  or  caustic  soda.  The 
product  of  the  action  of  the  acid  upon  the  oil 
is  somewhat  complex,  but  its  practical  utility 
depends  upon  the  fact  that  it  behaves  like  a 
fatty  acid  and  gives  an  extremely  soluble  soap 
with  alkalis.  Ordinary  castor-oil  soap  pro- 
duced by  boiling  the  oil  v/ith  caustic  soda  is 
also  very  soluble,  and  may  be  used  as  a mordant, 
ftulphated  oil  is  frequently  called  ‘ Turkey- 
red  oil,’  ‘ alizarin  oil,’  and  ‘ soluble  oil,’  since 
it  is  largely  used  in  the  modern  short  process 
of  Turkey-red  dyeing  as  the  fixing  agent  for 
the  necessary  aluminium  mordant,  and  it  gives 
the  characteristic  brilliancy  of  colour  obtained 
by  the  use  of  the  oil  preparations  formerly 
employed.  Monopole  oil  is  a similar  product. 

Phenolic  colouring  principles,  e.g.  alizarin, 
and  certain  acid  colouring  matters  derived 
from  benzidene,  stilbene,  fluorene,  &c.  (the 
direct  cotton  dyes)  can  also  be  fixed  on  cotton, 
and  serve  as  mordants  for  basic  colouring  mat- 
ters, but  they  are  only  occasionally  used  for  this 
purpose  for  the  production  of  compound  shades. 

Co]LOUPviNG  Matters. 

(For  Classification,  see  p.  575). 

General  Methods  of  Application. 

Class  I. — Mordant  dyes.  This  group  of  dye- 
stuffs includes  the  majority  of  the  natural  dyes, 
also  the  numerous  class  of  alizarin  dyes,  a number 
of  derivatives  of  pijrogallol  and  other  phenols, 
and  certain  azoqidnone-oximes  and  nitroso-  dyes. 
The  following  are  the  chief  members  of  the  group. 
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Mordant  dyes  of  natural  origin — Logwood  ; I matter  which  is  imperfectly  fixed  ; but,  however 


limawood  and  other 
camwood  and  other 
fustic  ; weld ; querci- 


madder ; cochineal ; 

‘ soluble  redwoods  ' 

‘ insoluble  redwoods 
tron  bark  and  flavin, 

Synthetic  mordant  dyes. — Alizarin  ; anthra- 
purpurin,  flavopurpurin,  and  purpurin ; nitro- 
alizarin  (alizarin  orange)  ; alizarin  maroon 
(aminoalizarin)  ; alizarin  bordeaux ; anthra- 


thorough  the  washing  may  be,  there  is  usually  a 
small  amount  of  colouring  matter  present  on  the 
dyed  wool,  which  has  merely  been  absorbed 
without  combining  with  the  mordant.  This 
free  colouring  matter  will  dissolve  out  or  ‘ bleed  ' 
during  milling  or  scouring,  because  most  mor- 
dant dyes  are  readily  soluble  in  alkaline  solu- 
tions, A slight  supplementary  mordanting 
cene  brown ; alizarin  blues  ; alizarin  cyanins  ; I (‘  afterchroming  ’)  is  frequently  used  to  fix  this 


anthracene  blues  ; alizarin  greens  ; coerulein 
anthracene  yellow  ; mordant  yellow,  galloflavin. 


small  amount  of  free  dyestuff. 

The  ‘ dyeing  and  saddening  ’ method  is  not 


&c.  ; alizarin  black  ; gallein  ; gallocyanin  ; much  used  with  the  true  mordant  dyestuffs,  but 
coelcstine  blue  ; naphthol  green,  dark  green,  is  the  chief  process  used  in  applying  the  acid  mor- 


gambine,  &c. 


dant  dyes.  Since  the  ultimate  intensity  of  colour 


The  mordant  dyes  are  largely  used  in  the  depends  chiefly  upon  the  amount  of  dyestuff 
dyeing  of  wool  and  in  the  dyeing  and  printing  of  which  is  fixed  in  the  first  bath,  whilst  the  colour 
cotton  and  silk.  Generally  speaking,  they  yield  is  only  developed  by  the  mordant  in  the  second 
colours  which  are  of  great  fastness  to  light,  bath,  it  is  obviously  more  difficult  to  exactly 
soaping,  acids,  alkalis,  bleaching  agents,  &c.  match  a pattern  when  this  process  is  used  than 
As  regg-rds  cotton  dyeing,  they  have  largely  been  when  the  mordant  is  applied  first, 
replaced  by  ‘ after-treated  ’ direct  dyes  anfll  the  In  the  ‘ single-hath  ’ method  of  dyeing,  the 
very  fast  vat  and  sulphide  dyes  recently  intro-  bath  is  prepared  with  the  necessary  amount  of 
duced.  mordant  and  dyestuff  with  an  addition  of 

When  a fabric,  previously  mordanted  with  sufficient  acid  (usually  oxalic  or  acetic  acid)  to 
a metallic  salt,  is  dyed  with  a mordant  dye,  a dissolve  the  colour  lake  formed.  This  process 
chemical  reaction  takes  place,  resulting  in  the  is  therefore  only  suitable  when  the  colour  lake 
formation  of  a new  compound  which  is  the  is  soluble  in  dilute  acid,  and  this  is  particularly 
actual  colouring  substance ; this  compound  characteristic  of  the  tin  and  aluminium  colour 
being,  at  the  same  time,  fixed  upon  the  fibre,  lakes  ; although  the  single-bath  process  is  also 
which  thus  becomes  dyed.  These  colour  lakes  frequently  applicable  in  the  case  of  ferrous 
or  pigments  may,  for  the  most  part,  be  equally  sulphate  or  chromium  fluoride  mordants, 
well  produced  by  bringing  together  the  mordant  The  dyeing  of  silk  with  mordant  dyes. — ^The 
and  the  dyestuff  under  suitable  conditions  in  the  mordant  dyes  are  not  very  largely  used  on  silk, 
absence  of  the  fibre.  Many  colour  lakes  of  this  chiefly  because  they  detract  somewhat  from  the 


class  are  indeed  manufactured  in  bulk  for  use  in 
printing  or  painting. 


lustre  of  the  fibre.  The  degree  of  fastness  of 
the  acid  dyes,  if  suitably  selected,  is,  moreover. 


There  are  three  methods  by  which  mordant  usually  sufficient  for  the  requirements  of  the 
dyes  may  be  applied  : (1)  the  mordant  may  be  silk  dyer.  The  methods  of  mordanting  have 
first  applied  to  the  fibre,  and  afterwards  the  already  been  dealt  with.  Dyeing  must  take 
dyestuff  in  a separate  operation  ( ‘ mordanting  place  at  the  boil  for  about  an  hour,  and  the  silk 


and  dyeing  method  ’) ; (2)  the  order  of  applica- 
tion of  mordant  and  dye  may  be  reversed 
(‘  dyeing  and  saddening  method  ’) ; or  (3)  the 
mordant  and  dyestuff  may  be  applied  simul- 
taneously (‘single-bath  method’).  All  three 


is  subsequently  brightened  by  working  in  a 
warm  dilute  solution  of  acetic  or  tartaric  acid. 


and  dried  without  washing 


Dyeing  of  cotton  ivith  mordant  dyes. — The 
mordanting  and  dyeing  ’ method  is  generally 


methods  are  in  use.  If  equally  good  results  can  used  in  cotton  dyeing.  Aluminium  is  the  chief 


be  obtained,  the  ‘ single- bath  ’ process  is  to  be 
preferred,  but  usually  the  ‘ mordanting  and 
dyeing  ’ process  gives  the  maximum  fastness. 

The  dyeing  of  wool  with  mordant  dyes. — 
When  potassium  dichromate  is  employed  as 
mordant,  the  ‘ mordanting  and  dyeing  ’ process 


mordant  employed,  and,  in  conjunction  with 
alizarin,  it  yields  the  important  Turkey-red  dye. 
This  is  a complex  compound  containing  an 
alizarin-aluminium-calcium  lake  in  combination 
with  polymerised  fat  acids.  In  the  production  of 
this  colour,  the  cotton  is  first  prepared  with 


is  usually  preferable,  because,  in  the  ‘ single-bath’  sulphated  oil,  then  dried,  mordanted  with  alum, 
process,  the  acid  necessarily  added  to  dissolve  and  subsequently  dyed  with  alizarin.  The 
the  colour  lake  formed  in  the  dye-bath,  converts  complete  process  involves  a large  number  of 
the  mordant  into  such  a powerful  oxidising  operations,  for  the  details  of  which  manuals  of 


dyeing  must  be  consulted.  The  dyeing  of 
Turkey  red  is  a very  ancient  process,  having 


agent  by  liberating  chromic  acid,  that  most 
dyestuffs  are  injuriously  affected.  In  the  two- 
bath  process,  the  wool  should  be  thoroughly  1 been  carried  out  centuries  ago  in  India  by  the 
washed  after  mordanting.  If  this  operation  is  aid  of  milk  (as  fatty  matter)  and  munjeet,  the 
omitted,  a portion  of  the  mordant  passes  from  Indian  madder  plant.  No  alum  was  employed, 
the  wool  into  the  dye-bath,  and,  combining  with  but  the  plant  witli  its  earthy  incrustations  con- 
an  equivalent  amount  of  colouring  matter,  forms  tained  sufficient  alumina  to  produce  the  alumina 
a precipitate  which  floats  about  in  an  insoluble  lake.  The  art  spread  from  the  East  through 
condition.  This  not  only  leads  to  loss  of  dye-  Persia  and  Turkey,  and  was  first  introduced  into 
stuff,  but  also  tends,  by  superficial  absorption,  this  country  (Glasgow)  in  1790.  Madder  has 

to  cause  the  dye  to  ‘rub  off.’  The  dyeing  now  been  entirely  replaced  by  synthetic  alizarin 
process  consists  in  boiling  the  wool  for  from  1 to  in  Turkey-red  dyeing,  and  the  substitution  of 


2 hours  with  the  colouring  matter  in  aqueous 
solution.  The  final  washing,  after  dyeing,  has 
for  its  object  the  removal  of  any  colouring 


‘ sulphated  oil  ’ for  olive  oil  or  soap  has  also 
greatly  simplified  the  process. 

Another  important  mordant  dye  on  cotton 
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is  logwood  black,  which  is  obtained  by  dyeing 
with  logwood  on  tannin-iron  mordant.  It  is 
largely  used  in  hank  and  warp  dyeing.  Catechu 
brown  is  produced  by  the  ‘ dyeing  and  sadden- 
ing ’ method,  the  cotton  being  first  steeped  in 
a strong  solution  of  catechu,  and  subsequently 
treated  with  potassium  dichromate.  The  latter 
acts  essentially  as  an  oxidising  agent,  producing 
the  so-called  japom'c  acid  on  the  fibre. 

A great  variety  of  permanent  and  bright 
colours  may  be  obtained  with  mordant  dyes  on 
cotton  mordanted  with  chromium  or  aluminium, 
but  they  are  not  very  largely  used,  fast  colours 
being  chiefly  produced  by  means  of  the  sulj)liide, 
vat,  and  ingrain  dyes  (Classes  VI.,  VII.,  VIII.). 

Class  II. — Acid-mordant  dyes.  These  dyes 
are  suitable  only  for  wool  and  silk,  and  are 
largely  used  on  wool.  They  are  now  very 
numerous,  and  are  chiefly  azo-  compounds  con- 
taining salicylic  acid  or  orthoaminophenol  com- 
ponents. Some,  however,  are  anthracene  or 
pyrogallol  derivatives.  Unlike  the  mordant 
dyes,,  they  usually  contain  sulphonic  acid 
groups. 

Many  of  the  acid-mordant  dyes  may  be 
employed  as  ordinary  acid  dyes,  since  a mordant 
is  not  essential  to  the  development  of  their 
colour.  Usually,  however,  such  dyestuffs  pro- 
duce faster  colours  when  applied  in  conjunction 
with  a mordant. 

An  exhaustive  list  of  acid-mordant  dyestuffs 
cannot  be  given,  but  the  following  will  serve  as 
examples.  They  include  dyes  giving  a complete 
range  of  colours.  Reds  : acid-alizarin,  anthra- 
cene, chrome,  cloth  and  milling  reds.  Oranges 
and  yellows  : cloth  oranges  and  yellows,  alizarin 
yellows  (certain  marks  are  mordant  dyes), 
chrome  yellows,  milling  orange  and  yellow, 
diamond,  and  mordant  yellow.  Greens  : acid- 
alizarin,  chrome,  diamond  and  milling  greens. 
Blues  : acid- alizarin,  brilliant- alizarin  and 
chrome  blues  ; chromotropes  (chromotropes  dye 
red  as  acid  dyes).  Violets  : alizarin  heliotropes  ; 
anthraquinone  and  chrome  violets  ; fast  violet. 
Blacks  and  greys  : acid-alizarin,  acid-chrome, 
anthracene-acid,  anthracene  chrome,  chrome, 
chromotrope  and  diamond  blacks.  Browns : 
acid-alizarin,  acid- anthracene,  chrome,  cloth, 
diamond,  and  palatine  browns  ; chromogen. 

Dyeing  of  wool  with  acid-mordant  dyestuffs. — 
The  usual  method  of  application  of  this  class  of 
dyestuffs  is  to  prepare  a bath  containing  the 
necessary  amount  of  dyestuff  along  with  1 to 
3 p.c.  sulphuric  or  3 to  5 p.c.  acetic  acid,  and 
5 to  10  p.c.  sodium  sulphate  (Glauber’s  salt) 
(all  calculated  on  the  weight  of  wool).  After 
the  solution  has  been  brought  gradually  to  the 
boiling-point,  the  boiling  is  continued  until  the 
colouring  matter  is  entirely  fixed,  an  additional 
amount  of  acid  being  added  if  necessary.  Excess 
of  acid,  however,  frequently  retains  the  dyestuff 
in  solution.  The  wool  is  then  removed  from 
the  bath,  the  metallic  salt  is  added,  and  the 
wool  is  again  boiled  in  the  bath  for  half  an 
hour.  In  most  cases,  potassium  dichromate, 
to  the  extent  of  one-half  the  weight  of  the 
dyestuff,  is  the  mordant  employed. 

A modification  of  this  process  is  used  with 
the  metachrome  series  of  dyestuffs.  The  meia- 
chrome  mordant  is  a mixture  of  yellow  potassium 
chromate  and  ammonium  sulphate.  The  bath 
is  prepared  with  3 to  5 p.c.  of  this  mordant 


together  with  the  dyestuff.  A prolonged  boiling 
is  necessary,  during  which  the  ammonium  salt 
is  decomposed,  ammonia  being  evolved  and 
the  liberated  sulphuric  acid  gradually  converts 
the  ehromate  into  dichromate  and  assists  in  the 
fixation  of  the  dye  and  the  formation  of  the  colour 
lake. 

The  anthracene  chromate  dyes  are  applied  in 
a bath  containing  colouring  matter,  dichromate, 
and  sodium  sulphate ; this  being  another 
modification  of  the  usual  process. 

The  mercerol  and  autochrome  dyes  are  also 
applied  by  special  processes. 

The  acid- mordant  dyes  are  of  increasing 
importance  in  wool  dyeing,  but  are  little  used  on 
silk,  and  not  at  all  on  cotton. 

CiAss  III. — Acid  dyestuffs.  The  acid  dyes 
constitute  the  most  numerous  class  of  synthetic 
colouring  matters.  The  chief  chemical  groups 
of  acid  dyes  are  azo-  dyes,  nitro-  compounds, 
sidphonated  basic  dyes,  and  phthaleins ; the 
greatest  number  being  azo-  dyes.  The  azo-  dyes 
contain  few  greens,  blues,  and  violets  ; but  the 
reds,  oranges,  yellows,  browns,  and  blacks  are 
very  numerous.  The  nitro-  compounds  are  few 
in  number  and  are  all  yellows,  the  chief  being 
picric  acid  and  naphthol  yellow.  The  greater 
number  of  the  sulphonated  basic  dyes,  on  the 
other  hand,  are  greens,  blues,  and  violets,  but 
acid  magenta  belongs  to  this  gioup.  The 
resorcin  or  phthalein  dyes  are  chiefly  brilliant 
pinks  or  reds,  the  eosins  being  the  most  im- 
portant group. 

So  extremely  numerous  are  the  acid  dyes, 
and  their  names  are  so  varied,  that  no  useful 
purpose  would  be  served  by  the  enumeration  of 
a small  number  of  the  products. 

The  dyeing  of  wool  with  acid  dyes. — The 
commercial  acid  dyes  are,  in  most  cases,  the 
sodium  salts  of  sulphonic  acids.  The  nitro- 
compounds, however,  owe  their  acid  character 
to  the  presence  of  nitro-  groups  in  the  molecule. 

The  simplest  and  most  usual  method  of 
dyeing  acid  colours  on  wool  is  to  prepare  a bath 
containing  the  requisite  amount  of  dyestuff 
with  1 to  4 p.c.  of  sulphuric  acid  and  10  to  20 
p.c.  of  sodium  sulphate  (Glauber’s  salt).  The 
wool  is  dyed  in  this  solution  for  about  an  hour, 
boiling  for  the  greater  part  of  the  time.  Some 
dyes  require  smaller,  and  some  larger  percentages 
of  acid.  The  sodium  sulphate  has  a levelling 
influence  on  the  fixation  of  the  dyestuff,  probably 
by  reason  of  the  solvent  action  which  it  exerts, 
since  acid  dyes  are  readily  removed  (‘  stripped  ’) 
from  wool  by  boiling  in  a solution  of  sodium 
sulphate.  Another  reason  is  to  be  found  in  the 
retarding  action  which  it  exerts  in  the  liberation 
of  the  free  colour  acid  by  the  sulphuric  acid. 
The  equation,  which  may  be  expressed  as  : 

Colour  salt  + H0SO4  ^ colour  acid  + Na2S04, 

is  reversible.  (8ee  also  M.  Eirt,  Theory  of  the 
Acid  Dyebath,  J.  Soc.  Dyers,  1916,  p.  33.) 

Sodium  bisulphate  or  ‘ nitre  cake  ’ may  be 
used  in  place  of  the  sulphuric  acid  and  sodium 
sulphate,  or  the  sulphuric  acid  may  be  entirely 
replaced  by  acetic  or  formic  acid. 

In  the  case  of  dyestuffs  which  do  not  readily 
produce  level  colours  on  the  fabric,  the  acid 
may  be  added  to  the  bath  gradually  in  small 
portions  at  a time,  or  may  be  substituted  by 
an  ammonium  salt,  e.g.  ammonium  sulphate 
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or  acetate.  The  acid  is  then  liberated  very  [ 
gradually  as  the  ammonium  salt  is  decomposed  , 
in  the  boiling  bath,  and  the  colouring  matter  is 
therefore  converted  very  slowly  from  the  con- 
dition of  the  soluble  soclium  salt  to  that  of  the 
more  or  less  insoluble  free  sulphonic  acid. 

The  dyeing  of  silk  with  acid  dyes. — Acid  dyes 
are  very  largely  used  in  silk  dyeing.  They  are 
applied  in  a bath  containing  a large  quantity 
(up  to  25  p.c.  in  volume)  of  ‘ boiled-off  ’ liquor, 
the  soapy  solution  of  the  silk  gum  obtained  in 
the  ‘ ungumming  ’ of  raw  silk.  The  bath  is 
rendered  slightly  acid  by  means  of  sulphuric, 
acetic,  or  formic  acid.  Dyeing  usually  takes 
place  at  about  80°,  at  which  temj)erature  silk  has 
more  affinity  for  acid  dyes  than  in  a boiling  bath. 

After  dyeing,  the  silk  is  washed  and  is  then 
‘ brightened  ’ by  working  in  a dilute  (sulphuric, 
acetic,  or  tartaric)  acid  solution  and  dried 
without  washing. 

The  dyeing  of  cotton  with  acid  dyes. — There  is 
no  satisfactory  method  of  fixing  the  acid  dyes 
upon  vegetable  fibres,  but  for  cheap  work  they 
are  often  applied  by  a ‘ padding  ’ process. 

Class  IV. — The  direct  dyes.  The  direct  dyes 
have  the  special  property  of  dyeing  cotton 
without  the  aid  of  a mordant.  like  the  acid 
dyes,  they  are  for  the  most  part  azo-  compounds, 
but  contain  the  chromophor  — N=N—  twice  in 
the  molecule,  and  thus  belong  to  the  tetrazo- 
group  of  azo-  dyes.  They  further  resemble  the 
acid  dyes  in  that  they  are  alkali  salts  of  sul- 
phonic acids,  but  as  regards  dyeing  properties, 
they  differ  greatly  from  the  simpler  azo-acid 
dyes.  Since  the  introduction,  in  1884,  of  the 
first  of  the  direct  dyes,  a very  large  number 
have  been  placed  on  the  market,  and  the  group 
contains  dyes  of  all  colours — reds,  oranges, 
yellows,  greens,  blues,  violets,  browns,  and 
blacks.  As  examples  of  these  dyes  may  be 
mentioned  the  congo,  benzo,  diamine,  mikado, 
titan,  and  chlorazol  dyes. 

Primuline  is  an  example  of  a direct  dye 
which  is  not  an  azo-  compound.  It  contains  the 
S 

chromophor  ^^^C — . 

Turmeric  is  the  only  important  natural  direct 
dye  for  cotton. 

The  direct  dyes  are  largely  used  upon  all 
fibres.  No  satisfactory  explanation  has  been 
given  of  the  fact  that  they  readily  dye  cotton, 
whereas  the  acid  dyes  are  entirely  devoid  of 
this  property.  The  further  fact  that  the  direct 
dyes  dye  wool  in  a neutral,  or  even  slightly 
alkaline  bath,  whereas  the  acid  dyes  require 
the  addition  of  acid,  also  requires  explanation. 

The  dyeing  of  wool  with  direct  dyes. — These 
colouring  matters  are  applied  to  wool  in  a neutral 
or  feebly  acid  bath  with  or  without  the  addition 
of  sodium  sulphate  (Glauber’s  salt).  In  some 
cases,  an  after-treatment  with  a metallic  salt 
gives  improved  fastness,  the  dyes  then  practi- 
cally falling  into  the.  class  of  acid-mordaut  dyes. 

As  a class,  the  direct  dyes  on  wool  are  much 
faster  to  milling  than  the  ordinary  acid  dyes. 
When  fixed  on  wool,  they  are  also  faster  to  acids, 
washing,  and  light  than  when  dyed  on  cotton. 
Til  some  cases,  the  colour  produced  by  a direct 
dye  on  wool  and  cotton  is  identical,  in  other 
cases  it  differs  considerably. 

The  d,yeing  of  silk  with  direct  dyes. — Tliese 
dyes  are  largely  used  on  silk  both  for  self  shades 


and  also  on  account  of  their  property  of  per- 
manent reduction  to  colourless  bodies,  in  the  so- 
called  ‘ foulard  ’ style  of  printing.  They  are 
applied  in  a similar  manner  to  the  acid  dyes, 
but  smaller  amounts  of  ‘ boiled-off  liquor  ’ and 
acid  are  required. 

The  dyeing  of  cotton  with  direct  dyes. — The 
application  of  the  direct  dyes  to  cotton  is  very 
simple.  They  are  dyed  either  from  a cold,  luke- 
warm, or  boiling  solution,  to  which  is  added  a 
small  amount  (up  to  2 p.c.)  of  sodium  carbonate, 
and  an  amount  of  a neutral  salt  (up  to  20  grams 
NaCl  or  NaoS04  per  litre),  which  is  governed  by 
the  solubility  of  the  dyestuff  employed.  At  low 
temperatures  more  concentrated  solutions  of 
colouring  matter  are  required.  Brighter  colours 
are  obtained  by  passing  the  dyed  material 
through  a solution  of  Turkey-red  oil  before  dry- 
ing or  by  adding  this  substance  to  the  dye-bath. 

Mercerised  cotton  has  a much  greater 
affinity  than  ordinary  cotton  for  the  direct  dyes, 
and  in  dyeing  this  fibre  special  precautions  are 
necessary  to  produce  level  colours. 

Many  of  the  direct  dyes  produce  on  cotton 
colours  of  great  brilliance  and  richness,  but 
they  bleed  out  into  hot  water,  and  are  still 
more  readily  attacked  by  soap.  Most  of  them 
are  also  comparatively  fugitive  to  light. 

There  are  three  processes  by  means  of  which 
the  fastness -properties  of  certain  of  the  direct 
dyes  can  be  improved. 

1.  The  diazotismg  and  developing  process. — 
This  process  is  applicable  only  in  the  case  of 
those  dyestuffs  in  which  amino-  groups  con- 
stitute the  auxochrome.  The  cotton  is  first 
dyed  by  the  general  process  above  described, 
then  washed,  and  afterwards  worked  for  a few 
moments  in  a cold  dilute  solution  of  nitrous  acid 
(2  p.c.  NaNO^  and  4 p.c.  HCl  on  the  weight 
of  the  cotton).  This  treatment  diazotises  the 
amino-  groups.  The  cotton  is  then  well  washed 
in  cold  water  and  entered  immediately  into  the 
developing  bath,  which  contains  a solution  of  a 
phenolic  or  amino-  compound ; sufficient  alkali 
or  acid  respectively  being  added  to  bring  the 
‘ developer  ’ into  solution.  The  chief  developers 
used  are  phenol,  resorcinol,  a-  or.  ;8-naphthol, 
aminonaphthol,  aminodiphenylamine,  w-tolyl- 
enediamine,  and  certain  of  the  naphthol 
sulphonic  acids. 

Primuline  is  applied  by  the  process  just 
described. 

A modification  of  this  method  is  known  as 
the  ‘ coupling  process.’’  The  cotton  is  first  dyed 
with  the  direct  dye,  and,  after  rinsing,  is  worked 
in  a diazotised  solution  of  the  ‘ coupler.’  The 
chief  body  used  as  coupler  is  p-nitraniline. 
Ready  prepared  stable  diazo-  compounds  of  this 
base  are  sold  under  the  names  ‘ nitrazol,’ 
‘ azophor  red,’  and  ‘ nitrosamine  red.’ 

2.  After-treatment  with  metallic  salts. — In 
this  process  for  improving  the  fastness  of  the 
direct  dyes  on  cotton,  the  fibre  is  first  dyed  in 
the  ordinary  way,  and  then,  after  rinsing,  is 
treated  for  half  an  hour  in  a warm  slightly  acidi- 
fied solution  of  a suitable  metallic  salt.  The  salts 
chiefly  employed  are  copper  sulphate,  potassium 
dichromate,  and  chromium  fluoride  ; from  1 to  3 
p.c.  with  addition  of  2 to  4 p.c.  of  acetic  acid 
being  used.  A m.ixture  of  the  two  first-men- 
tioned salts  is  frequently  used.  This  process  is 
ipainly  employed  in  the  case  of  blues,  greens. 
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browns,  and  blacks.  The  chromium  salts  exert 
the  greatest  influence  in  increasing  the  fastness 
to  washing,  and  the  copper  salt  in  regard  to  the 
fastness  to  light. 

This  process  is  only  applicable  to  the  case  of 
dyestuffs  containing  free  OH  or  COOH  groups. 

3,  After-treatment  with  formaldehyde. — This 
process,  which  is  chiefly  used  for  navy  blues  and 
blacks,  is  carried  out  by  working  the  dyed  cotton 
for  half  an  hour  at  70°  in  a solution  containing 
about  3 p.c.  formaldehyde  (on  the  weight  of  the 
cotton).  The  fastness  against  washing  is  con- 
siderably improved  thereby. 

Cotton  dyed  with  direct  dyes  may  be 
* topped  ’ with  basic  dyes,  for  which  the  direct 
dyes  act  as  mordants. 

Class  V. — The  basic  dyes.  This  group  of 
colouring  matters  is  numerically  smaller  than 
the  mordant,  acid,  or  direct  dye  groups.  It 
includes,  however,  the  most  brilliant  dyes  known, 
rhodamine  pink,  auramine  yellow,  malachite 
green,  methylene  blue,  and  methyl  violet  being 
well-known  examples. 

The  basic  dyes  are  very  diverse  in  their 
chemical  constitution.  Many  are  derivatives  of 
di-  or  tri-phenylmethane  (magenta,  malachite 
green,  methyl  violet) ; others  are  azo-  compounds 
(chrysoidine,  Bismarck  brown)  ; some  are  azine- 
derivatives  (safranine  and  induline)  ; whilst  the 
thiazines  contain  sulphur  as  an  essential  con- 
stituent (methylene  blue). 

The  commercial  basic  dyes  are  usually 
hydrochlorides  of  the  colour  bases,  but  some 
are  acetates,  oxalates,  sulphates,  or  zinc  chloride 
double  salts.  They  are  characterised  by  great 
tinctorial  power,  1 p.c.  being  usually  sufficient 
to  produce  a full  rich  colour.  As  a class,  they 
are  not  fast  to  light. 

Janus  dyes.  These  occupy  an  intermediate 
position  between  the  basic  and  the  direct  dyes. 
They  are  azo-  dyes  of  strongly  basic  character, 
and  possess  an  extraordinary  affinity  for  both 
animal  and  vegetable  fibres.  They  are  only  of 
slight  importance. 

The  dyeing  of  wool  with  basic  dyes. — These 
dyes  are  little  used  on  wool,  the  acid  dyes  being 
applied  in  an  equally  simple  manner  and  pro- 
ducing faster  colours.  Wool  has  a strong  affinity 
for  basic  dyes,  and  readily  becomes  dyed  if 
immersed  in  their  solutions.  A small  amount 
of  sulphuric  or  acetic  acid  may  usually  be  added 
with  advantage.  Certain  of  the  basic  dyes, 
e.g.  Victoria  blue,  are  very  fast  to  milling  when 
dyed  on  wool,  and  such  are  still  employed. 

The  dyeing  of  silk  with  basic  dyes. — Members 
of  this  group  of  colouring  matters  are  largely 
used  by  the  silk  dyer  when  fastness  to  light  is 
not  important.  The  silk  yarn  is  dyed  at 
60°-80°  in  a slightly  acidified  solution  of  the 
dyestuff,  to  which  is  added  some  ‘ boiled-off 
liquor.’  After  rinsing,  the  dyed  silk  is  brightened 
in  a dilute  solution  of  acetic  or  tartaric  acid. 

The  dyeing  of  cotton  with  basic  dyes.- — Cotton 
has  little  affinity  for  basic  dyes,  which,  on  this 
fibre,  must  therefore  be  applied  in  conjunction 
with  a mordant,  and  since  the  dyestuffs  of  this 
class  are  basic  in  character,  the  mordant  must  be 
of  an  acidic  nature. 

Three  types  of  acid  mordants  are  available, 
viz.  : tannin  matters,  fat  acids,  and  colour  acids. 

1.  Tannin  mordants. — As  mentioned  in 
dealing  with  the  mordants,  cotton  has  a natural 


affinity  for  tannic  acid,  which  it  withdraws  from 
solution.  Since  tannic  acid  forms  lakes  with  the 
basic  colouring  matters,  cotton  thus  prepared 
may  be  dyed  with  basic  dyes,  but  the  colours 
produced  in  this  manner  are  not  fast  against 
washing.  As  previously  explained,  however, 
if  after  mordanting  with  tannin  the  cotton  is 
treated  with  a salt  of  antimony,  tin,  or  iron,  an 
insoluble  metallic  tannate  is  formed  on  the  fibre, 
which  compound  has  the  same  affinity  for  basic 
dyes  as  tannic  acid  has.  The  fastness  properties 
of  the  double  tannate  of  colour  base  and  metal 
are  much  superior  to  those  of  the  simpler 
tannates  of  the  colour  bases. 

For  the  production  of  pale  or  bright  colours, 
commercial  tannic  acid,  gall  nuts,  or  sumac  are 
the  tannins  employed.  The  cotton  is  saturated 
(‘  padded  ’)  with  a solution  of  2°  to  3°Tw. 
strength,  or  steeped  for  2 to  3 hours  in  a solution 
containing  2 to  5 p.c.  tannic  acid  or  10  to  30  p.c. 
ground  gall  nuts  or  sumac  ; the  amount  being 
calculated  on  the  weight  of  cotton.  The  yarn  or 
fabric  after  squeezing  is  then  at  once  passed  into 
a ‘ fixing  bath  ’ containing  1 to  2 ’5  p.c.  of  tartar 
emetic  or  an  equivalent  amount  of  antimony 
oxalate  or  fluoride.  After  well  washing,  the 
cotton  is  dyed  with  Od  to  1 p.c.  of  basic  dye. 

Additions  of  acetic  acid  to  the  tannin  bath, 
ammonium  chloride  and  chalk  to  the  fixing  bath, 
and  a little  acid  to  the  dye -bath,  are  frequently 
made.  The  mordanting  and  fixing  baths  may 
be  used  for  several  successive  lots  of  material. 

If  the  brightest  possible  shades  are  not  re- 
quired, some  cheaper  tannin  matter  (myrobolans 
or  quebracho)  may  be  employed,  and  stannic 
chloride  may  replace  tartar  emetic  as  fixing 
agent.  For  dark  shades,  ferrous  acetate  ( ‘ black 
iron  liquor  ’)  is  used  as  fixing  agent,  the  blue- 
black  tannate  of  iron  producing  a composite 
colour  with  the  basic  dyestuff. 

2.  Fatty  mordants. — If  Turkey-red  oil  or 
soap  is  used  as  mordant,  the  colour  produced 
with  a given  basic  colour  is  brighter,  but  less 
fast,  than  when  tannin  mordant  is  used. 

The  fat  acids  are  fixed  on  the  cotton  as 
metallic  salts,  usually  aluminium  salts ; the 
fibre  being  first  saturated  with  a solution  con- 
taining 1 lb.  of  sulphated  oil  or  soap  per  litre, 
then  dried  and  passed  into  a solution  of  alu- 
minium acetate  (‘  red  liquor  ’)  of  about  8°Tw. 

3.  Colour  acids  as  mordants.- — Mention  hq« 
already  been  made  of  the  fact  that  the  direct 
dyes  act  as  mordants  towards  the  basic  dyes, 
compound  shades  being  thus  obtained.  Mordant, 
sulphide,  and  acid  dyes  also  possess  the  property 
of  attracting  basic  dyes,  but  these  combinations 
are  not  much  employed. 

dFe  dyeing  of  jute  with  basic  dyes. — Although 
jute  is  a vegetable  fibre,  it  does  not  consist  of 
free  cellulose,  but  of  a bastose-cellulose  com- 
pound, corchorobastose  (Cross  and  Bevan).  The 
dyeing  properties  of  this  substance  differ 
materially  from  those  of  cellulose  ; jute,  in  fact, 
behaving  in  a very  similar  manner  to  tannin- 
mordanted  cotton,  and  dyeing  direct  with  basic 
dyes. 

Class  VI. — The  sulphide  dyes.  The  dyes  of 
this  group  are  numerous  and  important.  They 
are  chiefly  employed  for  the  production  of  fast 
blacks,  blues,  greens,  browns,  and  yellows  on 
cotton  and  other  vegetable  fibres.  They  come 
into  the  market  in  the  form  of  powders,  which 
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are  usually  insoluble  in  water,  but  soluble  in 
solutions  of  sodium  sulphide.  They  are  also 
rendered  soluble  by  other  reducing  agents, 
e.g.  sodium  hydrosulphite  or  glucose  in  alkaline 
, solution. 

The  sulphide  dyes  are  commercially  known 
under  such  names  as  : sulphur,  sulphurol, 
thiogene,  thionol,  thional,  thioxine,  cross -dye 
immedial,  katigen,  kryogen,  pyrogen,  pyrol 
rexoU,  eclipse,  vidal,  or  auronal  dyes.  They  are 
produced  by  melting  together  under  suitable 
conditions  aromatic  nitro-,  amino-,  or  imino- 
compounds  with  sulphur  and  sodium  sulphide. 
The  constitution  of  the  sulphide  dyes  is  not 
known,  but  the  commercial  products  are  pro- 
bably mixtures  of  polymers  or  homologues  and 
not  homogeneous  bodies.  They  contain  free 
sulphur  in  amount  varying  from  1 to  as  much  as 
12  p.c.  (Gardner  and  Hodgson,  J.  Soc.  Chem, 
Ind.  1910,  672),  and  also  contain  very  variable 
amounts  of  sodium  sulphide  and  polysulphides. 

The  dyeing  of  wool  with  sul'phide  dyes. — Wool 
is  rarely  dyed  with  sulphide  dyes,  on  account  of 
the  injurious  action  of  sodium  sulphide  on  the 
fibre.  The  wool  may  be  protected  to  some 
extent  against  this  action  by  the  addition  to  the 
dye-bath  of  glucose,  tannic  acid,  or  ammonium 
salts.  A previous  treatment  of  the  fibre  with 
formaldehyde  has  also  been  recommended  (H. 
Kann,  Eng.  Pat.  3492,  1903),  but  this  reduces 
the  affinity  of  the  wool  for  these  dyestuffs. 

Greater  success  in  the  application  of  sul- 
phide dyes  to  wool  or  union  material  has 
been  attained  by  E.  Lodge  (Eng.  Pats.  19852, 
1913  ; and  23386,  1914)  by  the  use  of  sodium 
hydrosulphite  and  sodium  sulphite  as  reducing 
agents,  and  ammonia  as  solvent  for  the  reduced 
dyestuff  (J.  Soc.  Dyers,  1915,  252). 

The  dyeing  of  silJc  with  sid'phide  dyes. — Owing 
to  the  harmful  effect  of  their  alkaline  solutions 
upon  the  silk  fibre,  the  sulphide  dyes  are  not  used. 

The  dyeing  of  cotton  with  sulphide  dyes. — 
This  group  of  dyestuffs  is  now  of  the  greatest 
importance  in  cotton  dyeing  for  the  production 
of  fast  blacks,  and  to  a less  extent,  fast  blues, 
greens,  browns,  &c.  The  necessary  ingredients 
in  the  dye- bath,  in  addition  to  the  dyestuff,  are 
sodium  sulphide,  sodium  sulphate,  or  other 
neutral  salt,  and  an  alkali,  usually  sodium  car- 
bonate. The  actual  and  relative  amounts  of 
these  substances  vary  considerably  with  different 
dyestuffs,  depending  upon  the  ease  with  which 
the  colouring  matter  employed  undergoes  reduc- 
tion and  the  solubility  of  the  reduced  product. 
An  addition  of  Turkey-red  oil,  monopole  oil,  or 
glue,  tends  to  produce  more  level  and  brighter 
shades ; glucose  aids  the  reduction.  Dyeing 
takes  place  just  below  the  boil,  and  it  is  usually 
desirable  to  keep  the  cotton  completely  im- 
mersed during  the  operation,  in  order  to  prevent 
irregular  oxidation.  The  baths  are  used  in  a 
very  concentrated  condition,  with  the  result 
that  only  a small  proportion  of  the  dyestuff  is 
withdrawn,  and  for  reasons  of  economy  ‘ standing 
baths  ’ are  employed,  that  is,  the  baths  are  used 
continuously  and  replenished  with  dyestuff,  &c., 
as  required.  The  dyeing  takes  place  in  iron, 
wooden,  or  lead-lined  wooden  vessels  ; copper 
being  rigidly  excluded,  on  account  of  the  ease 
with  which  it  is  attacked  by  sodium  sulphide. 

Some  of  the  sulphide  dyes  do  not  require 
any  treatment  subsequent  to  dyeing  other  than 


exposure  to  air,  but  with  many  dyes  of  the 
group  an  after-treatment  greatly  improves  their 
fastness  to  light  and  other  influences.  The  chief 
object  of  the  after-treatment  is  to  ensure  the 
complete  oxidation  of  the  colouring  matter ; 
and,  as  oxidising  agents,  chromium  salts,  or 
hydrogen  peroxide  are  used.  Steaming  the 
material  in  presence  of  air  is  employed  in  the 
case  of  immedial  blue. 

After-treatment  with  potassium  dichromate 
and  acetic  acid  is  now  usually  practised,  since 
the  use  of  copper  salts  has  proved  to  be  dangerous 
in  regard  to  the  subsequent  tendering  of  the 
fibre  on  account  of  their  catalytic  action  in  in- 
ducing acid  formation  (Gardner  and  Hodgson, 
J.  Soc.  Chem.  Ind.  1910,  676). 

The  tendering  of  cotton  dyed  with  sulphide 
blacks  has  greatly  retarded  the  use  of  these  dye- 
stuffs. The  defect  does  not  usually  develop  for 
some  weeks  or  months  after  the  material  has 
been  dyed,  and  it  has  been  shown  to  be  due  to 
the  slow  formation  of  sulphuric  acid  on  the 
fibre.  The  development  of  acid  arises  mainly 
from  the  oxidation  of  free  sulphur  present  on 
the  dyed  fibre,  but  even  in  the  absence  of  free 
sulphur,  acid  development  may  take  place  by 
decomposition  and  oxidation  of  the  colour 
molecule. 

The  risk  of  tendering,  during  storage,  of 
cotton  dyed  with  sulphide  blacks  is  entirely 
eliminated  by  a final  treatment  of  the  material, 
before  drying,  with  sodium  acetate ; but,  of 
course,  the  protective  influence  of  this  salt 
disappears  if  the  material  is  washed. 

Class  VII. — The  vat  dyes.  Until  com- 
paratively recently,  indigo  was  the  sole  repre- 
sentative of  this  group  of  dyestuffs.  The 
synthetic  production  of  indigo  was,  however, 
followed  by  that  of  a number  of  derivatives  of 
this  body.  Other  series  of  vat  dyes  have  also 
been  produced,  and  by  their  use  it  is  now  possible 
to  produce  on  cotton,  and  in  a .more  limited 
degree  on  wool,  many  bright  colours  of  a degree 
of  fastness  hitherto  unattainable. 

The  essential  features  of  a vat  dye  are  its 
easy  reduction  to  a form  soluble  in  dilute  alkali, 
its  attraction  in  this  condition  by  the  fibre,  and 
its  ready  reoxidation  on  the  fibre  to  the  original 
insoluble  condition.  The  reduced  solution  is 
termed  the  ^ vat,’  the  composition  of  the  vats 
differing  for  wool  and  for  cotton. 

The  vat  dyes  are  mainly  derivatives  of  in- 
digotin  or  anthracene.  They  include  the  follow- 
ing : indigo  (indigotin) ; mono-,  di-,  tri-,  and 
tetoa-halogen  derivatives  of  indigotin ; methyl 
and  tolyl  indigotins ; ciba  dyes  (brom  indigotins) ; 
thioindigo  red  and  scarlet ; helindone  dyes  (sul- 
phur derivatives)  ; algole  dyes  ; cibanone  dyes, 
and  the  indanthrene  dyes.  The  group  includes 
dyes  of  all  hues. 

Indigo  is  the  oldest  and  by  far  the  most  im- 
portant of  the  vat  dyes.  It  has  been  employed 
in  India  for  at  least  3500  years,  by  methods  not 
differing  essentially  from  some  of  those  which 
are  still  employed.  It  is  used  upon  all  fibres, 
but  least  commonly  upon  silk. 

Various  reducing  agents  are  employed  for 
the  conversion  of  the  insoluble  indigo  blue  into 
indigo  white,  and  they  are  always  associated 
with  an  alkali  to  dissolve  the  latter  substance. 
After  saturating  the  fibre  with  the  alkaline 
solution,  the  indigo  white  is  reconverted  into 
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indigo  blue  upon  the  fibre  by  atmospheric 
oxidation. 

The  dyeing  of  wool  with  indigo  vat  hlue. — 
The  two  chief  indigo  vats  used  for  wool  are  the 
fermentation  vat  and  the  hydrosulphite  vat, 
the  former  being  chiefly  used  for  dark  shades  on 
woollen  cloth  (Army  and  Navy  cloth,  &c.),  and 
the  latter  for  light  colours  on  slubbing,  yarn,  &c. 
There  are  several  forms  of  fermentation  vat,  of 
which  the  woad  vat  is  the  most  important  in 
this  country.  The  precise  composition  and 
‘ setting  ’ of  the  vat  is  largely  a matter  of 
experience,  the  ingredients  being  somewhat  as 
follows  : finely  ground  indigo,  12  to  18  lbs.  ; 
woad,  300  lbs.  ; bran,  10  lbs.  ; madder,  12  to 
18  lbs.  ; lime,  12  lbs.  ; water,  600  gallons. 
After  warming  the  liquor,  various  fermentations 
set  in,  the  essential  bacterium  being  the  Desmo- 
bacterium  hydrogenifernm.  The  starchy  matters 
present  are  first  converted  into  glucose,  which 
then  splits  up  into  lactic  acid,  the  latter  under- 
going butjrric  fermentation  with  evolution  of 
hydrogen. 

Excessive  fermentation  is  prevented  by 
making  suitable  additions  of  lime,  or  it  is  accele- 
rated, if  necessary,  by  adding  further  quantities 
of  bran. 

In  the  so-called  German  or  soda  vat  and  the 
Indian  or  potash  vat,  the  woad  is  replaced  by 
bran  with  the  addition  of  molasses,  and  the  lime 
by  sodium  or  potassium  carbonate. 

To  avoid  the  derangements  to  which  all 
fermentation  vats  are  liable,  Collin  and  Benoist 
(J.  Soc,  Chem.  Ind.  1885,  493)  proposed  to 
employ  a pure  ferment  and  a completely 
fermentable  food  material ; but  this  process 
has  not  come  into  practical  use. 

Natural  indigo  is  still  largely  used  in  the 
fermentation  vats,  but  in  the  hydrosulphite  vat 
the  synthetic  product  is  generally  employed. 
The  hydrosulphite  vat  may  be  prepared  as 
follows  : synthetic  indigo  (20  p.c.  paste),  10 
lbs.  ; caustic  soda  solution  42°Tw.,  3 pints  ; 
sodium  hydrosulphite  solution  20°Tw.,  7|  gallons; 
water,  50  gallons.  The  liquid  is  heated  to  50° 
until  it  becomes  clear  greenish-yellow.  The 
solution  of  indigo  white  thus  obtained  is  diluted 
to  250  gallons  with  water  at  50°,  to  which  a little 
hydrosulphite  has  been  previously  added. 

The  hydrosulphite  solution  may  be  replaced 
by  3 lbs.  of  solid  sodium  hydrosulphite,  in  which 
case  the  amount  of  caustic  soda  must  be  in- 
creased. 3|  lbs.  of  natural  indigo  (60  p.c. 
indigotin)  are  about  equivalent  to  10  lbs.  of 
synthetic  indigo  (20  p.c.  paste).  After  working 
in  the  vat,  the  goods  are  well  squeezed,  and  then 
exposed  to  the  atmosphere  to  oxidise  the  indigo 
white  : they  are  then  well  washed. 

Dark  shades  of  indigo  blue  on  wool  are 
usually  ‘ bottomed  ’ with  a red  dye  (alizarin, 
diamine  fast  red,  or  barwood)  before  vatting, 
and  are  frequently  ‘ topped  ’ after  vatting  with 
orchil  or  other  dyestuff  in  order  to  add  ‘ bloom  ’ 
to  the  colour. 

In  most  respects  indigo  vat  blue  is  an 
extremely  fast  colour,  but  has  the  defect  of 
being  liable  to  ‘ rub  off.’ 

The  dyeing  of  silk  with  vat  indigo. — This  dye 
is  not  much  employed  on  silk.  If  used,  the 
most  suitable  vat  to  employ  is  the  hydrosulphite 
vat  set  with  synthetic  indigo. 

The  dyeing  of  cotton  with  vat  indigo. — The 


hydrosulphite  vat  is  largely  employed  in  cotton 
dyeing  as  well  as  in  the  dyeing  of  wool,  but  it  is 
used  cold  in  the  case  of  cotton.  Other  cotton 
vats  are  the  ‘ copperas  vat  ’ and  the  ‘ zinc- 
powder  ’ vat. 

A strong  eopperas  vat  contains,  indigo  (60 
p.c.),  10  lbs.  ; ferrous  sulphate,  30  lbs.  ; and 
quicklime  35  lbs.,  in  about  200  gallons  of  water. 
The  lime  decomposes  the  ferrous  sulphate,  with 
the  production  of  ferrous  hydroxide,  and  this  in 
the  presence  of  lime  and  indigo  decomposes 
water,  yielding  ferric  hydroxide  and  hydrogen  ; 
the  latter  at  once  combines  with  the  indigotin 
and  produces  indigo  white,  which  dissolves  by 
reason  of  the  excess  of  lime  present.  The  nor- 
mal colour  of  the  vat  liquor  thus  obtained  is 
brownish-amber. 

The  zinc-powder  vat  is  made  up  with  water, 
indigo,  zinc -powder,  and  lime.  In  the  presence 
of  the  lime  and  indigo,  the  zinc  decomposes 
water  even  at  the  ordinary  temperature,  and 
the  liberated  hydrogen  effects  the  reduction  of 
the  indigo. 

Vat  dyes  other  than  indigo. — These  may  be 
divided  into  two  groups  : {a)  the  indigoids, 

which  may  be  considered  as  derivatives  of  indigo- 
tin ; and  (&)  the  anthracene  derivatives.  They 
all  possess  the  common  property  of  forming  vats 
when  treated  with  hydrosulphite  of  soda,  bilt 
whereas  the  indigoids  may  be  applied  to  the 
animal  as  well  as  to  the  vegetable  fibres,  the 
anthracene  derivatives  are  only  suitable  for 
cotton  on  account  of  the  large  amount  of 
caustic  alkali  required  for  their  solution.  The 
redueed  anthracene  vat  dyes  also  do  not  appear 
to  possess  much  affinity  for  wool. 

[a)  Indigoids. — Examples  of  dyes  of  this 
series  are  : thioindigo  red  and  scarlet ; helindone 
red  and  scarlet ; ciba  red  and  scarlet ; vat  red  ; 
helindone  orange  and  yellow ; ciba  green  ; brom 
indigos ; ciba  blues  and  greys ; ciba  violets  and 
heliotropes ; helindone  brown.  Some  of  the 
algole  reds  also  probably  belong  to  this  group. 

{h)  Anthracene  vat  dyes. — Indanthrene  red  ; 
algole  reds  ; indanthrene  yellows  and  oranges  ; 
algole  yellows  and  oranges  ; cibanone  yellows 
and  oranges  ; indanthrene  greens  ; algole  greens  ; 
indanthrene,  chloranthrene,  duranthrene  and 
Caledon  blues  ; algole  blues ; indanthrene  grey ; 
indanthrene  browns  ; algole  browns  ; cibanone 
browns. 

The  application  of  the  indigoid  vat  dyes  to 
wool  and  silk. — Vats  suitable  for  the  dyeing  of 
wool  and  silk  are  obtained  by  reduction  with 
sodium  hydrosulphite  in  alkaline  (caustic  soda) 
solution.  Bright  reds  of  excellent  fastness  are 
obtained  with  these  dyes,  and  they  are  used  in 
conjunction  with  indigo  for  producing  bright 
purplish  blues.  Separate  vats  are  preferable  for 
the  indigo  blue  and  the  red  dye,  since  the  best 
conditions  of  dyeing  do  not  coincide  in  the  two 
cases. 

The  application  of  indigoid  vat  dyes  to  cotton. 
— Vegetable  fibres  are  readily  dyed  with  these 
dyes  from  a hydrosulphite  vat,  or  alternatively 
they  may  be  dyed  from  a sodium  sulphide  bath, 
as  used  for  the  sulphide  dyestuffs.  They  may 
be  mixed  with  most  sulphide  dyes  and  dyed 
from  the  same  vat. 

The  application  of  the  anthracene  vat  dyes. — 
This  group  of  dyes  is  also  applied  in  the  hydro- 
sulphite  vat,  but  usually  requires  such  a strongly 
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caustic  solution  that  its  application  to  wool  and 
silk  is  not  practicable. 

By  use  of  the  vat  dyes,  it  is  now  possible  to 
produce  a great  variety  of  colours  on  cotton  which 
are  extremely  fast  to  light,  washing,  bleaching, 
and  other  influences.  The  high  cost  of  these 
dyes  at  present  somewhat  limits  their  application. 

Indophenol  is  a vat  dye  of  different  type, 
being  obtained  by  the  action  of  nitroso- dimethyl 
aniline  on  a-naphthol.  On  reduction,  it  is 
converted  into  indophenol  white,  a body  suffi- 
ciently stable  to  be  sold  commercially.  On 
oxidation  with  chromic  acid,  indophenol  white 
is  reconverted  into  indophenol  blue. 

Indophenol  has  been  employed  in  conjunction 
with,  or  as  a substitute  for  indigo,  but  has  the 
defect  of  being  readily  affected  by  acids. 

Tyrian  purple. — As  the  result  of  an  extremely 
interesting  investigation,  P,  Friedlander  has 
shown  (Ber.  1909,  765)  that  this  ancient 
dyestuff  is  identical  with  one  of  the  dibrom- 
indigotins.  Tyrian  purple,  as  described  by 
Pliny,  was  obtained  from  various  species  of  the 
mollusc  murex,  and  from  12,000  of  the  species 
M.  hrandaris  Frieldander  obtained  1'4  grams 
of  the  colouring  matter. 

Under  the  law  of  the  ancient  Homans,  the 
use  of  Tyrian  purple  was  confined  to  royalty, 
and  the  method  of  its  production  was  a lost  art 
for  many  centuries.  At  the  beginning  of  the 
18th  century,  it  was  investigated  by  Reaumur 
(Mem.  de  I’Acad,  Boyale  des  Sciences,  1711),  but 
it  never  again  assumed  any  importance  as  a 
dye-stuff. 

Class  VIII. — The  ingrain  dyes.  The  term 
ingrain  dye  ma}'^  be  used  to  designate  those 
colouring  matters  other  than  mordant  dyes 
which  are  produced  from  their  constituent 
bodies  upon  the  fibre.  Three  sub-groups  may  be 
distinguished  : {a)  aniline  black  ; {b)  the  insoluble 
azo-  dyes  ; and  (c)  the  metallic  dyes. 

(a)  Aniline  black. — This  term  is  applied  to 
the  insoluble  black  pigment  which  is  produced 
by  the  oxidation  of  aniline  in  acid  solution.  In 
1834  Runge  noticed  that  a blue-black  compound 
was  produced  by  oxidising  aniline  with  chromic 
acid,  but  Wilm,  in  1860,  first  described  the  for- 
mation of  the  product  on  the  cotton  fibre.  The 
first  successful  process  for  producing  aniline 
black  on  the  fibre  was  patented  by  Lightfoot, 
in  1863.  He  used  potassium  chlorate  and 
cupric  chloride  as  oxidising  agents,  and  the 
black  proved  to  be  of  such  excellent  fastness  that 
innumerable  modifications  of  the  process  have 
since  been  proposed,  and  the  literature  of  the 
subject  is  very  extensive. 

Numerous  oxidising  agents  have  been  em- 
ployed in  the  production  of  aniline  black,  e.g. 
chlorates,  chromates,  salts  of  copper,  vanadium, 
tungsten,  cerium,  &c.  Aniline  black  may  also 
be  produced  by  electrolytic  (Goppelsroder, 
Jahresber.  1876,  702)  or  by  atmospheric  (Green, 
J.  Soc.  Dyers,  1908,  231)  oxidation. 

Pure  aniline  on  oxidation  yields  a blue-black, 
the  homologues  and  allied  compounds  giving 
somewhat  different  shades  ; e.g,  orthotoluidine 
produces  a brownish- black,  paraphenylene 
diamine  a deep  black,  and  para-aminodiphenyl- 
amine  (diphenyl  base)  a greenish  black.  The 
oxidation  of  a-naphthylamine  on  the  fibre 
results  in  the  formation  of  naphthylamine  violet, 
but  this  colour  is  not  of  much  importance. 


The  composition  of  aniline  black  has  been 
the  subject  of  much  investigation  {see  Armand 
Muller,  Chem.  Zentr.  1871,  288  ; Goppelsroder, 
Jahresber.  1876,  702  ; Nietski,  Ber.  1878,  1094  ; 
Caro.  Verhandt.  d.  Ges.  Deutscher  Naturforchen 
u.  Arzte,  1896,  119  ; Willstatter  and  Moore,  Ber. 
1907,  2665 ; Marsden,  J.  Soc.  Dyers,  1908,  9 ; 
Willstatter  and  Moore,  Ber.  1909,  4118  ; Green 
and  Woodhead,  Chem.  Soc.  Trans.  1910,  223). 

Three  chief  and  successive  products  of  the 
oxidation  of  aniline  may  be  distinguished— 
emeraldinc,  nigraniline,  and  ungreenable  black. 

Emeraldine  is  produced  by  the  limited 
oxidation  of  aniline,  several  residues  linking  up 
to  form  a chain  of  4 molecules  (Willstatter  and 
Moore)  or  a chain  or  ring  of  8 molecules  (A.  G. 
Green).  The  aniline  residues  are  in  all  probability 
linked  by  nitrogen  atoms  in  para-  position,  since 
para-  compounds  only  have  been  obtained  on 
oxidation  or  reduction. 

Emeraldine  is  a greyish-green  body  which  is 
always  formed  during  the  early  stages  of  the 
production  of  aniline  black.  By  the  action  of 
oxidising  agents,  it  is  converted  into  nigraniline 
and  by  the  action  of  reducing  agents  it  forms 
first  proto-emeraldine  by  addition  of  two  atoms, 
and  then  leuco- emeraldine  by  addition  of  four 
atoms  of  hydrogen  (Green,  Chem.  Soc.  Trans. 
1910,  223).  More  powerful  reducing  agents  split 
the  molecule  and  produce  amino-  and  para 
diamino-compounds  or  quinone. 

Nigraniline,  the  second  oxidation  product 
of  aniline,  appears  to  contain  eight  aniline 
residues,  and  is  said  to  be  produced  either  by 
removal  of  two  hydrogen  atoms  from  the 
emeraldine  molecule  (Green)  or  by  polymerisation 
with  loss  of  hydrogen  (Willstatter  and  Moore). 

Nigraniline  or  aniline  black  is  a violet- black 
bodv  which  is  unaffected  bv  alkalis,  but  which 
18  turned  green  by  mild  reducing  agents  (sul- 
phurous acid),  owing  to  its  reconversion  into 
emeraldine.  Dilute  mineral  acid  also  brings 
about  indirectly  the  production  of  emeraldine 
from  nigraniline.  Oxidation  of  a portion  of  the 
latter  substance  probably  takes  place  at  the 
expense  of  the  reduction  of  other  molecules, 
since  both  quinone  and  emeraldine  are  formed 
in  the  reaction. 

Ungreenable  black,  the  final  product  in  the 
technical  formation  of  aniline  black,  is  produced 
by  the  further  oxidation  of  nigraniline  in 
presence  of  aniline.  It  is  a very  stable  body, 
and  is  not  readily  attacked  by  acids,  alkalis, 
oxidising  or  reducing  agents.  Powerful  oxidis- 
ing agents,  however,  convert  it  almost  quanti- 
tatively into  quinone,  and  powerful  reducing 
agents  into  a brown  leuco-  compound  v/hich  is 
reoxidised  to  the  original  black  on  exposure  to 
air.  The  piesence  of  free  aniline  is  essential  to 
the  production  of  ungreenable  black,  which 
suggests  that  it  is  a condensation  product  of 
emeraldine  and  aniline. 

Technical  production  of  aniline  black. — Of 
the  large  number  of  modifications  of  Lightfoot’s 
original  process  which  have  been  suggested,  very 
few  have  withstood  the  test  of  practical  ex- 
perience. The  following  technical  methods 
may  be  distinguished:  (1)  dyed  blacks;  (2) 
aged  blacks  ; (3)  steam  blacks. 

(1)  Dyed  blacks,  also  known  as  one-bath  blacks, 
are  used  for  the  dyeing  of  cotton  yarn,  which 
is  often  previously  dyed  in  a sulphide  black 
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vat.  The  ingredients  used  are  {e.g.)  aniline  (12 
lbs.),  hydrochloric  acid  (18  lbs,),  sulphuric  acid 
(24  lbs.),  and  sodium  dichromate  (24  lbs.),  in  40 
gallons  of  water.  The  use  of  hydrochloric  acid 
alone  produces  a bluish-black,  and  sulphuric 
acid  alone  a reddish -black,  the  mixed  acids 
yielding  a jet  black. 

The  yarn  is  worked  in  the  solution  whilst 
slowly  heating  to  the  boiling-point,  and  the 
bronzy  black  thus  produced  is  steamed  to  con- 
vert it  into  a good  black  which  is  ungreenable. 
This  process  does  not  tender  the  cotton.  Many 
modifications  of  the  process  are  used. 

(2)  Aged  blacks  are  obtained  by  padding  (satu- 
rating) the  cotton  with  a solution  containing 
aniline  salt,  some  oxidising  agent  (sodium  chlo- 
rate) and  an  oxygen  carrier  (copper  sulphate,  or 
vanadium  chloride),  after  which  the  fabric  is 
dried  and  ‘ aged  ’ ; the  colour  being  developed  by 
passing  through  an  ageing  chamber  in  which  a 
moist  atmosphere  and  a temperature  of  about 
45°  are  maintained.  The  padded  cotton  has  a 
green  colour  (emeraldine)  which  turns  black 
(nigraniline)  during  ageing.  The  final  change  to 
ungreenable  black  is  brought  about  by  working 
the  fabric  in  a solution  of  sodium  dichromate. 

Copper  aged  blacks  are  very  largely  produced 
on  cotton  piece  goods  by  a process  which  differs 
only  in  detail  from  Lightfoot’s  original  process. 

Vanadium  blacks  are  chiefly  used  in  calico 
printing.  Lightfoot  (Bull.  Soc.  Ind.  de  Mul- 
liouse,  1871,  285)  first  noticed  the  special 
efficiency  of  vanadium  salts  as  oxygen  carriers 
in  the  production  of  aniline  black,  and  Witz 
(Bull,  Soc.  Ind.  de  Rouen,  1876,  310)  showed 
that  1 part  of  vanadium  chloride  was  sufficient 
to  convert  40,000  parts  aniline  into  aniline  black. 

The  production  of  aged  blacks  is  liable  to 
tender  tfie  cotton  unless  the  process  is  very 
carefully  controlled. 

Air  oxidation  black.~A.  G.  Green  (J.  Soc. 
Dyers,  1909,  191)  has  introduced  an  aniline 
black  process  in  which  atmospheric  oxygen  is 
the  oxidising  agent ; some  carrier  such  as 
cuprous  chloride  being  present.  The  mineral 
acid  usually  employed  is  also  replaced  by  formic 
acid,  and  by  these  modifications  the  liability  to 
tendering  of  the  fibre  is  greatly  reduced. 

The  process  is  based  on  the  fact  that  aniline 
oxidises  much  more  rapidly  in  presence  of  a 
small  quantity  of  a paradiamine  or  a para-amino- 
phenol. 

After  padding,  the  goods  are  dried,  aged,  and 
chromed  as  in  the  case  of  the  ordinary  aged  black. 

(3)  Steam  blacks  are  more  costly  than  aged 
blacks,  but  safer  as  regards  tendering  of  the 
fibre.  They  are  produced  by  padding  with  an 
aniline  solution  which  contains  sodium  chlorate 
as  oxidising  agent,  and  sodium  ferrocyanide  as 
oxygen  carrier.  After  padding,  the  goods  are 
dried,  steamed,  and  chromed.  Lightfoot’s  origi- 
nal steam  black  only  differed  from  this  in  that  it 
contained  potassium  ferricyanide  in  place  of  the 
less  expensive  sodium  chlorate  and  ferrocyanide. 

Aniline  black,  when  successfully  dyed  on 
cotton,  is  the  fastest  and  most  intense  black 
which  it  is  possible  to  produce.  Its  chief  draw- 
backs are  the  tendency  to  turn  green  and  the 
liability  to  tendering  of  the  fibre,  unless  great 
experience  and  close  supervision  are  exercised. 

Application  of  aniline  black  to  wool  and  silk. 
— The  animal  fibres  are  rarely  dyed  aniline  black. 


The  black  may  be  produced  on  silk  by  the  same 
methods  as  on  cotton,  but  the  process  is  chiefly 
confined  to  the  silk- cotton  union  material  used 
as  umbrella  cloth. 

Aniline  black  does  not  readily  develop  on 
wool,  but  if  the  wool  is  previously  chlorinated 
(Lightfoot)  or  boiled  with  a mineral  acid  (Beth- 
mann,  Eng.  Pat.  21236,  1901),  the  aged  black 
may  be  produced.  It  is  rarely  met  with. 

(b)  The  insoluble  azo-  dyes. — The  sulphonated 
azo-  dyes  which  are  so  largely  used  in  the  dyeing 
of  wool  and  silk  have  little  or  no  affinity  for 
cotton.  Azo-  compounds,  however,  may  be 
produced  on  cotton  by  impregnating  the  fibre 
with  one  of  the  constituents,  and  then  passing 
it  into  a solution  of  the  necessary  combining 
body.  The  non-sulphonated  compounds  are 
used  in  this  process,  and  the  insoluble  dyes  thus 
obtained  are,  in  many  cases,  useful  colours. 

The  constituent  parts  of  an  azo-  dye  are  (a) 
a phenol  or  amine,  and  (b)  a diazotised  base  ; 
and  the  process  (introduced  by  Holliday,  in  1880) 
consists  in  saturating  the  cotton  with  an  alkaline 
solution  of  a phenol,  drying,  and  then  developing 
in  a solution  of  the  diazotised  base. 

In  calico  printing  (rarely  in  dyeing)  the 
fibre  may  be  impregnated  with  a paste  con- 
taining the  whole  of  the  colour  ingredients,  and 
the  colour  developed  by  steaming. 

Substances  employed  in  the  process  : Phenols. 
— The  only  phenols  practically  employed  in  the 
padding  operation  are  /S-naphthol  and  fi-oxj- 
naphthoic  acid  anilid  (naphthol  AS).  Amiiies 
are  not  used. 

Aromatic  bases. — The  following  list  gives  the 
principal  bases  employed  and  the  colours  they 
produce  when  combined  with  /3-naphthol ; — 


Base 

Aniline 

Par  anitr  aniline 

Paratoluidine 

N itr  oparatoluidine 

Xylidine 

Cumidine 

Phenetidine 

a - N aphthy  lamine 

Aminoazobenzene 

Benzidine 

Tolidine 

Dianisidine 

Azo-black  base 


Colour  produced  with 
/3 -naphthol 
Orange  yellow 
Red  (with  copper,  brown) 
Yellow  orange 
Orange 
Red 

Bluish-scarlet 

Scarlet 

Blue  shade  of  claret  red 
Crimson 
Purplish-brown 
Reddish-brown 
Blue  (with  copper) 

Black 


Padding  or  grounding. — The  intensity  of  the 
ultimate  colour  depends  entirely  upon  the  con- 
centration of  the  padding  solution,  which,  for  a 
shade  of  medium  strength  may  contain,  per 
litre,  25  grams  ;8-naphthol,  45  grams  sodium 
hydroxide  solution  36°Tw.,  and  75  grams 
Turkey-red  oil.  Cotton  is  evenly  saturated  in 
the  cold  with  this  solution,  then  dried  at  a low 
temperature  and  developed. 

The  developing  process. — The  most  important 
dye  produced  by  this  process  is  paranitraniline 
red,  which  is  dyed  on  a very  large  scale  and  used 
as  a substitute  for  Turkey-red.  The  diazo- 
solution is  prepared  as  follows  : stir  to  a paste 
10  lbs.  paranitraniline  with  2 gallons  water ; 
then  add  2 gallons  hydrochloric  acid  (35°Tw.) 
and  6 gallons  water.  After  mixing  well,  add 
5^  lbs.  sodium  nitrite  dissolved  in  2 gallons 
water.  Dilute  to  200  gallons,  and  add  sodium 
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acetate  to  neutralise  the  excess  of  hydrochloric 
acid.  The  colour  is  produced  instantaneously 
on  passing  the  padded  cotton  into  this  solution, 
the  cotton  being  subsequently  washed,  dried, 
and  soaped. 

Various  stable  forms  of  the  diazotised  base 
appear  under  the  names  azophor  red,  nitrazol, 
and  nitrosamine  red. 

Azo-oranges,  yellows,  crimsons,  claret-reds, 
&c.,  are  obtained  in  a similar  manner  by  the 
use  of  the  various  bases  given  in  the  above  table. 

Azo-browns  are  produced  by  adding  an 
alkaline  solution  of  copper  to  the  /8-naphthol 
prepare,  and  developing  with  paranitraniline 
or  j8-naphthylamine. 

Azo-blues  are  obtained  by  padding  with 
)8-naphthol,  developing  with  dianisidine,  and 
subsequently  treating  with  cupric  chloride  and 
chromic  acid. 

(c)  The  metallic  dyes  : Iron  huff  and  Nankin 
yellow. — These  two  colours,  which  differ  only  in 
depth  of  shade,  are  produced  by  precipitating 
hydrated  ferric  oxide  on  the  fibre.  They  are 
dyed  chiefly  on  cotton,  and  produce  yellow  to 
light-brown  colours  which  are  fast  to  light, 
washing,  or  alkalis,  but  are  readily  attacked  by 
acids.  The  cotton  is  padded  in  a solution  of  a 
ferrous  or  ferric  salt,  and  then  passed  into  an 
alkaline  solution.  If  the  cotton  is  previously 
mordanted  with  tannin,  more  even  shades  are 
produced,  the  black  tannate  of  iron  being  subse- 
quently destrojmd  by  a treatment  with  sodium 
peroxide  (Knecht)  or  other  oxidising  agent. 
Iron  buff  is  only  produced  on  wool  or  silk  as  an 
intermediate  product  in  dyeing  Prussian  blue. 

Manganese  bronze. — This  colour  is  produced 
on  cotton  by  precipitating  manganous  hydroxide 
on  the  fibre,  and  oxidising  this  to  the  brown 
manganic  peroxide. 

Chrome  yellow  is  produced  on  cotton  by 
impregnating  with  a solution  of  lead  acetate, 
drying,  and  passing  into  a solution  of  potassium 
dichromate. 

Chrome  orange. — This  compound  is  a mixture 
of  normal  lead  chromate  (chrome  yellow)  and 
basic  chromate.  It  is  obtained  by  treating 
cotton  dyed  chrome  yellow  with  lime  water. 

Prussian  bkie  is  produced  on  cotton  by  first 
dyeing  an  non  buff,  and  then  passing  into  an  acid 
solution  of  potassium  ferrocyanide.  This  colour 
is  extremely  fast  to  fight,  but  is  sensitive  to 
alkalis.  It  is  produced  on  silk  in  a similar 
manner  as  a constituent  in  dyeing  that  fibre 
black.  Prussian  blue  is  little  used  on  wool,  but 
is  readily  produced  either  by  a process  analogous 
to  the  above,  or  by  making  use  of  the  fact  that 
when  heated  in  acid  solution  with  wool,  the  prus- 
siates  undergo  decomposition  with  formation  of 
Prussian  blue. 

Colouring  Matters  used  in  Dyeing. 

Natural  dyestuffs  : Indigo. — There  are  two 
distinct  methods  of  appl3dng  indigo  in  dyeing, 
and  the  most  important,  the  vat  method,  has 
already  been  described  {v.  Vat  dyes,  p.  586). 
Indigo  may  also  be  used  as  an  acid  dyestuff  by 
converting  it  into  the  disulphonic  acid.  This 
sulphonic  acid  is  known  as  indigo  carmine  or 
indigo  extract.  It  dyes  a brighter  blue  shade 
than  vat  indigo,  but  it  is  much  less  fast  to  fight 
and  washing.  It  is  largely  used  on  wool  and  silk, 
but  is  inapplicable  to  cotton. 


Logwood  is  a mordant  dyestuff  and  is  used 
for  all  fibres.  On  wool  it  is  largely  employed 
for  producing  blacks,  and  in  conjunction  with 
other  dyestuffs  for  browns,  olives,  greys,  &c. 

Potassium  or  sodium  dichromate  is  the  usual 
mordant,  but  a single-bath  logwood  black  may 
be  produced  by  using  a mixture  of  logwood,  fer- 
rous sulphate,  and  oxalic  acid.  Logwood  is  now 
chiefly  employed  in  the  form  of  unoxidised  (for 
cotton)  or  oxidised  (for  wool)  extract.  On  silk 
and  cotton,  logwood  is  only  used  for  black  dyeing. 

Brazilwood,  peachwood,  and  Limawood  con- 
stitute the  class  of  soluble  red  woods.  They  are 
now  very  little  employed,  the  colours  they 
produce  being  fugitive  to  fight.  They  produce 
reds  with  aluminium,  reddish- browns  with 
chromium,  and  purples  with  iron  mordants. 

Camwood,  harwood,  and  sanderswood  are 
known  as  the  insoluble  red  woods.  If  wool  is 
boiled  with  the  ground  wood,  it  acquires  a 
reddish-brown  colour,  which  is  still  employed  as 
a ‘ bottom  ’ for  indigo  vat  blue.  They  are, 
however,  mordant  dyestuffs,  producing  brownish 
reds  with  chrome  mordant. 

Madder. — This  dyestuff,  once  of  great  im- 
portance, has  now  been  almost  entirely  super- 
seded by  synthetic  alizarin.  It  is  still  used  to 
a limited  extent  in  the  dyeing  of  wool  felt, 
since  it  penetrates  through  the  material  more 
readily  than  alizarin.  With  chromium  mordant 
it  gives  a reddish-brown  ; with  aluminium  a red, 
and  with  iron  a purple  shade.  The  use  of 
madder  in  the  woad  vat  has  already  been  re- 
ferred to  {v.  Vat  dyes).  This  dyestuff  is  not  now 
used  on  cotton  or  silk. 

Cochineal. — The  use  of  this  valuable  dyestuff 
in  dyeing  is  now  confined  to  the  production  of 
scarlet  shades  on  woollen  cloth,  for  which 
purpose  considerable  quantities  are  still  imported. 
Stannous  chloride  is  the  mordant  employed,  and 
the  colour  is  produced  by  the  one-bath  method. 
The  aluminium  and  tin  lakes  are  used  as  pig- 
ments in  painting  and  printing. 

Lac-dye  may  be  employed  in  the  same  way 
as  cochineal,  and  gives  similar  shades.  Since  the 
commercial  product  contains  a considerable 
amount  of  mineral  matter,  the  ground  dyestuff 
is  treated  with  dilute  hydrochloric  acid  before  use. 

Cudbear  and  orchil  (or  archil). — These  pro- 
ducts are  essentially  the  same  dyestuff,  the 
former  in  the  solid  and  the  latter  in  the  con- 
dition of  paste.  It  is  one  of  the  few  natural 
colouring  matters  which  dye  wool  without  a 
mordant.  Wool  and  silk  may  be  dyed  in  a 
neutral,  slightly  acid,  or  slightly  alkaline,  solu- 
tion. It  produces  full,  rich  crimsons,  and  is  still 
used  to  a considerable  extent.  The  colouring 
matter  is  not  applicable  to  cotton. 

Safflower  was  formerly  much  used  in  dyeing 
bright  pinks  upon  cotton,  but  is  now  obsolete  as 
a dyestuff. 

Annatto  produces  orange  shades  on  silk 
without  a mordant ; it  is  applied  in  a hot  soap- 
bath.  Annatto  is  still  used  in  colouring  cheese 
and  butter. 

Weld. — This  mordant  dyestuff  produces 
pure  yellows  in  conjunction  with  aluminium 
mordant.  When  used  as  a ‘ topping  ’ for 
indigo  vat  blue,  a special  shade  of  green,  known 
as  ‘ carriage  green,’  is  obtained. 

Fustic  is  the  most  important  of  the  natural 
yellow  dyewoods,  and  is  still  employed  in 
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conjunction  with  chrome  mordant  on  wool  as  the 
yellow  constituent  in  compound  browns,  olives, 
greys,  &c.  It  is  chiefly  used  in  the  form  of 
fustic  extract. 

Osage  orange  is  closely  allied  to  fustic.  Its 
utilisation  as  a dyestufl  is  only  of  recent  date 
and  is  confined  to  America. 

Quercitron  hark  and  flavin  are  also  natural 
yellow  mordant  dyes,  producing  somewhat 
brighter  shades  than  fustic,  but  are  now  obsolete. 

Persian  berries. — This  mordant  dyestufl  is 
employed  by  the  calico  printer  for  producing 
bright  orange  shades  with  tin  mordant. 

Turmeric  is  the  only  representative  of  the 
natural  colouring  matters  which  acts  as  a direct 
dye  towards  cotton,  silk,  and  wool.  It  pro- 
duces yellow  shades,  which  are  brighter  if  dyed 
in  a bath  acidified  with  alum. 

Catechu,  cutch,  and  gamhier. — These  dyestuffs 
are  still  largely  employed  in  cotton  dyeing.  The 
cotton  is  steeped  in  a strong  solution  of  the  dye, 
and  attracts  the  colonring  matter.  The  cotton 
is  then  passed  into  a boiling  solution  of  potas- 
sium dichromate,  which,  by  oxidation,  pro- 
duces insoluble  brown  japonic  acid  upon  the 
fibre.  A little  copper  sulphate  is  frequently 
added  to  the  catechu  bath,  whereby  fuller  and 
faster  shades  are  produced. 

Silk  is  dyed  in  a similar  manner  for  the  pro- 
duction of  weighted  blacks,  the  chromium,  fixed 
during  the  oxidising  process,  subsequently 
acting  as  a mordant  for  logwood. 

Other  natural  dyestuffs. — Colouring  matters 
are  very  widely  distributed  in  the  vegetable 
kingdom,  and  all  countries  where  the  textile 
arts  have  attained  any  great  development 
(notably  India,  Persia,  and  Japan)  had  until 
recently  each  its  own  series  of  indigenous 
products  which  were  used  as  dyestufls.  In 
Donegal,  Sutherland,  and  other  localities,  the 
homespun  tweeds,  &c.,  are  still  largely  dyed  by 
means  of  the  various  lichens,  roots,  barks,  nuts, 
&c.,  found  in  the  neighbourhood. 

Synthetic  dyestuffs.  The  number  of  in- 
dividual synethetic  dyestuffs  now  at  the  dyer’s 
chsposal  is  very  large,  and  includes  dyes  yielding 
all  possible  hues.  There  is  infinite  variety  in  the 
characteristics  of  the  various  artificial  dyes,  and 
in  most  cases  it  is  not  difficult  to  match  a given 
shade  or  to  comply  with  given  conditions  as 
regards  properties.  Being,  therefore,  more  con- 
venient to  use,  and  in  very  many  cases  cheaper 
and  faster  than  the  natural  dyestuffs,  the  latter 
have  been  largely  superseded. 

The  dyeing  properties  and  the  characteristics 
of  the  dyed  colours  depend  chiefly  upon  the 
chemical  groups  to  which  the  dyes  belong,  but, 
as  indicated  in  the  section  dealing  with  the 
classification  of  dyes,  the  chemical  groups  do 
not  coincide  with  groups  based  on  the  method 
of  application  {v.  Classiflmtion  of  colouring 
matters,  p.  575). 

(1)  Nitroso  colouring  matiers. — This  class  in- 
cludes fast-green  or  dark-green  and  naphthol- 
green.  In  conjunction  with  iron  mordants, 
both  these  dyestuffs  give  olive-green  colours  re- 
markable for  their  fastness  to  hght. 

Cotton  is  dyed  with  dark-green  by  mordant- 
ing with  iron,  and  dyeing  in  a neutral  bath. 
Wool  is  mordanted  with  ferrous  sulphate  and 
oxalic  acid,  and  dyed  in  a neutral  bath.  Silk  is 
dyed  in  a similar  manner. 


Naphthol  green  which  contains  iron  as  a 
constituent  is  only  applicable  to  the  animal 
fibres.  Wool  is  dyed  with  the  addition  of 
sulphuric  acid. 

(2)  Nitro-colouring  matters. — The  most  im- 
portant members  of  this  class  are  : picric  acid, 
Victoria  orange,  aurantia,  palatine  orange, 
naphthaline  yellow,  naphthol  yellow.  These 
colouring  matters  are  only  applicable  to  the 
animal  fibres,  which  are  dyed  in  a bath  slightly 
acidified  with  sulphuric  acid.  The  colours  they 
yield  are  not  fast  to  light.  Picric  acid  yellow  is 
remarkable  for  its  extreme  freedom  from  any 
trace  of  orange.  On  exposure  to  light  it  rapidly 
becomes  brownish,  owing  to  reduction  of  the 
nitro  groups. 

(3)  The  azo-  group. — These  may  be  divided 
into  monazo,  disazo,  trisazo,  and  tetrakisazo- 
dyes,  according  to  the  number  of  azo-  groups 
they  contain.  They  may  be  further  classified 
into  aminoazo-  (NHg)  and  oxyazo-  (OH)  dyes, 
and  into  other  subdivisions  based  upon  the 
state  of  combination  of  the  azo-  group.  A few 
of  the  azo-  colours  are  basic  dyes ; a large 
number  of  the  acid  dyes,  and  acid-mordant  dyes, 
belong  to  this  group,  and  practically  the  whole 
of  the  direct  dyes.  The  azo-  dyes  vary  greatly 
in  their  degree  of  fastness  to  light,  and  in  other 
properties. 

(4)  The  di-  and  tri-phenylmethane  group. — 
This  group  includes  most  of  the  basic  dyes,  such 
as  auramine,  magenta,  methyl  violet,  malachite 
green,  &c.  These  bodies,  when  sulphonated, 
form  acid  dyes,  and  therefore  such  dyestuffs  as 
acid  magenta,  guinea  green,  &c.,  and  also 
patent  blue,  Victoria  blue,  fall  under  this  group. 
As  a class,  these  dyestuffs  are  fugitive  to  light. 

(5)  The  oxyketone  group. — This  group  includes 
most  of  the  artificial  mordant  dyes  ; e.g.  the 
alizarin  reds,  yellows,  blues,  browns,  &c. 
Most  of  the  dyestuffs  of  this  group  are  ex- 
tremely fast  to  light  and  other  influences,  which 
renders  them  of  the  greatest  importance. 

(6)  The  pyronine  group. — This  includes  (1)  the 
pyronines  proper,  a small  class  of  basic  dyes,  of 
which  pyronine  red  is  an  example  ; (2)  the  much 
more  important  group  of  the  phthaleins.  The 
latter  includes  both  basic  and  acid  rhodamines, 
the  eosins  and  the  mordant  dyestuffs  gallein 
and  ccerulein. 

(7)  The  acridine  group. — This  includes  a few 
basic  dyestuffs  of  which  the  chief  is  acridine 
orange. 

(8  and  9)  The  oxazine  and  thiazine  group. — 
This  group  also  includes  both  acid  (thiocarmine), 
basic  (methylene  blue),  and  mordant  dyes 
(gallocyanin). 

(10)  The  azine  group  includes  the  valuable 
basic  dyes  the  safranines,  and  the  basic  and 
acid  indulines  and  nigrosines. 

The  dyeing  of  mixed  fabrics  of  cotton  and 
wool  may  be  carried  out  by  selecting  those 
colouring  matters  for  which  both  fibres  have  an 
attraction,  e.g.  the  benzidine  dyes,  &c.,  or 
by  first  dyeing  the  wool  in  the  Usual  manner 
with  an  acid  colouring  matter,  then  mordanting 
the  cotton  with  tannic  acid  and  tartar  emetic 
or  stannic  chloride,  and  dyeing  in  the  cold  with 
a basic  colouring  matter.  The  so-called  ‘ cross - 
dyeing  ’ process  is  carried  out  by  first  dyeing 
the  cotton  (usually  with  sulphide  or  other 
‘fast’  dyes)  in  warp  form,  then  weaving  vith  a 
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wool  weft  and  dyeing  the  latter  by  means  of 
acid  dyes.  Logwood  blacks  on  union  are  dyed 
by  first  mordanting  the  cotton  in  the  cold  with 
myrobolans  and  nitrate  of  iron,  then  the  wool 
with  a boiling  solution  of  potassium  dichr«»inate, 
and  finally  dyeing  both  fibres  thus  mordanted  in 
a hot  decoction  of  logwood.  Mixtures  of  cotton 
and  silk  are  dyed  by  methods  similar  to  those 
employed  for  cotton  and  wool.  Fabrics  of  wool 
and  silk  are  dyed  by  methods  similar  to  those 
usual  for  wool  or  silk  alone. 

When  dyeing  co7npound  shades,  the  main 
principle  to  be  observed  is  to  apply  simul- 
taneously only  such  colouring  matters  as  are 
applicable,  when  used  singly,  by  methods  as 
similar  as  possible  to  each  other.  Basic  and 
acid  colouring  matters  ought  not  to  be  applied 
together  in  the  same  dye- bath,  since  the  one 
requires  a neutral,  the  other  an  acid,  bath  in 
order  to  yield  their  full  colouring  power.  Basic 
colouring  matters,  however,  may  be  quite  well 
applied  to  mordanted  cloth  along  with  phenolic 
colouring  matters,  since  both  these  classes 
usually  dye  in  a neutral  bath. 

It  is  very  irrational  to  produce  comjDOund 
shades  by  the  application  of  a mixture  of  fast 
and  fugitive  colours  ; the  best  results  are  obtained 
by  employing  colouring  matters  of  about  equal 
fastness  to  various  influences.  If  this  rule  is  not 
observed,  the  dyed  colour  is  liable  to  change 
materially  in  shade  under  those  influences  to 
which  it  is  subsequently  submitted,  e.g.  light, 
washing,  &c. 

For  further  information  on  the  subject  of 
dyeing,  the  following  works  may  be  consulted  ; — 

1813.  The  Philosophy  of  Permanent  Colours. 

E.  Bancroft. 

1835-1861.  Becherches  chimique  sur  la 
Teinture.  E.  Chevreul. 

1869.  Dictionary  of  Dyeing  and  Calico- 
printing.  C.  O’Neill. 

1874.  A Practical  Handbook  of  Dyeing  and 
Calico-printing.  W.  Crookes. 

1876.  Dyeing  and  Calico-printing. 

F.  C.  Calvert. 

1885.  The  Dyeing  of  Textile  Fabrics. 

J.  J.  Hummel. 

1893.  La  Pratique  du  Teinturier.  Vol.  1, 
1893  ; Vol.  2,  1894 ; Vol.  3,  1897. 
J.  Gar9on. 

1901.  Dictionary  of  Dyes,  Mordants,  and 
other  Compounds  used  in  Dyeing 
and  Calico-printing.  C.  Rawson, 
W.  M.  Gardner,  and  W.  F.  Laycock. 

1903.  Theorie  und  Praxis  der  Modernen 
Farberei.  A.  Ganswindt. 

1 904  et  seq.  Systematic  Survey  of  the  Organic 
Colouring  Matters.  G.  Schultz  and 
P.  Julius,  transl.  by  A.  G.  Green. 

1907.  Farbereichem.  Untersuchungen  Anlei- 
tung  zur  Untersuchung  und  Bewer- 
tung  der  wichtigsten  Farberei,  Blei- 
cherei,  Druckerei,  und  Appretur- 
Materialien.  2nd  edi  t.  P.  Heermann. 

Etude  sur  les  Industries  du  Blanchi- 
ment,  de  la  Teinture,  de  Tlmpression. 
O.  Picquet. 

1910.  A Manual  of  Dyeing.  2nd  edit. 

E.  Knecht,  C.  Rawson,  and  R. 
Lowenthal. 

Identification  of  the  Commercial  Dye- 
stuffs. Mulliken. 


1912.  Bleaching  and  Dyeing  of  Vegetable 

Fibrous  Materials.  J.  Hiibner. 

Farbestofftabellen.  G.  Schultz. 

Mercerisation  und  Appretur.  P.  Gard- 
ner. 

L’Industrie  des  Matieres  Colorantes 
Organ! ques.  A.  Wahl. 

1913.  Synthetic  Dyestuffs  and  Intermediate 

Products  from  which  they  are 
derived.  2nd  edit.  J.  C.  Cain  and 
J.  F.  Thorpe. 

1915.  The  British  Coal-tar  Colour  Industry. 
W.  M.  Gardner. 

The  Analysis  of  Dyestuffs. 

A G Green  W M G 

DYESTUFFS,  IDENTIFICATION  OF,  ON 
FABRICS.  The  recognition  of  the  particular 
dyestuff  which  has  been  emplqyed  in  dyeing  a 
fabric  is  frequently  a matter  of  considerable 
difficulty.  If  one  dyestuff  only  has  been  used, 
it  may  be  possible  to  identify  it  with  little 
trouble,  but  when,  as  is  often  the  case,  two  or 
more  dyes  have  been  employed  to  produce  a 
given  colour,  their  separation  and  recognition 
may  be  a very  complex  problem. 

In  the  identification  of  dyestuffs,  the  ordinary 
basis  of  qualitative  analysis  is  as  far  as  possible 
made  use  of,  i.e.  the  group  to  which  the  colouring 
matter  belongs  is  first  determined,  and  then 
tests  are  applied  to  identify  it  as  an  individual 
substance.  There  are,  however,  such  a large 
number  of  closely  related  compounds  amongst 
the  dyestuffs,  many  being  isomeric,  and  differing 
only  {e.g.)  in  the  position  of  a sulpho-  group, 
that  with  the  small  amount  of  substance  fre- 
quently at  disposal  it  is  quite  impossible  to 
definitely  identify  a specific  commercial  pro- 
duct. This  is,  however,  of  minor  importance. 

The  recognition  of  a dyestuff  is  much 
facilitated  by  a knowledge  of  the  dyeing  proper- 
ties of  the  various  groups  of  colouring  matters. 
In  a given  case  this  may  greatly  limit  the 
possibilities.  For  example,  no  one  with  a 
knowledge  of  dyeing  processes  would  search  for. 
a cochineal  scarlet  on  cotton  or  a paranitr aniline 
red  on  wool.  The  presence  or  absence  of  certain 
metallic  bases  in  the  ash  of  the  incinerated 
material  is  also  a useful  indication  of  the  nature 
of  the  dyestuff  under  investigation,  and  an 
examination  of  this  point  should  be  made. 

What  may  be  termed  the  ‘ dyeing  groups  ’ of 
colouring  matters  do , not  coincide  with  the 
‘ chemical  groups.’  For  example,  the  dyeing 
group  of  ‘ basic  ’ dyes,  the  members  of  which 
are  fixed  on  cotton  by  means  of  a tannin 
mordant,  includes  members  of  the  triphenyl 
methane,  azine,  azo-,  acridine,  and  other 
chemical  groups. 

To  determine  the  dyeing  group  to  which  a 
colouring  matter  present  on  a fabric  belongs, 
acid  and  alkaline  solvents  are  used  as  ‘ stripping  ’ 
agents.  The  following  are  the  general  reactions  : 

Action  of  Stripping  Agents.’ 

Dyeing  group  Stripping  solution 

Mordant  dyes  50  c.c.HCl  (cone.)  per  litre 

Basic  dyes  on  wool  5 p.c.  acetic  acid 

„ „ on  cotton  3 p.c.  sodium  hydroxide 

13  p.c.  ammonia  0‘880  s.g. 
A small  piece  of  mer- 
cerised ‘ cotton  is 
placed  in  the  solution. 
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In  each  case  the  fabric  is  boiled  for  5 minutes 
in  the  solution. 

With  direct  cotton  dyes  the  small  piece  of 
white  cotton  placed  in  the  solution  becomes 
dyed.  With  acid  dyes  this  does  not  occur. 

The  action  of  the  above  stripping  agents  can 
only  be  considered  as  general  in  regard  to  a par- 
ticular group,  and  many  exceptions  will  be  found 
in  dealing  with  particular  members  of  the  group, 
e.g.  some  acid  dyes  are  only  slightly  stripped  by 
boiling  in  dilute  ammonia,  and  a few  of  them 
stain  mercerised  cotton.  Too  much  reliance 
must  not,  therefore,  be  placed  on  these  stripping 
reactions. 

The  most  satisfactory  group  reagents  for 
classifying  dyestuffs  into  the  chemical  groups 
are  acid  or  alkaline  reducing  agents  ; on  the  use 
of  which  several  schemes  of  identification  have 
been  based.  These  reagents  were  first  proposed 
by  Witt,  in  1886,  whose  scheme  was  extended  by 
Weingaertner,  in  1887 ; but  the  systematic 
development  of  the  scheme  of  analysis  is  mainly 
due  to  A.  G.  Green. 

The  reactions  of  dyestuffs  are  considerably 


influenced  by  the  nature  of  the  fibre  upon 
which  they  have  been  fixed,  which  also  deter- 
mines the  particular  dyeing  process  necessary. 
For  example,  the  basic  colours  dye  wool  and 
silk  direct,  whereas  their  fixation  on  cotton 
involves  the  use  of  a tannin  mordant.  It  is 
convenient,  therefore,  to  treat  separately  the 
identification  of  dyestuffs  on  animal  and  on 
vegetable  fibres. 

Identification  of  dyestuffs  on  ivool. — Tables 
for  the  identification  of  dyestuffs  on  wool  have 
been  published  in  Hummel’s  Dyeing  of  Textile 
Fabrics  ; in  Knecht,  Rawson,  and  Loewenthal’s 
Manual  of  Dyeing ; in  Lehne’s  Farber 
Zeitung,  and  by  many  other  authors  ; but  the 
most  systematic  and  reliable  scheme  is  that 
of  Green  (Analysis  of  Dyestuffs,  2nd  edit.  1915). 
In  this  scheme,  which  is  now  to  be  described, 
the  dyeing  groups  are  first  distinguished  by  the 
action  of  suitable  solvents,  and  then  further 
differentiation  is  carried  out  by  the  use  of 
reducing  agents  with  subsequent  reoxidation. 
The  various  groups  of  dyestuffs  as  dyed  on 
animal  fibres,  show  the  following  reactions  : — 
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Decolourised  by  hydrosulphite 

Not  altered  by 
• hydrosulphite 

Not  decolourised, 
but  changed  in 
shade.  Original 
colour  restored 
by  air  or 
persulphate 

Colour  restored 
on  exposure 
to  air 

Colour  not  restored 
by  air,  but  re- 
stored on  oxidation 
with  persulphate 

Colour  not 
restored  either  by 
air  or  persulphate 

Azines,  oxazines, 
thiazines,  indi- 
goids 

Triphenyl- 
methane  group 

Nitro-,  nitroso-, 
and  azo-  groups 

Pyrone,  acridine, 
quinoline,  and 
thiazol  groups. 
Some  members 
of  the  oxyketone 
group. 

Most  dj^estuffs  of 
the  oxyketone 
group 

In  Green’s  scheme  the  following  reagents  are 
employed,  and  must  be  used  of  the  strength 
indicated  : — 

Dilute  ammonia  (1  : 100). — 1 c.c.  cone, 
ammonia  ; 100  c.c.  distilled  water. 

Aqueous -alcoholic  ammonia. — 1 c.c.  cone, 
ammonia ; 50  c.c.  strong  alcohol  or  methylated 
spirit ; 50  c.c.  water. 

Dilute  acetic  acid  (5  p.c.). — 5 c.c.  glacial  acetic 
acid  ; 95  c.c.  water. 

Dilute  alcohol  (1  : 1). — 50  c.c.  strong  alcohol 
or  methylated  spirit ; 50  c.c.  water. 

Dilute  hydrochloric  acid  (1  : 10). — 10  c.c. 
cone,  hydrochloric  acid ; 90  c.c.  water. 

Caustic  soda  (10  p.c.). — 10  grams  solid  caustic 
soda  in  100  c.c.  of  water. 

Hydrosul'phite  AX. — Dissolve  50  grams  hy- 
drosulphite  NF  cone,  or  rongalite  C,  i.e.  the 
formaldehyde  compound  of  sodium  sulphoxylate, 
in  150  c.c.  of  hot  water.  Add  to  the  solution  at 
80°-90°  0‘25  gram  of  precipitated  anthraquinone 
previously  ground  to  a paste  with  a little  of 
the  solution,  and  dilute  the  whole  to  500  c.c. 
with  cold  water.  The  solution  should  be 
slightly  alkaline.  It  may  become  acid  on 
keeping. 

Hydrosulphite  B. — Dissolve  50  grams  hydro- 
sulphite NF  cone,  or  rongalite  C in  500  c.c.  water, 
and  acidify  with  2 c.c.  of  acetic  acid.  This  is 
used  only  for  yellows  and  oranges. 

VoL.  11.— T. 


Persulphate. — A cold  saturated  solution  of 
potassium  persulphate,  or  a 1 p.c.  solution  of 
ammonium  persulphate.  If  alkaline,  neutralise 
carefully  with  acetic  acid. 

Sodium  acetate  (5  p.c.). — 5 grams  crystallised 
sodium  acetate  ; 100  c.c.  distilled  water. 

Procedure. — The  reactions  are  carried  out  in 
test-tubes  upon  pieces  of  the  material  about 
f-1  inch  square,  which  are  covered  with  about 
1-1|^  inches  of  the  reagent.  The  tests  should 
be  carried  out  exactly  as  described.  Except 
when  specially  stated,  the  reagents  are  to  be 
applied  in  succession  to  fresh  portions  of  the 
material.  In  making  ‘ stripping  tests,’  the  de- 
gree of  stripping  is  judged  by  comparing  the 
remaining  depth  of  shade  with  that  of  the 
original  pattern.  The  colour  of  the  stripping 
solution  cannot  be  relied  upon  as  a guide.  In 
boiling  with  dilute  acetic  acid  and  dilute 
ammonia,  it  is  found  advantageous  to  repeat 
the  extraction,  as  a better  stripping  is  thereby 
obtained,  and  with  acid  dyestuffs  any  staining 
of  the  cotton  by  the  first  strong  extract  is 
removed  during  the  second  boil.  In  testing 
with  dilute  ammonia  or  sodium  acetate,  the 
material  is  placed  in  a test-tube  with  a piece 
of  white  mercerised  cotton  cloth,  somewhat 
smaller  in  size,  and  boiled  for  the  time  pre- 
scribed. If  the  shade  is  a pale  one,  the  size  of  the 
sample  should  be  increased  and  that  of  the  cotton 
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diminished.  The  dilute  ammonia  is  replaced 
by  aqueous  alcoholic  ammonia  in  the  case  of 
the  violet  and  black  dyestuffs’  (Tables  III.  and 
VIE),  as  in  these  cases  the  acid  dyestuffs  are 
less  easily  extracted,  and  the  cotton  is  more 
liable  to  be  stained  by  them.  In  making  reduc- 
tion tests,  the  sample  is  boiled  for  from  one- 
quarter  to  one  minute  with  the  hydrosulphite, 
then  rinsed  well  under  the  tap,  and  allowed  to  lie 
on  white  paper.  With  most  dyestuffs  which  form 
air- oxidis able  leuco-  compounds,  the  colour  re- 
turns immediately  or  in  a few  minutes,  but  with 
others  a longer  time  is  required.  The  reaction  is 
accelerated  by  exposing  the  pattern  to  ammonia 
vapour.  If  the  colour  does  not  return,  the 
pattern  is  boiled  with  a little  water  in  a test- 
tube,  and  potassium  persulphate  is  added  drop 
by  drop,  carefully  avoiding  an  excess.  If  this 
also  fails  to  cause  any  return  of  colour,  the 
dyestuff  is  to  be  regarded  as  a nitro-,  nitroso-,  or 
azo-  compound.  The  depth  of  the  restored 
colour  varies  greatly  in  different  cases  ; with 
some  dyestuffs  the  colour  reappears  with  nearly 
its  original  depth,  but  with  others  (probably  on 
account  of  the  greater  solubility  of  their  leuco- 
compounds)  only  a pale  shade  may  return. 
Safranine  and  its  azo-  derivatives  are  peculiar 
in  yielding  a violet  colour  on  reoxidation  of  the 
leuco-  compound,  this  being  due  to  the  con- 
densation of  the  leuco-safranine  with  the 
formaldehyde  present  in  the  hydrosulphite  NF. 

The  tables  (I.  to  VII.,  pp.  596-602)  give  the 
scheme  of  analysis. 

These  tables  do  not  always  differentiate 
between  closely  related  individual  dyes,  for  which 
purpose  further  tests  must  be  made.  At  this 
stage  of  the  investigation  it  is  very  desirable  to 
procure  small  pieces  of  material  dyed  with  such 
known  colouring  matters  as  the  group  tests, 
combined  with  the  colour  of  the  sample,  have 
indicated  as  probable.  Parallel  individual  tests 
should  then  be  applied  with  these  and  with  the 
sample  under  examination. 

The  following  series  of  reagents  have  been 
found  by  W.  M.  Gardner  to  be  convenient  for 
this  purpose.  They  should  be  applied  in  the 
order  given,  and  used  as  follows  : — 

Application  of  cold  reagents. — Steep  a piece  ‘ 
of  the  material  1 by  inch  in  (say)  5 c.c. 
of  reagent  for  5 minutes  in  a small  porcelain 
dish. 

Application  of  reagents  hy  foiling. — In  a test- 
tube  place  10  c.c.  of  reagent  and  a piece 
of  material  1 by  inch.  Boil  gently  for  3 
minutes. 

Application  of  nitric  acid  test. — On  a white 
glazed  porcelain  plate,  spot  the  material  by 
dipping  a glass  rod  into  the  acid  and  then  pressing 
it  on  to  the  cloth.  Note  the  changes  in  colour 
which  occur  during  the  formation  of  the  spot, 
and  re-examine  after  several  hours,  noting  any 
further  change. 

Reagents  for  identif3dng  individual  dyestuffs  : 

. 1.  Boiling  water.  aUsc  small  pieces 

2.  5p.c.  acetic  acid, boiling.  I of  white  wool, 

3.  3 p.c.  ammonia,  boiling.  > silk,  and  cotton 

4.  3 p.c.  soap,  boiling.  | along  with  the 

5.  Boiling  alcohol.  ' dyed  sample. 

6.  Concentrated  sulphuric  acid,  cold. 

7.  3 p.c.  ammonium  persulphate,  cold. 

8.  Bleaching  powder  solution,  5°Tw.,  cold. 


9.  50  grams  SnCl2,2Il2O-fl00  c.c.  HCl. 
32°Tw.  per  litre,  cold. 

10.  5 c.c.  NaNOg  (5  grams  per  litre),  and 
5 c.c.  H2SO4  (3*5  grams  per  litre)  boiling. 

11.  Apply  test  10  cold,  then  wash  and 
steep  the  material  in  a solution  of  sodium 
i8-naphtholate  5 grams  per  htre. 

12.  Concentrated  nitric  acid  (spot  test). 

If  the  sample  under  examination  shows  the 
same  reactions  as  any  one  of  the  control  samples, 
with  each  of  the  above  reagents,  its  identity 
may  be  considered  as  clearly  established. 

Knecht  (J.  Soc.  Dyers,  1904,  98)  states  that 
titanous  chloride  possesses  advantages  over 
both  stannous  chloride  and  sodium  hydrosulphite 
as  a test  for  dyestuffs.  The  solution  is  prepared 
by  boiling  together  25  c.c.  commercial  titanous 
chloride  solution  (20  p.c.)  and  25  c.c.  HCl, 
32°Tw.,  and  diluting  to  1000  c.c.  with  water. 

Identification  of  Dyestuffs  on  Cotton. 

Green  (Analysis  of  Dyestuffs,  1915)  has 
worked  out  an  analytical  scheme  for  the  detec- 
tion of  dyestuffs  on  cotton  on  the  same  lines  as 
that  previously  described  for  wool. 

The  reagents  are  as  follows  : — 

o 

1.  Dilute  ammonia. — 1 c.c.  strong  ammonia 
to  100  c.c.  distilled  water. 

2.  Dilute  caustic  soda. — 10  grams  caustic 
soda  in  100  c.c.  water. 

3.  Saline  caustic  soda. — 10  c.c.  caustic  soda 
solution  (35-40  p.c.  NaOH)  to  100  c.c.  saturated 
solution  of  salt. 

4.  Formic  acid  90  p.c. — Concentrated  com- 
mercial acid. 

5.  Dilute  formic  acid. — 1 c.c.  formic  acid 
(90  p.c.)  to  100  c.c.  distilled  water. 

6.  Dilute  hydrochloric  acid. — 5 c.c.  hydro- 
chloric acid  (30  p.c.)  to  100  c.c.  of  water. 

7.  Soap  solution. — 10  grams  soap  in  300  c.c. 
of  water. 

8.  Tannin  solution. — 10  grams  tannic  acid 
and  10  grams  sodium  acetate  in  100  c.c.  of 
water. 

9.  Bleaching  poivder  solution. — Fresh  solution 
at  5°Tw. 

10.  Hydrosidphite  AX  (same  as  for  wool, 
see  p.  593). 

11.  Hydrosulphite  B (same  as  for  wool,  see 
p.  593). 

12.  Hydrosulphite  BX. — Dissolve  50  grams 
of  rongalite  or  hydrosulphite  NF  cone,  in  125  c.c. 
of  hot  water.  Grind  1 gram  of  anthraquinone 
(precipitated,  not  sublimed)  to  a fine  powder, 
and  reduce  to  a smooth  paste  with  a little  of  the 
rongalite  solution.  Add  this  paste  to  the 
remaining  solution,  and  heat  the  whole  for 
1 or  2 minutes  at  about  90°.  Then  dilute  with 
cold  water  to  500  c.c.,  and,  after  standing  until 
cold,  add  c.c.  of  glacial  acetic  acid.  Keep  in 
a well-stoppered  bottle  with  greased  stopper. 
The  reagent  should  be  tested  occasionally  by 
trying  its  effect  on  cotton  dyed  with  a-naphthyl- 
amine  bordeaux,  which  should  be  fully  dis- 
charged after  boiling  for  1 or  2 minutes.  The 
anthraquinone  may  be  replaced  by  /8-oxyanthra- 
quinone,  which  can  be  employed  in  the  same 
way  or  previously  dissolved  in  a little  alcohol 
before  it  is  added  to  the  hydrosulphite.  It  has 
the  advantage  of  giving  a clearer  solution,  but 
is  not  so  generally  available. 

13.  Persulphate  solution. — A cold  saturated 
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solution  of  potassium  persulphate,  or  a 1 p.c. 
solution  of  ammonium  persulphate. 

14.  Acid  stannous  chloride. — 100  grams 
stannous  chloride  to  100  c.c.  hydrochloric  acid 
(30  p.c.)  and  50  c.c.  water.  The  hydrochloric 
acid  must  be  free  from  arsenic.  In  testing  for 
sulphide  colours,  this  reagent  may  be  replaced 
with  advantage  by  a strong  solution  of  titanous 
chloride. 

15.  Chromium  fluoride  reagent. — A solution 
of  10  grams  chromium  fluoride  and  5 grams 
sodium  acetate  in  100  c.c.  water. 

Procedure  : General. — All  the  reactions  are 
performed  in  test-tubes,  with  pieces  of  material 
about  of  an  inch  square,  which  are  covered 
to  the  depth  of  from  1^  to  2 inches  with  the 
reagent.  The  degree  of  stripping  is  judged  by 
comparing  the  remaining  shade  with  that  of 
the  original  pattern  ; the  colour  of  the  stripping 
solution  cannot  be  relied  upon  as  a guide.  In 
testing  the  colours  of  calico  prints,  the  separate 
colours  should  be  cut  out  and  the  reactions  tried 
upon  them  separately.  With  cotton  and  wool, 
or  cotton  and  silk  unions,  the  weft  is  separated 
from  the  cotton  warp,  and  each  submitted  to 
examination.  Doubt  may  frequently  exist  as 
to  how  a particular  shade  should  be  classified, 
whether,  for  instance,  a reddish-blue  is  to  be 
regarded  as  a blue  or  a violet.  In  such  cases 
the  tables  referring  to  both  colours  should  be 
employed  ; but  since  the  same  general  scheme  is 
adopted  throughout  the  tables,  this  can  scarcely 
give  rise  to  confusion.  The  same  remark 
applies  to  possible  mixtures  ; thus  in  examining 
a certain  green  shade,  both  the  yellow  and  the 
blue  tables  may  have  to  be  used. 

To  distinguish  between  individual  dyestuffs 
of  the  same  group  the  same  method  should  be 
adopted  as  in  the  case  of  wool  {see  p.  594). 

It  is  obvious  that  in  many  instances  the 
analytical  procedure  may  be  greatly  simplified 
by  exclusion  of  dyestuffs  the  presence  of  which 
is  rendered  improbable  or  impossible  by  the 
special  circumstances  of  the  case,  e.g.  by  the 
material,  shade,  or  mode  of  application  of 
the  colour. 

Stripping  test. — A few  of  the  direct  dye- 
stuffs are  partially  stripped  by  dilute  ammonia, 
and  may  thus  give  rise  to  the  impression  that 
they  are  acid  colours.  To  avoid  this  error, 
it  is  advisable  to  add  a small  piece  of  white 
cotton  when  carr5dng  out  the  test.  With  an 
acid  dyestuff  the  cotton  is  either  not  tinted  or 
becomes  white’^on  boiling  a second  time  with 
dilute  ammonia. 

Transference  of  basic  dyes  to  wool. — The 
tannin  mordant  is  first  removed,  as  in  testing 
for  a basic  colour,  by  boiling  the  pattern  for  half 
a minute  with  saline  caustic  soda.  It  is  then 
well  washed  to  remove  all  alkali,  and  is  boiled 
with  a piece  of  white  wool  (half  the  size  of  the 
cotton  or  less)  in  a little  water  for  1 or  2 
minutes.  In  most  cases  the  dye  base  will  leave 
the  cotton  almost  entirely,  and  dye  the  wool  a 
full  shade.  If  the  colour  does  not  develop  on 
the  wool,  one  or  two  drops  of  dilute  formic  acid 
(1  : 100)  may  be  added.  In  the  case  of  a few 
dyestuffs  which  are  more  difficult  to  strip 
{e.g.  basic  greys),  it  is  necessary  to  extract  the 
colour  with  ^lute  hydrochloric  acid  (1  : 20), 
carefully  neutralising  the  extract  with  ammonia 
before  adding  the  wool. 


Tannin  test  for  basic  dyes. — Add  a few 
drops  of  tannin  solution  to  the  formic  acid 
extract.  Shake  well,  and  if  the  precipitate 
does  not  form  at  once,  allow  to  stand  a few 
minutes.  Some  colouring  matters  such  as  the 
rhodamines,  gallocyanines,  and  chrome  colours 
of  the  rosaniline  series  (which  contain  carboxyl- 
or  hydroxyl-  groups  in  addition  to  basic  groups) 
only  precipitate  slowly,  and  the  precipitate, 
being  more  finely  divided,  is  sometimes  difflcult 
to  see. 

Bleeding  test  for  direct  dyestuffs. — In  testing 
for  direct  dyestuffs  by  the  bleeding  test,  the 
sample  is  placed  in  a test-tube  together  with  a 
smaller  piece  of  white  mercerised  cotton  cloth, 
and  boiled  with  soap  solution  for  about  a minute. 
The  soap  solution  may  be  replaced  by  a 5 p.c. 
solution  of  sodium  carbonate. 

Lead  acetate  test  for  sulphide  dyes. — The 
sample  is  first  boiled  for  two  minutes  with  a 
10  p.c.  solution  of  sodium  hydroxide  to  remove 
any  adventitious  sulphur  compounds.  It  is  then 
well  washed  and  just  covered  with  acid  stannous 
chloride  solution.  The  mouth  of  the  test  tube 
is  closed  by  a cap  of  filter  paper  closely  wrapped 
round  it,  into  the  centre  of  which  is  placed,  by 
means  of  a glass  rod,  one  drop  of  lead  acetate 
solution.  The  contents  of  the  test-tube  are 
slowly  heated  to  the  boiling-point,  when  a 
blackish-brown  stain  of  lead  sulphide  appears  if 
a sulphide  colour  is  present.  The  brown  spot 
will  again  disappear  on  continued  boiling  on 
account  of  the  decomposition  of  the  lead 
sulphide  by  the  hydrochloric  acid  evolved. 
It  is  important  to  pay  special  attention  to  the 
cleanliness  of  the  test-tubes  employed  for  this 
test,  as  tubes  which  have  been  previously  used 
for  hydrosulphite  reductions  acquire  a thin 
invisible  deposit  of  sulphur  upon  their  walls, 
which,  on  boiling  with  stannous  chloride,  gives 
rise  to  hydrogen  sulphide,  and  thus  may  lead 
to  error. 

Reduction  and  reoxidation  tests. — The  reduc- 
tion with  hydrosulphite  BX  is  carried  out  by 
boiling  the  sample  with  the  reagent  for  from  a 
minute  to  a minute  and  a half.  The  azines, 
thiazines,  oxazines,  &c.,  and  most  of  the  azo- 
dyestuffs are  fully  reduced  in  about  half  a 
minute,  but  the  insoluble  azo-  colours  and  some 
direct  dyestuffs  require  longer  boiling  to  complete 
their  reduction.  In  testing  the  reoxidisability 
by  air,  the  reduced  sample  may  be  exposed  to 
the  fumes  of  ammonia,  which  in  many  cases 
accelerates  oxidation. 

Tests  for  vat  dyestuffs. — {See  Green  and 
Frank,  J.  Soc.  Dyers,  1910,  83  ; and  Grand- 
mougin,  Tabellarische  Uebersicht  der  Kupen- 
f arbstoffe. ) 

The  analytical  tables  worked  out  by  Green 
for  the  identification  of  dyestuffs  on  vegetable 
fibres,  are  given  on  pp.  603-609,  Tables  VIII. 
to  XIV. 

S.  T.  Mulliken  (Identification  of  the  Com- 
mercial Dyestuffs,  1910)  has  published  a 
systematic  scheme  of  analysis,  primarily  in- 
tended for  the  examination  of  the  dyestuffs  in 
substance.  The  tables  give  the  reactions  of 
1475  distinct  dyestuffs,  and  are  of  great  service 
in  the  identification  of  dyes  on  the  fibre. 

Spectroscopic  examination  of  dyestuffs. — The 
absorption  spectra  of  dyestuffs  may  be  used  as 
an  aid  to  their  identification.  In  the  second 
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Colour  changed  to  yellow-brown 
or  brown  : — Alizarin  class.  A 
mod  ant  is  present 

Alizarin  red  S,  &c-.,  on  Sn,  alizarin  orange  SW 
^ on  Cr,  Al,  Sn. 

Decolourised.  Colour  is  not  re- 
stored either  by  air  or  by  persul- 
phate : — Azo  class.  Test  for  a 
mordant  (Cr) 

Mordant  absent : — Azo 
Salt  dyestuff.  Confirm 
by  boiling  with  5 p.c. 
sodium  acetate  and  a 
piece  of  white  cotton 
stained 

Chrysophenine,  chrysamine,  diamine  fast  yellow 
3G,  diamine  yellow  N,  benzo  fast  yellow  and 
2 orange,  congo  orange,  cotton  yellow,  carbazol 
yellow,  pyramine  orange,  dianil  orange,  triazol 
yellow  G,  sulphon  yellow,  &c. 

Mordant  present. 
Boil  with  5 p.c.  so- 
dium acetate  and  a 
piece  of  white  cotton 
for  two  minutes 

Cotton  is 
stained  : — 

Salt-mop- 
dant  dye- 
stuff 

Autochrome  orange,  mercerol  yellow  2R,  mer- 
cerol  orange  2R,  salicine  orange  G,  salicine 
yellow  G,  metachrome  yellow,  &c. 

Cotton  remains 
white : — Acid- 
mordant 
dyestuff 

Acid  alizarin  yellow,  eriochrome  yellow,  alizarin 

3"ellow  G,  2G,  3G,  R,  flavazol,  diamond  flavine, 
anthracene  yellow,  chrome  fast  yellow,  fast  mor- 
dant yellow,  salicine  yellow  D,  diamond  yellow, 
chrome  yellow,  chrome  orange,  &c. 

Decolourised.  Colour 
returns  on  exposure  to 
air,  or  more  quickly  on 
oxidation  with  persul- 
phate. Boil  with  5 p.c. 
sodium  acetate  and  a 
piece  of  white  cotton 
for  two  minutes 

Cotton  is 
stained : — Salt 
dyestuff  Stil- 
bene  class 

CurcumineS,  Mikado  yellow,  golden  yellow  and 

5^  orange,  direct  yellow,  stilbene  yellow,  diamine 
fast  yellow  A,  AR,  diamine  orange  D,  dianil  di- 
rect yellow  S,  chloramine  orange,  sun  yellow,  &c. 

Cotton  remains 
white:— Indigoid 
Vat  dyestuff. 
Confirm  by  ex- 
traction with  ani- 
line and  sublima- 
tion test 

Helindone  yellow  and  orange,  ciba  yellow  and 
orange,  ciba  indigo  yellow  3G,  thioindigo  yellow, 
and  orange,  &c. 

Colour  unaffected,  or 
only  slightly  changed 
in  shade.  Test  for  a 
mordant 

Mordant  absent: — Thi- 
azol  Salt  dyestuff. 
Confirm  by  boiling  with 

5 p.c.  sodium  acetate 
and  a piece  of  white  cot- 
ton. The  latter  is  stained 

Thioflavine  S,  diamine  fast  yellow  B,  FF,  M,  sub 

phine,primuline,  chloramine  yellow,  brilliant  pure  ^ 
yellow,  chlorazol  fast  yellow,  thiazol  yellow,  Clay- 
ton yellow,  chlorophenine,  dianil  pure  yellow  HS, 
naphthamine  pure  yellow  G,  mimosa  yellow,  &c. 

Mordant  present : — 
Flavone  or  Ketone 
class 

^ Fustic,  quercitron  bark,  weld,^  flavine,  ahzarin 
yellow  A and  C,  galloflavine,  &c. 

Much  colour  is  stripped,  hut  cotton  remains  white  : — i 

Acid  dyestuff.  Boil  with  hydrosulphite  AX  or  B 

1 

Decolourised,  and  colour  does  not  return 
on  exposure  to  air  or  upon  oxidation  with 
persulphate  : — Azo-  group  or  Nitro- 
, group.  Add  cone.  HCl  to  the 

ammoniacal  extract 

Solution  becomes 
violet  or  violet-red 

oi  Metanil  yellow,  orange  IV,  Victoria  yellow. 

Solution 
becomes  red 

Fast  yellow,  Indian  yellow,  azoflavine,  cur- 
cumeine,  orange  II,  wool  fast  yellow. 

Solution  becomes 
colourless  or 
pale  yellow 

i>  Naphthol  yellow  S,  Martins  yellow,  citronine. 

No  change  of 
colour 

Tartrazine,  oranges  G,  2G,  &c,,  R,  fast  light 
yellow,  xylene  yellow,  flavazine. 

Colour  is  not  affected  : — 

Quinoline  or  Pyrone  group 

^ Quinoline  yellow,  uranine,  eosin  orange,  tur- 
meric. 

Decolourised.  Colour  is  not  restored 
by  air  or  by  persulphate  : — Azo- 
group 

^ Chrysoidine,  tannin  orange,  now  phosphine, 

J anus  yellow. 

Not  decolourised  or  only  very 
slightly.  Treat  fibre  with 
cone.  H2SO4 

Colourless  solution. 
Boil  with  dilute 
HCl  (1  : 10) 
Thiazol  group 

Fibre  and  solution 
pale  yellow 

• 

M Thioflavine  T,  rhoduline  yellow. 

Completely 

decolourised 

j 

Auramine  0 and  G. 

Green  fluorescent  solution  ; — 

Acridine  group 

^ Phosphine,  benzoflavine,  rheonine,  patent 
phosphine,  acridine  yellow,  acridine  orange,  &c. 
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Colour  slowly  changed  to  orange  or 
orange-brown.  Original  colour  is 
restored  by  persulphate.  A mor- 
dant is  present.  Alizarin  class 

g Alizarin  red  W,  IWS,  S,  SB,  PS,  &c. 

Decolourised.  Colour  is  not 
restored  either  by  air  or  by 
persulphate  : — Azo  class. 
Test  for  a mordant  (Cr) 

Mordant  absent : — Salt 
dyestuff.  Confirm  by 
boiling  with  5 p.c.  sodium 
acetate  and  a piece  of 
white  cotton 

Diamine,  benzo,  dianil,  chlorazol,  naphthamine, 

^ &c.,  reds,  scarlets,  and  fast  scarlets,  erika, 

geranine,  benzopurp urine,  milling  reds  and 
scarlets,  polar  red,  &c. 

Mordant  present. 
Boil  with  5 p.c.  so- 
dium acetate  and  a 
small  piece  of  white 

cotton  for  2 or  3 

minutes 

Cotton  is 
stained  : — 

Salt- 

mordant 

dyestuff 

00  Anthracene  red,  acid  anthracene  red,  auto- 
chrome  red,  salicine  red,  chrome  fast  red,  &c. 

Cotton 
remains 
white  : — 

Acid- 

mordant 

dyestuff 

Antlnacene  chrome  red,  acid  alizarin  red,  erio- 
j.,  chrome  red,  eriochrome  bordeaux,  eriochrome 
garnet,  oxychrome  garnet,  diamond  red,  pala- 
tine chrome  red,  &c. 

Decolourised,  Colour  does  not 
return  on  exposure  to  air,  but 
is  restored  by  persulphate.  A 
mordant  is  present  (A1  or  Cr) 

S Insoluble  red  woods,  e.g.,  barwood,  camwood, 

Decolourised.  Colour  returns 
on  exposure  to  air : — Indigoid 
Vat  dyestuff.  Confirm  by 
e:^traction  with  aniline  and 
sublimation  test 

Helindone  red,  scarlet,  fast  scarlet  and  pink, 
g ciba  red  and  scarlet,  thioindigo  red,  thioindigo 
scarlet,  vat  red,  &c. 
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Colour  is  changed  to  yellow. 
Original  colour  is  not  re- 
stored on  exposure  to  air. 
Sn  is  present 


Cochineal  scarlet. 


o Colour  unaffected  : — Pyrone 
'Sj  class.  The  ammoniacal 
extract  is  fluorescent,  and  on 
2 , acidifying,  the  fluorescence 
ii  1 is  discharged 
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Eosine,  eosine  scarlet,  pliloxine,  erythrosine, 
rose  bengale,  &o. 
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Colour  is  changed  to  bright 
yellow,  which  slowly  returns 
in  air  to  original  shade  :— 
Anthraquinone  class 


Alizarin  rubinol. 
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Colour  changed 
to  dark  maroon 
or  blue-violet 

ft  Chromo trope,  azofuchsine. 

Colour 

unaffected 

Palatine  scarlet,  Victoria  scarlet,  lanafuchsine, 
sorbine  red,  Biebrich  acid  red,  crj^stal  scarlet, 

S fast  red,  croceine  scarlet,  Biebrich  scarlet,  wool 
and  cloth  reds,  wool  scarlet,  amido  naphthol  red, 
eriocarmine,  eriorubine,  azo  acid  red,  fast  acid 
cochineal,  &c. 

Decolourised.  Colour  does  not 
return  on  exposure  to  air,  but 
is  restored  by  persulphate  : — ■ 

Triphenyl-methane  class 


a Acid  magenta,  acid  fuchsine,  fast  acid  red  A. 


Decolourised.  Colour  returns 
on  exposure  to  air  ; — Azine 
class 


00  Rosinduline,  azo  carmine. 


Colour  unaffected: — Pyrone 
class.  On  acidifying  the 
ammoniacal  extract,  fluor- 
escence is  not  discharged 
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Unaffected.  A1  or  Cr  is  present  in 
ash.  On  boiling  with  dilute  am- 
monia the  colour  becomes  much 
bluer 
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Decolourised.  Colour  does  not 
return  on  exposure  to  air,  but 
is  restored  by  persulphate  ; — 
Triphenyl-methane  class 


Decolourised.  Colour  is  not 
restored  either  by  air  or  by 
persulphate  : — Azo  class 


An  acid  eosine  or  acid  rhodamine,  e.g.,  fast  acid 
eosine,  fast  acid  phloxine,  acid  rhodamine, 
acid  rosamine,  xylene  red,  brilliant  kitone  red, 
sulpho  rosazeine,  &c. 

Soluble  red  woods,  e.f/.,  Brazilwood,  Limawood, 
sapanwood,  peachwood,  &c. 


Janus  red 


Magenta,  fuchsine,  diamond  magenta,  new  ma- 
genta, cerise,  &c. 
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Fibre  and 
solution 
violet 


CO  Cudbear,  archil 
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Fibre  and 
solution 
green  : — 

Azine  class 


Saf ranine,  induline  scarlet,  rhoduline  red,  di- 
azine  red,  brilliant  rhoduline  red,  brilliant  rho- 
duline violet  R,  brilliant  safranine,  &c. 


Colour  unaffected  : — • 

Pypone  class 


Ivhodamines,  irisamine,  anisoline,  rosazeine, 
rhoduline  pink,  &c. 
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DYESTUFFS,  IDENTIFICATION  OF,  ON  FABRICS. 
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Little  or  no  colour  is  stripped : Vat,  Mordant,  or  Salt  dyestuff.  Boil  with 

hydrosulphite  AX 

1 Colour  changed  to 
! orange-brown  or 
brown  : Alizarin 
class.  A mordant 
is  present.  Boil 

original  fibre  with 

dilute  hydrochloric 

acid  (1  : 10) 

Fibre  and  solution 
red-brown  to 
violet-brown 

00  Alizarin  bordeaux,  alizarin  claret,  alizarin 
maroon. 

Fibre  and  solution 
orange 

^ Alizarin  red  S,  &c.,  on  Fe. 

Decolourised.  Colour 
is  not  restored  either 
by  air  or  by  per- 
sulphate; Azo  class. 
Test  for  a mordant 
(Cr) 

Mordant  absent : Salt 
dyestuff.  Confirm  by 
boiling  with  5 p.c. 
sodium  acetate  and  a 
piece  of  white  cotton. 
Stained 

qo  Diamine,  benzo,  dianil,  Columbia,  cblorazol„ 
naphthamine,  ohlorantine,  &c.,  violets. 

Mordant  present : Acid- 
mordant  dyestuff. 

^ Acid  alizarin  violet,  acid  chrome  violet, 

M eriochrome  violet,  Palatine  chrome  violet. 

Decolourised.  Colour  does  not  re- 
turn on  exposure  to  air,  but  is  re- 
stored by  persulphate  : Triphenyl- 
methane  class.  A chrome  mordant 
is  present 

^ Chromogene  violet,  metachrome  violet, , 
’-I  chrome  violet 

• 

Decolourised. 
Colour  returns  on 
exposure  to  air. 
Test  for  a mordant 

Mordant  absent : Indigoid 
Vat  dyestuff.  Confirm 
by  extraction  with  aniline 
and  sublimation 

Helindone  violet,  ciba  violet,  ciba  helio-  ■ 

CO  » t ^ ^ 

M trope,  thioindigo  violet,  &c. 

Mordant  present : Azine, 
Oxazine,  or  Thiazine 
class. 

^ Gallocyanine,  prune,  ceiestine  blue,  correine.* 

Colour  unaffected  : Pypone  class. 

A chrome  mordant  is  present 

;i|  Galleine. 

Much  colour  is  stripped,  but  cotton  remains  white  : Acid  dyestuff. 
Boil  with  hydrosulphite  AX. 

Colour  is  changed  to  orange-yellow, 
restored  by  persulphate  to  a violet- 
brown  : Anthraquinone  class 

<3  Anthraquinone  violet,  alizarin  direct  violet,  | 
alizarin  irisol,  alizarin  cyanol  violet. 

Decolourised.  Colour  is  not  re- 
stcued  either  by  air  or  by  per- 
sulphate ; Azo  class 

Lanacyl  violet,  azo  acid  violet,  sulphon  ! 
violet,  Victoria  violet  erio  fast  purple,  wool 
violet. 

Decolourised.  Colour  does  not  return 
on  exposure  to  air,  hut  is  restored  by 
persulphate : Triphenylmethane  and 
Pypone  classes.  Boil  with  5 p.c. 
sodium  acetate  for  one  minute 

Little  colour  is 
stripped.  Spot 
original  fibre  with 
cone,  hydrochloric 
acid 

Yellow 

spot 

Acid  violets,  alkali  violet,  guinea  violet,  : 
°°  formyl  violet,  kitone  violet,  &c. 

Fibre  un- 

changed 

Pyrono  colours,  e.g.,  fast  acid  violets,  viol- 
amines,  and  violet  4R,  &c.  j 

' 

Much  colour  is 
stripped,  but  solu- 
tion remains  colour- 
less. Treat  original 
fibre  with  cold  cone, 
sulphuric  acid 

Fibre 

becomes 

reddish- 

brown 

1 

Red-shade  soluble  blues.  i| 

1 

! 

Colour 
of  fibre 
yellow 
to 

orange 

Certain  red-shade  acid  violets,  e.g.,  acid  i 
violet  4RS  and  5RS,  red  violets  4RS,  &c. 

Decolourised.  Colour  returns  on 
exposure  to  air  : Azine,  Oxazine, 
or  Thiazine  class 

1 

i 

^ Fast  blue  R,  red  shade  indulines,  &c. 

o 


ft  O .P-, 
.pco^pj 


p 

o 

Ml  qj) 
CD  -M 

o P 


Unaffected.  A1  or  Cr  is  present  in 
ash . On  boiling  with  dilute  am- 
monia, the  colour  becomes  much  bluer 


Decolourised.  Colour  does 
not  retm'u  on  exposure  to 
air,  but  is  restored  by  per- 
sulphate : Triphenyl- 
_ methane  clas s 

Decolourised.  Colour 
returns  on  exposure  to 
air:  Azine,  Oxazine, 
or  Thiazine  class 


CO 


01 


Soluble  red  woods,  e.g.,  Brazilwood,  Lima-  h 
W'ood,  sapanwood,  peachwood,  &c. 


Metliyl  violet,  eth3d  violet,  crystal  violet,  i: 
benzyl  violet,  brilliant  violet,  &c. 


Neutral  violet,  rlioduline  violet,  methylene 
violet,  tannin  heliotrope,  iris  violet,  &c. 
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Colour  changed  to  brown,  becoming  blue 
again  on  exposure  to  air  : — Alizarin  class 
Mordant  present 
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Mordant  absent : — Salt  dyestuff. 
Confirm  by  boiling  with  5 p.c. 
sodium  acetate  and  a piece  of 
white  cotton.  Cotton  stained 


lO 

CM 


Alizarin  blue  (Anthraquinoline  class). 

Diamine,  benzo,  dianil,  Chicago,  chlorazol, 
naphthamine,  &c.,  blues  and  skjr  blues,  sulphon 
acid  blue,  sulphoncyanine,  sulpnonazurine,  erio 
last  blue  SWR,  tolyl  blue  GR  extra  and  5R 
extra,  &c.  
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Cotton  is  stained ; 
Salt-mordant 
dyestuff 


4iH 


Autochrome  blue. 


Cotton  remains 
white : — Acid-mor- 
dant dyestuff 


CO 

(M 


Chromotrope  blue,  acid  chrome  blue,  chrome 
fast  blue,  anthracene  chrome  blue,  fast  mor- 
dant blue,  salicine  chrome  blue,  &c.  


Decoloiuised.  Colour  does  not  return  jMordant 
on  exposm’e  to  air,  but  is  restored  by  1 absent 
persulphate : — Triphenylmethane  Mordant 
class.  Test  for  a mordant  1 present 
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Brilliant  milling  blue  B. 
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Chrome  blue. 
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Colourless  solution  :- 
Pyrone  dyestuff 


o 

CM 


Fast  acid  blue  R,  violamine  3B. 


Blue  solution  giving  on 
evaporation  a sublimable 
residue  ; — Indigoid  Vat 
dyestuff 


Indigo,  helindone  blue  3G  and  2B,  ciba  blue, 
thioindigo  blue,  &c. 
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Fibre  and  solution  red 


00 


Eriochrome  azurol,  eriochrome  cyanine,  chrome 
worsted  blue,  chromal  blue,  chromoxane  blue,  &c 


Fibre  and  solution  blue  or 
violet 


Gallocyanine;  celestine  blue,  correine,  prune, 
gallamine  blue,  delphine  blue,  brilliant  delphine 
blue,  indalizarin;  lanoglaucine,  ultra  cyanine, 
ultra  violet,  &c.  


Fibre  and  solution  green 


oo 


Brilliant  alizarin  blue,  mercerol  brilliant  blue, 
indochromine,  &c. 
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Mordant  absent 


12  Indanthrene  blue  WB. 


Mordant  present 


Alizarin  cyanine,  brilliant  alizarin  cyanine, 
anthracene  blue,  alizarin  indigo  blue,  acid  ali- 
zarin blue  2B  and  GR,  &c. 
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bright  yellow  to  orange- 
brown,  returning  with 
persulphate 


<yi 


Alizarin  astrol,  alizarin  uranol,  cyananthrol, 
alizarin  direct  blue  B,  alizarin  cyanol  B,  aliz- 
arin sky  blue,  anthraquinone  blue,  &c. 


red- violet,  retmuing  with 
persulphate 


CM 


Alizarin  saphirol,  anthracyanine,  alizarin  direct 
blue  EB  and  E3B,  alizarin  cyanol  EF,  brilliant 
anthr azurol,  eriooyanine  LM,  fast  sky  blue,  &c. 


Decolourised.  Colour  is  not  restored  either 
by  air  or  by  persulphate  : — Azo  class 
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Ammoniacal  extract  is 
colourless,  but  becomes  blue 
on  acidifying 
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Fibre  and  solution 
colourless  to  pale 
yellow 


os 


Lanacyl  blue,  azo  acid  blue,  azo  merino  blue, 
azo  navy  blue,  chromazone  blue,  azocyanine,  &c. 
Soluble  blue,  water  bine,  alkali  blue,  chlorazol 
brilliant  blue  14B,  isamine  blue  8B,  brilliant 

dianil  blue  6G,  brilliant  sky  blue  8G,  &c. 

Patent  blue,  new  patent  blue,  Neptune  blue, 
xylene  blue,  brilliant  acid  blue,  kitone  blue, 
erioglaucine,  eriocyanine,  erioohlorine,  cyanole, 
cyanine,  fast  acid  violet  lOB,  cyanogene,  &c. 


Fibre  and  solution 
red-brown  to 
orange-brown 


00  Wool  blue,  cyanole  FF,  intensive  blue,  &c. 
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The  ammoniacal  extract  is 
colourless.  Fe  is  present 
in  ash 


Prussian  blue. 


The  ammonia- 
cal extract  is 
blue.  On 
adding  caustic 
soda 


becomes 
violet  on 
heating 


Thiocarmine,  fast  blue,  induline,  acid  cyanine, 
fluorescent  blue,  lazuline  blue,  &c. 


at  once 
becomes 
yellow 


^ Indigo  extract,  indigo  carmine. 
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Unaffecte  d.  A1  or  Cr  is  present  in  ash. 
On  spotting  with  hydrochloric  acid 
the  blue  is  changed  to  brick-red 


Logwood  blue, 
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Decolourised.  A violet  colour 
returns  on  exposure  to 
air  : — Safranine  azo  dye- 
stuff 


I Decolourised.  Colour  does  not 
I return  on  exposure  to  air,  but 
: is  restored  by  persulphate ; — 
i Triphenylmethane  class 


CO 


(M 


Janus  blue,  diazine  blue,  indoine  blue,  Janus 
dark  blue,  naphthindone,  &c. 


Night  blue,  Victoria  blue,  setooyanine,  seto- 
glaucine,  turquoise  blue,  &c. 


Decolourised.  Colour  returns 
on  exposure  to  air ; — Azine, 
Oxazine,  or  Thiazine  class 


Methylene  blue,  Nile  blue,  Capri  blue,  cresyl 

blue,  Meldola’s  blue,  new  methylene  blue,  di- 
phene  blue,  &c. 
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Colour  changed  to 

orange  or  orange - 

brown  ; Alizarin 

class 

Original  colour  does  not  ■ 
return  on  exposure  to  air, 
but  is  restored  by  per- 
sulphate. A chrome 
mordant  is  present 

Alizarin  cyanine  green,  alizarin  viridine, 

^ brilliant  alizarin  viridine,  &c. 

Original  colour  returns  on 
exposure  to  air.  A 
mordant  is  present 

Coeiuleine,  alizarin  green  S,  alizarin  dark, 
green  W. 

Colour  changed  to  red-violet.  The 
original  colour  is  restored  by  per- 
sulphate. A chrome  mordant  is 
present 

® Eriochrome  verdone,  acid  alizarin  green. 

Decolourised.  Colour  is  not  restored 
either  by  air  or  by  persulphate ; — Azo  or 
Nitroso  class.  Test  for  a mordant 

Mordant  absent : — Salt  ! 

dyestuff.  Confirm  by  boiling 
with  5 p.c.  sodium  acetate 
and  a piece  of  white  cotton 

Diamine,  benzo,  dianil,  Columbia,  chlorazol, 
naphthamine,  &c.,  greens. 

Mordant  present.  Boil  with 

5 p.c.  sodium  acetate  and  a 
piece  of  white  cotton  for  two 
or  three  minutes 

Cotton  is  stained : — 
Salt-mordant 
dyestuff 

^ Diamond  green  2S,  chrome  patent  green  N, 
mercerol  green,  &c. 

Cotton  remains 
white.  Boil  original 

1 fibre  with  cone, 
hydrochloric  acid 

Colour  of  fibre 
unchanged, 
or  bluer  : — 

Azo  class 

Diamond  green  B and  3G,  cliromoxal  green, 

2 Cyprus  green,  omega  chrome  green,  erio- 
chrome green  H and  L,  acid  chrome  green, &o. 

Fibre  and 
solution  light 
brown  :• — Ni- 
troso class 

Najdithol  green  B,  gambines,  dioxine, 
chrome  green  G,  &c. 

Decolourised.  Colour  does  not  return 
on  exposure  to  air,  but  is  restored  by 
persulphate ; Tpiphenylmethane 
class.  A Cr  mordant  is  present 

^ Chromoxane  green,  chrome  green,  fast 
chrome  green,  &c. 
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with  persulpliate  to 
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Anthraquinone  green,  alizarin  cyanine  green, 
00  alizarin  brilliant  green,  fast  acid  green  BH, 
anthraquinone  blue-green. 
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bluish-green 

t-  Alizarin  emeraldol,  alizarin  direct  green. 
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Decolourised.  Colour  does  not  re 
turn  on  exposure  to  air,  but  is  re- 
stored by  persulphate  : — Triphenyl 
methane  class 
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Malachite  green,  brilliant  green,  f, 
setoglaucine,  solid  green,  China  g 
fast  green,  &c. 


Decolourised.  Original  colour  re- 
turns on  exposure  to  air  ; — Azine, 
Oxazine.  or  Thiazine  class 


^ Methylene  green,  Capri  green,  azine  green, 
fast  green  M,  &c. 


Decolourised.  A dark  violet  colour 
returns  on  exposure  to  air  : — 

Safranine  Azo  dyestuff 
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Union  black,  Columbia,  diamine,  dianil,  benzo, 
w chlorazol,  naphthamine,  &c.,  blacks  and  fast 
blacks,  direct  deep  black,  direct  blue  black,  &c. 
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Naphthol  black,  naphthylamine  black,  nerol, 
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Janus  black,  diazine  black,  jute  black, 
methylene  grey,  new  fast  grey,  &c. 
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stripped  by 
formic  acid. 
No  mordant 
in  ash : — Vat 
dyestuff 
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stripped  by 
formic  acid. 
A1  or  Or  in  ash: 
— Mordant 
dyestuff 


Helindone  orange  R,  helindone  yellow  3G, 
anthraflavone  G,  algole  yellow  3G  and  R,  algole 
orange  R,  indanthrene  yellow,  indantlirene 
orange  RT  and  golden  orange,  indantlirene 
copper,  cibanone  yellow  R and  orange  R. 
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Colour  is  not 
stripped.  Cr  present 
in  the  ash  : — Azo 
mordant  dyestuff 

^ Chrome  orange,  alizarm  yellow  R,  GG,  &c. 
diamond  flavine,  flavazol,  &c. 

Colour  is  stripped  : 

— Insoluble  azo 
colour 

Metanitrandine  orange,  nitrotoluidine  orange, 
orange  from  naphthol  AC. 
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duetion  is  colour- 
less : — Salt  azo 
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Not  decolourised. 
The  cone.  H2SO4 
and  alcoholic 
solutions  are 
fluorescent : — 
Acridine  class 

^ Phosphine,  benzoflavine,  acridine  yellow,  rheo- 
nine,  orange  flavophosphine,  &c. 

Decolourised 

00  Auramine. 

Decolourised 


Flavinduline. 
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A1 

absent 


to 


Thiofiavine  T,  methylene  yellow,  rhoduline 
yellow. 


A1 

present 


lO 


Alizarin  yellow  A. 


Fibre  blackened. 
Cr  present  in  ash 


Chrome  yellow  or  chrome  orange  (lead 
chromate). 
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Permanently 
decolourised  :— 
Azo  class 


<>2*  Indian  yellow,  orange  IV.,  G,  &c. 


Not  decolourised  :- 
Pypone  or 
quinoline  class 


9J  Quinoline  yellow,  cosine  orange. 


Colour  not  transferred  to  the  wool. 
Sn  is  present  in  ash 


Persian  berries  on  tin  mordant. 
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Colour  changed  to  greenish  yellow 
(not  restored  to  original  colour 
by  air),  which  can  be  diazotised 
and  developed  red  with  betanaph- 

thol : — Ppimuline  Azo  eoloup 
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j Cr  absent:  — 

Anthracene 
Vat 

dyestuff 


Algole  red  B,  indanthrene  red,  indanthrene 
claret,  ciba  scarlet  G. 


Cr  in  ash  : — 
Anthracene 
Mordant 
dyestuff 


in 


Alizarin,  purpurines  or  alizarin  maroon  on  Cr 
mordant. 


Colour  stripped  by 
formic  acid.  A1  in 
ash : — Anthracene 
Mordant  dyestuff 


Turkey  red,  alizarin  red,  alizarin  pink, 
alizarin  maroon. 
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Primuline  developed  with  betanaphthol  or 
with  R-salt. 
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No  H2S  is  evolved. 

Red  vapours  on 
heating : — Indigoid 
vat  dyestuff 

Algole  red  5G  and  scarlet  G,  algole  pink  R, 
ciba  red  G and  scarlet  G,  ciba  Bordeaux  B, 

21  helindone  red  B and  3B,  helindone  scarlet  S, 
helindone  fast  scarlet  R,  thioindigo  red  B, 
thioindigo  scarlet,  vat  red. 

H2S  is  evolved  : — 
Sulphide  dyestuff 

2l  Thiogene  rubine,  &c. 

The  colour  is  not 
stripped.  Cr  in 
ash : — Mordant 
Azo  dyestuff 

Chrome  red,  brilliant  chrome  red,  chrome 
bordeaux,  &c. 

The  colour  is 
stripped : — In- 
soluble Azo  colour 

. 

Paranitraniline  red,  alphanaphthylamine 
ft  bordeaux,  chloranisidine  pink,  nitroanisidine 
pink,  scarlet  and  reds  from  naphthol  AO. 
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Cr  or  Cu  present 

— Azo  Salt  dye- 
stuff after- 
treated 


Diamine  fast  red  F,  &c. 


No  Cr  or  Cu 
present :— Azo 

Salt  dyestuff 


Benzopurpurine,  diamine  scarlets,  diamine 
reds,  benzo  fast  scarlets,  diazo  brilliant 
scarlet,  rosanthrenes,  Zambesi  red,  erica, 
diamine  rose,  geranine,  rosophenine,  &c. 
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Wool  decolourised. 
Colour  not  restored 
by  air  or  by  persul- 
phate : — Azo  class 

'p  Janus  red. 

Wool  decolourised. 

Colour  does  not  re- 
turn on  exposure  to 
air,  but  is  restored 
by  persulphate  :— 
Triphenyl- 
methane  class 

Magenta,  fuchsine,  new  fuchsine,  isorubine, 
cerise,  grenadine,  &c. 

Wool  decolo raised. 
Colour  returns  on 
exposure  to  air  : — 
Azine  class 

Safranines,  rhoduline  reds  and  pink,  azine 
scarlet,  induline  scarlet,  neutral  red,  &c. 

Wool  not 
decolourised : — ■ 
Pypone  class 

Rhodamines,  rhodines,  irisamine,  anisoline, 
rosazein,  rhoduline  pink,  acridine  reds,  &c. 

Decolourised. 
Colour  not  restored 
by  air  or  persul- 
phate : — Azo  class 

^ Crocein  scarlets,  brilliant  croceines.  Palatine 
scarlet,  fast  reds,  &c. 

Not 

decoloruised : — 
Pypone  class 

r-i  Eosines,  phloxine,  erythrosine,  rose  bengal,  &c. 

RECOGNITION  OP  DYES  ON  VEGETABLE  FIBRES. 

TABLE  X.— PURPLE  AND  VIOLET  COLOURS.' 
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No  H2S  is 
evolved : — ■ 

Anthracene 
Vat  dyestuff 

g Indanthrene  violet  or  violanthrene. 

H2S  is  evolved  : 

— Sulphide 

2 Thiogene  dark  red,  &c. 

dyestuff 

- I -gto 


_ d’dto 

S“oS: 


The  colour  on 
reduction  is 
browner  or 
darker 


oo 


Alizarin  cyanine  3R,  alizarin  bordeaux. 


The  colour  on 
reduction  is 
unchanged 


Gallein,  alizarin  violet,  alizarin  claret, 
alizarin  cyclamine,  alizarin  red  on  Cr  mordant. 
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Cr  is  absent. 

Coloured 
vapours  on 

-Indi- 


■|  g heating 
t>  S gold  dyestuff 
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Ciba  violet,  ciba  heliotrope,  thioindigo  violet, 
helindone  violet. 
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Cr  is  present. 
No  coloured 
vapours  on 
heating : — Mor- 
dant Oxazine 
dyestuff  (not 
falling  in  group  7) 


lO 


Gallocyanine,  modern  violet,  ultra  violet, 
coreine,  &.c. 
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H2S  is  evolved  : — 
Sulphide  dyestuff 

The  colour  is 
not  stripped. 
Cr  present  in 
ash : — Mor- 
dant Azo 
dyestuff 


Thiogene  violet,  katigene  violet,  hydrone 
violet,  &c. 
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2 Chrome  bordeaux,  chrome  prune,  &c. 


The  colour 
is  stripped. 
Insoluble 
Azo  colour 
Colour  destroyed, 
giving  yellow  solu- 
tion. Fe  present 
in  ash: — Alizarin 
red  on  Fe  mor- 
dant 


Ol 


Benzidine  puce. 


Alizarin  purple. 
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Cr  or  Cu  j 
present : — Azo  1 
Salt  dyestuff  j 
after-treated! 


The  undermentioned  (col.  9)  coppered  or 
chromed. 


No  Cr  or  Cu 
present : — 
Azo  Salt 
dyestuff 
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Violets  of  the  diamine,  benzo,  Congo,  Hessian, 
Columbia,  chlorazol,  chlorantine,  dianil, 
oxamine,  and  rosanthrene  series. 
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Decolourised 
only  slowly.  Col- 
our does  not  re- 
turn in  air,  but  is 
restored  by  per- 
sulphate : — Tri- 
phenylmethane 
class 


00  Chrome  violet. 


Decolourised. 
Colour  returns 
on  exposure  to 
air : — Oxazine 
class 


Gallocyanine,  modern  violet,  ultra  violet, 
coreine,  prune,  &c. 
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Decolourised.  Colour 
is  not  restored  by 
air  or  persul- 
phate : — Azo 
class 

CO  Janus  claret  red,  &c. 

Decolourised.  Colour 
does  not  return  in 
air,  but  is  restored 
by  persulphate : — 

Triphenyl- 
methane  class 

^ Methyl  violets,  ethyl  violet,  benzyl  violet, 
crystal  violet,  &c. 

Decolourised.  Colour 
returns  on  exposure 
to  air  : — Azine 
(Oxazine  or 
Thiazine)  class 

^ Methylene  violet,  rhoduline  violet,  iris  violet, 
neutral  violet,  tannin  heliotrope,  &c. 

Not  decolourised : — 
Pyrone  class 

CO  Anisoline. 
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The  ammoniacal 
solution  is  violet 


31 


Acid  violets,  formyl  violets,  alkali  violet, 
guinea  violet,  &c. 


The  ammoniacal 
solution  is  colour- 
less, but  becomes 
blue  on 
acidifying 


Red  shades  of  soluble  and  alkali  blues. 
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Colour  unaffected  or  becomes  darker, 
browner,  &c.,  the  original  colour  being 
restored  on  exposure  to  air  : — Anthra- 
cene mordant  or  anthracene  vat 
dyestuff  (also  Ultramarine).  Boil 
with  90  p.c.  formic  acid 

The  colour  is  not 

much  affected. 

Test  ash  for  Cr 

Cr  absent : — 
Anthracene  vat 
dyestuff 

“ Indanthrene  blues,  algole  blues. 

Cr  present  in 
ash ; — Alizarin 
dyestuff  on  Cr 

Alizarin  blue,  alizarin  cyanines  or 
anthracene  blues  on  Cr  mordant. 

The  colour  is 
stripped.  A1  in 
ash.  Apply  lead 
acetate  test 

No  HgS  evolved: — 
Alizarin  dye- 
stuff on  A1 

CD  Alizarin  cyanines  or  anthracene  blues  on  A1 
mordant,  erganone  blues. 

HgS  is  evolved 

S Ultramarine. 

Colour  changed  to  greenish-yellow, 
which  can  be  diazotised  and  developed 
with  betanaphthol : — 

Primuline  azo  colour 

Primuline  developed  with  naphthylamine  ether. 

irised  or  yellowish, 
is  restored  on  ex- 
3 to  air  : — Azine, 
ine,  Thiazine,  or 
fo  class.  Apply 
id  acetate  test 

No  HgS  is 
evolved.  Heat 
fibre  carefully  in 
dry  test-tube 

No  coloured  vapour. 
Cr  in  ash  : — Mor- 
dant thiazine  or 
oxazine  (not  falling 
in  group  6) 

CO  Brilliant  alizarin  blue,  gallocyanine,  gallamine 
blue,  prune,  celestine  blue,  delphine  blue,  &c. 

Violet  vapours 
evolved : — Indigoid 
dyestuff 

Indigo  (natural  and  synthetic),  indigo  MLB 

2B,  4B,  5B,  6B,  and  T,  ciba  blue,  bromindigo 
FB. 
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H2S  is  evolved  : — ■ 
Sulphide  dyestuff 
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The  white  cotton  is  not 
stained.  Colour  is  stripped 
by  boiling  pjTidine  : — 
Insoluble  azo  colour 


Blues  of  the  immedial,  katigene,  thiogene, 
pyrogene,  sulphur,  &c.,  series,  hydrone  blues. 


Dianisidine  blue,  blue  from  naphthol  AC. 
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Cr  or  Cu  present : — 
Azo  salt  dyestuff 
after-treated 


G3 


The  undermentioned  (col.  8)  coppered  or 
chromed. 


No  Cr  or  Cu 
present : — Azo  salt 
dyestuff 
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Blues  of  the  diamine,  benzo,  Congo,  Columbia, 
chlorazol,  dianil,  oxamine,  Chicago,  &c.,  series. 
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Decolourised 

slowly.  Colour 
restored  only  by 
persulphate  : — 
Triphenyl- 
methane  class 


Chrome  blue. 


Decolourised. 
Colour  returns  on 
exposure  to  air ; — 
Oxazine  class 


CO 


Gallocyanine,  gallamine  blue,  celestine  blue, 
prune,  coreine,  ultracyanine,  modern  cyanine,  &c. 
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Decolourised.  Colour 
does  not  return  on  ex- 
posure to  air,  but  is 
restored  by  per- 
sulphate :— Triphenyl- 
methane  class 
Colour  changes  to  red 
just  before  being  de- 
colourised. Colour 
returns  violet  or  blue  : 
Safranine  azo 
dyestuff 


Victoria  blue,  night  blue,  turquoise  blue, 
setocyanine,  &c. 


H< 


Indoine  blue,  Janus  blue,  naphthindone  blue, 
diazine  blue,  &c. 


Decolourised.  Colour 
returns  on  exposure  to 
air  : — Azine,  Oxazine, 
or  Thiazine  class 
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Methylene  blue,  Nile  blue,  Capri  blue, 
indazine,  Basle  blue,  Meldola’s  blue,  fast  blue, 
cresyl  blue,  rhoduline  blue,  nitroso  blue,  &c. 
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The  extract  is  colourless  and 
remains  so  on  acidification. 
FeClg  gives  a blue  precipitate 


(X  Prussian  blue. 


The  extract  is  colourless,  but  becomes 
blue  on  acidification.  Transferred 
to  wool,  the  blue  is  decolourised  by 
hydrosulphite  A,  and  restored  by 
persulphate : — 
Triphenylmethane  class 


Alkali  blues,  soluble  blues,  chlorazol  brilliant 
blue,  isamine  blue,  betamine  blue,  brilliant 
dianil  blue,  brilliant  sky  blue. 
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Reduced  to  yelJo’w.  Restored  by  air 
oxidation : — Indigoid  dyestuff 


g Ciba  green,  helindone  green. 
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Reduced  colour  is  blue. 
Green  shade  restored  by  air 

S Algole  green. 
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Reduced  colour  is  dark 
maroon.  Green  shade 
restored  by  air 

00  Indanthrene  green  or  viridanthrene,  leu  cole 
dark  green  B. 

0 

Reduced  colour  is  brownish- 

Indanthrene  olive  or  olivanthreme. 
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olive.  H2S  evolved  on  apply- 
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Colour  of  fibre  rather 
paler,  solution 
brownish-yellow 


CO 

tH 


Coeruleine,  anthracene  green. 


Colour  of  fibre  be 
comes  grey,  solution 
red.  M in  ash 


>o 


jAlizarin  green  S on  Ni-Mg  mordant. 


Colour  unaffected. 
Solution  colourless. 
Cr  in  ash 


2 Alizarin  green  S on  Cr  mordant. 


Reduced  colour  is  brownish- 
red.  Green  restored  by  per- 
sulphate, but  not  by  air. 
Boiling  HCl  (1  : 20)  gives 
bright  green  solution 


CO 


Alizarin  viridine,  brilliant  alizarin  viridine, 
alizarin  cyanine  green. 
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No  H2S  is  evolved  ; — 
Mordant  Oxazine  (or 
Thiazine) 


03 


Gallanilic  green,  indalizarine,  &c. 


HsS  is  evolved 

Sulphide  dyestuff 


Greens  of  the  immedial,  katigene,  thiogene, 
P3n’ogene,  cross -dye,  sulphur,  and  thionol 
series. 


The  colour  is  changed  to  greenish  yellow, 
not  restored  to  green  by  air,  which  can 
be  diazotised  and  developed  red  with 
betanaphthol : — Primuline  Azo  class 
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Primuline  developed  with  amidodiphenyl- 
amine. 
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Not  decolourised. 
Cr  is  present  in  the 
ash  : — Mordant 
Azo  dyestuff 


C5  Diamond  green,  &c. 


Colour  destroyed. 
Fe  is  present  in 
the  ash : — 
Nitroso  class 


(20 


Russian  green,  fast  green  0,  steam  green, 
Alsace  green,  gambines,  dioxine,  &c. 
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Cr  or  Cu  present : 

—Azo  Salt 
dyestuff  after- 
treated 


The  undermentioned  (col.  6)  coppered  or 
chromed. 


Cr  and  Cu 
absent : — 
Azo  Salt 
dyestuff 


CO 


Diamine  green,  benzo  green,  Columbia  green, 
chloramine  green,  &c. 
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Precipitated.  Cr  in  ash.  Fibre 
decolourised  by  hydrosulphite 
BX,  the  colour  not  returning 
in  air,  but  restored  by  per- 
sulphate ; — Triphenyl- 
methane  class 
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Decolourised.  Colour  does 
not  return  on  exposure 
to  air,  but  is  restored 
by  persulphate Tri- 
phenylmethane  class 

Colour  becomes  red  .iust 
before  beingdecolourised. 
Colour  returns  violet  or 
green  on  exposure  to 

air : — Safranine  Azo 
class 


Brilliant  green,  malachite  green,  methyl 
^ green,  Victoria  green,  setoglaucine,  new 
fast  green,  &c. 


eo 


Janus  green,  diazine  green,  &c. 


Decolourised.  Colour 
returns  on  exposure  to 
air  : — Azine,  Oxazine, 
or  Thiazine  class 

^The  FolourTsVtripped  : — Acid  dyestuff. 
The  colour  transferred  to  wool  is  decolourised 
by  hydrosulphite  A and  restored  by  per- 
sulphate : — Triphenylmethane  class 


31 


Fast  green  M,  methylene  green,  azine  green, 
Capri  green,  &o. 

Acid  greens,  guinea  green,  Neptune  green, 
naphthalene  green,  p^galma  green. 
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Cr  and  Cu  absent  :- 
Anthracene  vat 
dyestuff,  &c. 


»n 


Indanthrene  maroon,  algole  brown,  leucole 
browns,  cibanone  brown,  paramine  brown 
(p-phenylene  diamine  oxidised  on  fibre). 
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CO 


Alizarin  orange  on  Cr  mordant,  alizarin  red 
or  purpurin  on  Cr. 


Completely 

stripped 


(M  Anthragallol,  anthracene  brown,  alizarin 
” brown. 


H2S  is  evolved  : — 

Sulphide  dyestuff 


Immedial  cutch,  cross-dye  brown,  katigene 
browns,  pyrogene  browns,  thiogene  browns,  &c. 


Decolourised  and  original  colour 
restored  by  air  ; — Indigoid  class 

^ Helindone  brown  G,  ciba  brown, 

^ thioindigo  brown. 

The  shade  is  changed  to  greenish 
yellow,  which  can  he  diazotised 
and  developed  red  with  heta- 

naphthol : — Primuline  azo-coloup 

Primuline  developed  with  metaphenylene 
diamine,  terra-cotta,  &c. 
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The  colour  is  not  stripped : 
— Mineral  colour. 
Treat  with  sodium 
bisulphite  in  the  cold 

Not 

decolourised 

00  Iron  buff,  khaki  (oxides  of  Cr  and  Fe). 

Decolourised 

t>  Manganese  bronze. 

The  colour  is 
stripped : — In- 
soluble azo- 
colour. Test  ash 
for  Cu 

Cu 

present 

0 Paranitraniline  cutch  (para  red  coppered). 

Cu 

absent 

Para  brown  (chrysoidine  and  paranitraniline), 
benzidine  or  toludine  brown. 
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Cr  or  Cu 
present : — Azo 
salt  dyestuff 
after-treated 


H< 


The  undermentioned  (col.  3)  coppered  or 
chromed. 


Cr  and  Cu 
absent : — Azo 
salt  dyestuff 


The  colour  is  stripped,  giving  acid 
extract  which  is  precipitated  by  tannin 
solution  ; — Basie  dyestuff.  The 
dyestuff  transferred  to  wool  is 
permanently  decolourised  by  hydro- 
sulphite AX  : — Azo  class 


CO 


Browns  of  the  diamine,  benzo,  Congo, 
dianil,  chlorazol,  Columbia,  Hessian,  examine, 
and  toluylene  series. 


^ Bismarck  brown,  Janus  brown,  tannin 
brown,  &c. 


The  coloiu-  is  stripped  : — Acid  dyestuff. 
Transferred  to  wool  it  is  permanently 
decolourised  by  hydrosulphite  AX  : — 
Azo  class 


Fast  brown,  naphthylamine  brown,  acid 
brown,  &c. 
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Or  absent : — 
Anthpacene 
vat  dyestuff 
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rH 


Indanthrene  grey,  indanthrene  black, 
cibanone  black,  helindone  black. 


[ Cr  present : — 

Anthracene 

mordant 

dyestuff 


Alizarin  cyanine  black,  alizarin  blue 
black  B. 


The  reduced  colour  is  brown. 
Only  slowly  and  imperfectly 
restored  to  black  by  air,  but 
at  once  by  persulphate.  Cr 
present  in  ash  : — Naptha- 
lene  mordant  dyestuff 


CO 


Naplithazarine  S,  alizarin  black  S,  alizarin 
blue  black  SW,  naphthomelane. 
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NoHgSis  evolved. 
Fibre  becomes 
reddish-brown 
on  boiling  with 
bleaching  powder 
solution  5°  Tw.: — 
An  oxidation 
black 


(M 


Aged-aniline  black,  Prussiate  black, 
one -bath  aniline  black,  steam  aniline  black, 
diphenyl  black. 


H2S  is  evolved. 
Fibre  becomes 
colourless  or  pale 
buff  on  boiling 
with  bleaching 
powder  solution 
5°  Tw.  -.-—Sul- 
phide dyestuff 


Blacks  of  the  irnmedial,  katigene,  cross -dye, 
pyrogene,  thiogene,  thionol,  pyrol, 
sulphur,  &c.,  series. 


Decolourised  and  colour  re- 
stored by  air.  Gives  violet 
vapours  on  heating  in  dry 
tube  : — Indigoid  dyestuff 
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Ciba  grey  G and  B. 
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The  white  cotton  is 
not  stained.  Colour 
is  stripped  by  boil- 
ing pyridine : — 
Insoluble  azo 
colour 

Azophor  black,  &c. 

The  white  cotton  is 
stained.  Test  ash 
for  Cr  and  Cu 

Cr  or  Cu 
present : — 
Azo  salt 
dyestuff 
after- 
treated 

The  undermentioned  (col.  7)  coj)pered  or 
chromed. 

Cr  and  Cu 
absent ; — 
Azo  salt 
dyestuff. 

Blacks  of  the  diamine,  oxydiamine,  benzo, 
Columbia,  dianil,  Pluto,  &c.,  series.  Also 
diaminogen,  diazo  blacks,  &c.  (developed 
or  coupled). 

Colour  becomes  red 
just  before  being  de- 
colourised. Violet 
or  violet-blue  colour 
returns  in  air  : — 
Safpanine  azo 
class. 

ft  Janus  black,  Janus  grey,  diazine  grey. 

Decolourised. 
Colour  returns  on 
exposure  to  air  : — 
Azine,  Oxazine, 
or  Thiazine 
class. 

Methylene  grey,  new  methylene  grey,  new 
fast  grey,  nigrisine,  &c. 

I 


Solution  red.  Cr  in  ash 


ft 


Logwood  black  on  chrome  mordant, 
noir  reduit, 


Solution  orange.  Fe  in  a.sh 


CO  Logwood  black  on  iron  mordant. 


Fibre  and  solution  colourless 


(M  Tannate  of  iron. 


The  colour  is  stripped  : — Acid  dyestuff. 
The  dyestuff  transferred  to  wool  and  boiled 
with  hydrosulphite  AX  is  permanently 
decolourised  : — Azo  class. 


Naphthol  blacks,  naphthylamine  blacks. 
Palatine  black,  &c. 

2 n 
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edition  of  Vogel’s  ‘ Practische  Spectralanalyse 
irdischer  Stoffe  ’ (1889),  charts  were  given  of  the 
absorption  bands  of  various  dyestuff  solutions. 
This  work  was  greatly  extended  in  ‘ Formanek  s 
Spectralanalytischer  Nachweis  Kiinstlicher 
organischen  Farbstoffe  ’ (1900),  which  contains 
a systematic  scheme  for  the  spectroscopic  iden- 
tification of  upward  of  350  distinct  dyestuffs. 
In  a later  publication  (1905)  entitled  ‘ Qualitative 
Spectralanalyse  anorganischen  und  organischen 
Korper,’  Formanek  has  extended  his  data  to 
include  the  natural  colouring  matters,  and,  in 
conjunction  with  E.  Grandmougin,  has  re- 
published his  tables  as  ‘ Untersuchung  und 
Nachweis  organischen  Farbstoffe  auf  spectro- 
scopischen  Wege.’ 

The  value  of  spectroscopic  tests  lor  the 
identification  of  dyestuffs  on  the  fibre  is  limited 
to  those  dyestuffs  which  can  be  removed  without 
change  by  suitable  solvents. 

Spectroscopic  examination  of  dyed  fibres  has 
not  yielded  useful  results.  W.  M.  G. 

Note. — Green’s  scheme  of  identification  of 
dyes  and  the  annexed  Tables  are  printed  by 
permission  of  Prof.  A.  G.  Green  and  Messrs. 

Chas.  Griffin  & Co.,  Ltd. 

DYER’S  BROOM.  Genista  tinctona  (Linn.) 
{Dyer's  broom,  Dyer's  greenweed;  Genet,  Gene- 
strole,  Trentanel,  Fr.  ; Ginster,  Ger.)  is  found  in 
the  pastures,  thickets,  and  waste  places  through- 
out Central  and  Southern  Europe,  across  Russian 
Asia  to  the  Baikal,  and  northward  to  Southern 
Sweden.  It  is  frequent  in  the  greater  part  of 
England,  but  rare  in  Ireland  and  Scotland. 
The  fact  that  it  contains  a yellow  colouring 
matter  is  recorded  by  numerous  writers,  and 
the  following  embody  the  principal  references  to 
the  dyeing  and  general  properties  of  the  plant  : 
Bancroft  (Philosophy  of  Permanent  Colours, 
1813,  2,  108)  ; Gmelin  (Handbook  of  Chemistry, 
16,  517)  ; Berthollet  (On  Dyeing,  1824,  2,  242)  ; 
Gonfreville  (L’Art  de  la  Teinture  des  Laines, 
501)  ; Leuchs  (Farben  u.  Farbekunde,  1846,  2, 
309),  and  Schiitzenberger  (Traite  des  Matieres 
Colorantes,  1867,  4,  422). 

To  isolate  the  colouring  matters,  a hot 
aqueous  extract  of  the  plant  is  treated  with  lead 
acetate  solution,  and  the  pale  yellow  viscous 
precipitate  is  collected  and  decomposed  by 
means  of  boiling  dilute  sulphuric  acid.  The 
clear  liquid  decanted  from  the  lead  sulphate 
deposits  on  cooling  a dull  yellow  powder ; this 
is  filtered  off,  dissolved  in  a little  alcohol,  and 
the  solution  poured  into  a large  volume  of 
ether,  causing  the  separation  of  a dark-coloured 
resinous  impurity.  The  clear  liquid  is  evapor- 
ated, yielding  a yellow  crystalline  residue, 
which  consists  of  two  substances.  To  separate 
these,  advantage  is  taken  of  the  fact  that,  with 
sulphuric  acid  in  the  presence  of  acetic  acid, 
one  only  of  these  compounds  gives  an  insoluble 
sulphate.  This  is  collected  and  decomposed 
with  water  and  the  product  crystallised  from 
dilute  alcohol.  It  is  obtained  as  yellow  needles, 
and  was  found  to  be  identical  with  the  luteolin 
of  weld  {Reseda  luteola)  (Perkin  and  Newbury, 
Chem.  Soc.  Trans.  1899,  75,  830). 

Genistein  C14H10O6,  the  second  colouring 
matter  of  dyer’s  broom,  is  present  in  the  mother 
liquors  obtained  during  the  purification  of  the 
luteolin,  and  also  in  considerable  quantity  in  the 
filtrate  from  the  lead  precipitate,  from  which 


it  is  most  readily  isolated.  To  the  boiling 
liquid  ammonia  is  added,  causing  the  separation 
of  a lemon-yellow  precipitate,  which  is  collected 
and  decomposed  with  boiling  dilute  sulphuric 
acid.  The  clear  liquid  is  extracted  with  ether, 
and  the  extract  evaporated,  leaving  a brownish 
crystalline  mass.  It  is  purified  by  crystalhsation 
from  acetic  acid,  and  by  conversion  into  the 
acetyl  derivative. 

Genistein  crystallises  in  long  colourless 
needles  ; m.p.  291°-293°  (Perkin  and  Horsfall, 
Chem.  Soc.  Trans.  1900,  77,  1312) ; soluble  in 
alkalis  with  a pale  yellow  colouration.  Alcoholic 
ferric  chloride  gives  a dull-red  violet  colouration, 
and  alcoholic  basic  lead  acetate  a lemon-yellow 
precipitate. 

Triacetylgenistein  C^4H705(C2Ho0)3,  colour- 
less needles,  m.p.  197°-201° ; and  tetrabrom- 
genistein  C44HgBr405,  colourless  needles,  m.p. 
above  290°,  have  been  described. 

On  digestion  with  boiling  50  p.c.  potassium 
hydroxide,  genistein  gives  ‘pJiloroglucinol  and 
ip-hydroxyphenylacetic  acid.  . . , . 

By  methylation  with  methyl  iodide  in  the 
usual  manner,  genistein  dimethyl  ether  and 
methylgenistein  dimethyl  ether  are  produced. 

Genistein  dimethyl  ether  Ci4H803(0CH3)2 
forms  colourless  leaflets,  melts  at  137  —139  , and 
gives  the  monacetyl  compound 

C44H703(C2H30)(OOH3)2 

minute  colourless  needles,  m.p.  202°-204°. 
When  decomposed  with  alcoholic  potash,  it 
forms  methoxyphenylacetic  add  and  pliloroglucinol- 
monomethyl  ether  (identified  by  means  of  its 
disazobenzene  derivative). 

Methylgenistein  dimethyl  ether 

CH3-C44H,03(0CH3)2 

melts  at  202°  ; and  the  acetyl  derivative 

CH3-C44He03(C2H30)(0CH3)2 

forms  colourless  needles,  m.p.  212°— 214  . With 
alcoholic  potash  it  gives  methoxyphenylacetic 
acid  and  probably  methylphloroglucinol-mono- 
methyl  ether. 

Genistein  diethyl  ether  C,4H,03(0C,H,J, 
forms  colourless  ijeedles,  m.p.  132°- 134°  ; 
whereas  acetylgenistein  diethyl  ether 

melts  at  168°- 170°.  Alcoholic  potash  gives 
n-ethoxyphenylacetic  acid. 

According  to  Perkin  and  Horsfall,  genistein 
may  be  a trihydroxyphenylketocumaran — 

oHr  Y ^chY’Yoh 
\/  \co/  ~ 

OH 

Genistein  is  a feeble  colouring  matter,  and 
upon  woollen  cloth  gives,  with  chromium 
mordant,  a pale  greenish-yellow  ; with  alumin- 
ium mordant,  a very  pale  yellow ; and  with 
iron  mordant,  a chocolate-brown  shade. 

Dyeing  Properties  of  Dyer's  Broom. — In  this 
respect  there  is  a close  resemblance  between 
dyer’s  broom  and  weld.  The  dyeing  power  of 
the  former  is  distinctly  the  weaker  of  the 
two ; otherwise  the  only  point  of  difference 
worthy  of  mention  is  that  shown  by  the  iron 
mordant,  which,  in  the  case  of  dyer’s  broom, 
gives  a duller  and  more  drab-coloured  shade. 
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Luteolin  is  also  present  in  the  Digitalis  purpurea 
(digito-flavone)  (Fleischer  and  Eromm,  Ber. 
1899,  32,  1184;  v.  Kostanecki  and  Diller,  ibid. 
1901,  34,  3577),  and  in  the  flowers  of  Antirrhinum 
mayus  (Wheldale  and  Bassett,  Bio-Chem.  J.  l.c.). 

A.  G.  P. 

DYMAL.  Trade  name  for  ‘ didymiiim  ’ 
salicylate  [Nd  Pr]-[C6H4(0H)-C0.2]T  A reddish- 
white  substance,  used  as  a dusting  powder, 
having  non-irritant  and  antiseptic  properties. 

DYNAMAGNITE,  DYNAMITE  Explosives. 

DYSANALYTE.  A cubic  or  pseudo-cubic 
mineral  consisting  of  titano-columbate  of 
calcium  with  some  ferrous  oxide,  cerium  earths 
(up  to  5 p.c.),  and  sodium.  The  amount  of 
CbaOg  given  in  various  analyses  ranges  from 
nil  to  26  p.c.,  and  the  mineral  has  sometimes 
been  asserted  to  be  identical  with  perofskite 
(CaTiOg)  ; the  difficulties  presented  in  the 
analysis  of  this  mineral  are,  however,  implied 
by  its  name,  from  ^va-avdXvTos,  ‘ hard  to  undo.’ 
It  occurs  as  small  black  cubes  in  contact-meta- 
morphic  limestone  at  Sasbach  in  the  Kaiserstuhl 
Mountains,  Baden,  and  in  metamorphic  sand- 
stone at  Magnet  Cove,  Arkansas.  L.  J.  S. 

DYSCRASITE  (antimonial  silver).  Anti- 
monide  of  silver  AggSb  (Ag  84-3  p.c.)  to  AggSb 
(Ag  72 '9  p.c.),  occurring  as  silver- white  masses 
with  metallic  lustre,  but  often  with  a dull 
yellowish  or  black  tarnish.  The  material  is 
sectile  : H.  =3^-4.  Orthorhombic  crystals, 
twinned  to  simulate  hexagonal  forms,  are  rare 
and  not  distinctly  developed.  According  to 
T.  Liebisch  (1910),  two  compounds  are  repre- 
sented, namely,  cubic  AggSb,  with  sp.gr.  10*05, 
and  orthorhombic  AggSb,  with  sp.gr.  9 *63-9  *82. 
The  mineral  is  found  in  silver  mines  at  Wolfach 
in  Baden  (where  it  is  the  chief  ore),  Andreasberg 
in  the  Harz,  Allemont  in  France,  and  the 
Cobalt  district  in  Ontario.  L.  J.  S. 

DYSODILE,  A soft  laminated  carbonaceous 
substance  of  a yellowish-grey  or  green  colour 
burning  with  a luminous  flame,  and  a smell 
resembling  that  of  burning  caoutchouc.  Found 
in  Sicily  and  in  Bavaria  (Fricklinger,  Jahrb. 
Min.  1875,  760  ; also  Church,  Chem.  News,  34, 
155 ; Potonie,  Chem.  Zentr.  1907,  ii.  555). 

DYSPROSIUM.  Sym.  Dy.  At.  wt.  162*5 
(162*52  Kremers,  Hopkins,  and  Engle,  J.  Amer. 


Chem.  Soc.  1918,  40,  598)  (Urbain  and  Hemeni- 
troux,  Compt.  rend.  1906,  143,  598  ; Hinrichs, 
ibid.  1143).  From  erbia — one  of  the  fractions 
obtained  from  ytterbite — Cleve  separated  an 
earth  which  he  called  ‘ holmia  ’ ; and  from  this 
material  Lecoq  de  Boisbaudran  isolated  a 
simpler  constituent,  dysprosia,  characterised  by 
a well-marked  absorption  spectrum  showing 
bands  in  the  ultra-violet  as  well  as  in  the  visible 
region  of  the  spectrum  (Compt.  rend.  1886,  102, 
100).  This  oxide,  one  of  the  most  basic  con- 
stituents of  holmia,  was  concentrated  by  pie^ 
cipitations  with  potassium  sulphate  and  am- 
monia. Further  fractionation  of  the  nitrates 
and  double  nitrates  gave  a product  rich  in 
terbium  and  dysprosium  (Urbain,  Compt.  rend. 
1904,  139,  736  ; 1905,  141,  521).  The  latter  is 
separated  from  terbium  by  fractional  crystallisa- 
tion of  the  ethyl  sulphates,  terbium  and  yttrium 
being  concentrated  in  the  least  soluble  fraction, 
whilst  dysprosium  accumulates  in  the  middle 
fraction  (Urbain,  Ann.  Chim.  Phys.  1900,  [7] 
19,  184 ; Compt.  rend.  1906,  142,  785). 

Dysprosium  material  of  very  high  purity 
may  be  obtained  by  fractional  crystallisation  of 
the  rare-earth  bromates,  followed  by  fractional 
crystallisation  of  the  ethyl  sulphates  (Engle  and 
Balke). 

Dysprosium  is  separated  from  yttrium  by 
crystallisation  of  the  nitrate  with  the  addition 
of  bismuth  nitrate. 

Dysprosium  forms  a white  oxide  Dy203,  but 
no  peroxide.  Its  salts  have  a faint  greenish- 
yellow  tint : chloride  DyCl3,6H20  ; nitrate 
Dy(N03)3,5H20,  melting  at  88°  in  its  water  of 
crystallisation,  very  similar  to  bismuth  nitrate 
(Urbain  and  Jantsch,  Compt.  rend.  1908,  146, 
127)  ; sulphate  Dy2(S04)3,8H20,  brilliant 
yellowish  crystals,  stable  at  110°,  and  com- 
pletely dehydrated  at  360°.  For  other  salts,  v. 
Jantsch  and  Ohl,  Ber.  1911,  44,  1274. 

Dysprosium  stands  first  in  the  list  of  para- 
magnetic elements,  its  oxide  DygOg  being  12*8 
times  more  magnetic  than  ferric  oxide.  The 
high  values  for  the  magnetic  susceptibility  of 
the  rare  earths  (yttria,  erbia,  &c.)  fractionated 
by  Cleve  and  Nilson  are  probably  due  to  the 
presence  of  dysprosium  (Urbain,  Compt.  rend. 
1908,  146,  922).  G.  T.  M. 


EARTHNUT  OIL  v.  Arachis  oil. 

EAU  DE  COLOGNE  v.  Pbreumes. 

EAU  DE  JAVELLE.  Solution  of  sodium 
hypochlorite  {v.  Bleach  liquor,  art.  Chlorine). 

EAU  DE  LUCE.  Aqua  lucim.  A milky 
liquid  containing  oil  of  amber,  alcohol,  and  am- 
monia {v.  Amber,  Oil  oe). 

EBONITE.  Sulphurised  caoutchouc  (v. 
Rubber). 

EBULLIOSCOPE.  An  instrument  for  deter- 
mining the  strength  of  spirits  of  wine  by  means 
of  its  boiling-point. 

ECBOLINE  V.  Ergot. 

ECCAINE.  N-benzoylhydroxypropylnovec- 


gonidene  ester.  A compound  allied  to  cocaine 
and  of  the  structure 


CH2*CH— CH*C02Et 

I I 

NH  CH 

I !1 

CH2*CH— CH 


A crystalline  base,  more  active  than  cocaine  in 
its  amusthetic  properties,  is  non-toxic  and  can  be 
readily  sterilised  (Braun  and  Muller,  Ber.  1918, 
235 ; Chem.  Werke  Grenzbach,  D.  R.  P.  301 139). 

ECGONINE  V.  Cocaine  and  the  Coca  Alka- 
loids. 
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ECHITAMINE,  ECHITENINE. 


ECHITAMINE,  ECHITENINE  Dita  Bark. 

ECHUJIIN  Digitalis. 

E.  C.  POWDER  V.  Explosives. 

EDESTIN.  A crystalline  proteid  substance 
found  in  the  seeds  of  hemp,  sunflower,  and 
castor-bean,  capable  of  uniting  with  acids  to 
form  salts  (Osborne,  J.  Amer.  Chem.  Soc.  24,  39). 

EDIBLE  OILS  AND  FATS.  Under  this  term 
are  comprised  those  oils  and  fats  which  serve 
as  food.  Most  of  the  edible  oils  and  fats,  such 
as  olive  oil,  cod  liver  oil,  suet,  lard,  butter-fat, 
cacao  butter,  goose  fat,  &c.,  are  immediately  fit 
for  consumption,  if  ‘ rendered  ’ with  sufficient 
care.  Hence  they  rarely  need  undergo  a 
process  of  technical  purification,  except  simple 
filtration,  before  they  are  placed  on  the  market. 
This  applies,  however,  only  to  the  freshly 
(‘  first  ’)  rendered  products,  as  contact  with 
putrescible  organic  matter  rapidly  causes 
hydrolysis  of  the  oils  and  fats,  so  that,  e.g.,  lard 
or  olive  oil- which  has  been  allowed  to  remain  in 
contact  for  some  little  time  with  the  organic 
tissues  from  which  they  have  been  derived, 
readily  become  rancid,  and  therefore  unfit  for 
food  in  their  original  state.  This  applies  with 
especial  force  to  cod  liver  oil. 

The  large  demand  made  on  the  market  by 
the  rapidly  growing  consumption  of  oils  and 
fats  has,  however,  led  to  the  employment  of 
second  and  even  third  ‘ renderings,’  in  the  case 
of  animal  fats,  and  second  or  third  ‘ expres- 
sions ’ in  the  case  of  vegetable  oils  and  fats. 
Such  products  contain,  as  a rule,  notable 
amounts  of  free  fatty  acids,  and  small  quantities 
of  extractive  substances,  all  of  which  must  be 
removed  before  the  oils  and  fats  become  suitable 
for  food  purposes.  The  processes  applied  to 
the  purification  and  decolourisation  are  treated 
as  deep  secrets.  It  may,  however,  be  stated 
that  most  of  the  processes  are  based  on  physical 
methods  of  refining  {see  Oils  and  fats). 

Chemicals  involving  the  use  of  mineral  acids 
must  be  altogether  excluded  from  the  purview 
of  the  refiner,  since  the  mineral  acids,  however 
carefully  they  may  be  removed  by  subsequent 
washing,  impart  an  objectionable  flavour  to  the 
products,  thus  rendering  them  useless  for 
edible  purposes.  Alkalis  or  alkaline  earths  are 
not  so  objectionable,  and  are,  therefore,  used 
commercially  for  the  removal  of  free  fatty  acids. 
(A  notable  example  of  tliis  kind  is  furnished  by 
the  usual  method  of  refining  cotton-seed  oil.) 
The  alkalis  and  alkaline  salts  chiefly  employed 
in  practice  are  caustic  soda,  sodium  carbonate, 
sodium  silicate,  lime,  and  f magnesia.  Baryta 
has  also  been  proposed  (and  patented),  but  its 
poisonous  properties  would  prohibit  its  use. 

Whereas  all  animal  oils  and  fats,  when 
freshly  prepared,  are  suitable  for  food,  this  holds 
good  only  in  a somewhat  restricted  sense  of 
vegetable  oils  and  fats.  If  the  vegetable  oils 
and  fats  are  free  from  objectionable  substances 
they  may  hold  in  solution  or  may  have  dissolved 
from  the  vegetable  matter  from  which  they  have 
been  obtained  by  expression  or  boiling  out, 
they  are  suitable  for  edible  purposes,  and  are 
so  used  to  a very  considerable  extent. 

We  know,  however,  a number  of  oils  which 
contain  non-fatty  toxic  or  injurious  substances, 
such  as  tung  oil,  calophyllum  oil,  curcas  oil, 
croton  oil.  In  the  case  of  castor  oil,  the  fatty 
acids  themselves  are  injurious  to  health  ; hence 


castor  oil  is  unusable  as  a foodstuff.  Experience 
has  also  shown  that  the  fats  belonging  to  the 
Chaulmoogra  group  are  injurious  to  health, 
All  these  oils  must,  therefore,  be  excluded  from 
the  list  of  edible  oils. 

Oils  which  are  regarded  as  palatable  in  one 
part  of  the  world  are  not  used  as  food  in  other 
parts.  Thus,  whereas  rape  oil  and  linseed  oil 
find  a ready  market  for  edible  purposes  in  India, 
these  oils  are  at  present  used  in  exceptional 
cases  only  as  table  oils  in  Western  Europe. 
They  are  replaced  in  richer  countries  by  cotton- 
seed oil,  sesame  oil,  arachis  oil,  poppy-seed  oil, 
and  olive  oil.  The  increased  consumption  of 
the  available  edible  oils  and  fats  has  created, 
during  the  last  decades,  a new  and  growing 
industry. 

Amongsr  the  most  important  developments 
in  this  industry  is  the  preparation  of  coco-nut 
oil  and  palm-kernel  oils  for  edible  purposes 
{see  Coco-nut  oil  and  Palm-kernel  oil). 
Mixtures  ot  several  edible  oils  are  now  largely 
prepared  as  ‘ table  oils  ’ to  replace  olive  oil. 
Amongst  these  substitutes  the  most  important 
are  : arachis  oil,  sesame  oil,  cotton-seed  oil, 
and  to  some  extent  also  soya-bean  oil.  Mixtures 
of  edible  vegetable  and  animal  oils  and  fats  are 
chiefly  represented  by  the  ‘ suet  substitutes,’ 
which  are  prepared  by  mixing  tallow  with  cotton- 
seed oil,  and  by  ‘ lard  substitutes,’  which 
represent  a mixture  of  animal  fats  with  cotton- 
seed oil,  maize  oil,  &c.  Until  a few  years  ago, 

‘ compound  lard  ’ contained  frequently  no  lard 
whatever,  but,  according  to  legislation  in  the 
United  States,  ‘ lard  compounds  ’ or  ‘ lard 
substitutes  ’ must  now  contain  at  least  50  p.c. 
of  lard  {see  Lard  substitutes). 

Another  development  of  the  industry  has 
been  the  introduction  of  hardened  or  hydro- 
genated oils,  which  are  now  extensively  used 
as  constituents  of  margarine  {see  Hydro- 
genated oils). 

The  manufacture  and  sale  of  edible  oils  and 
fats  has  assumed  such  considerable  importance 
that  legislation  has  stepped  in  to  protect  the 
public  against  fraudulent  practices  both  as 
regards  the  commercial  description  of  a ‘blended’ 
fat  and  the  absence  of  injurious  substances 
{see  Margarine). 

The  changes  in  the  character  of  fats  during 
cooking  have  been  described  by  Masters  and 
Smith  (Analyst,  1914,  39,  347).  J.  L. 

EDINOL.  Trade  name  for  p-amino-saligenin 
hydrochloride.  Used  as  a photographic  de- 
veloper. 

EDULCORATION.  The  act  of  washing  in- 
soluble  matter  so  as  to  remove  any  soluble 
impurity. 

EFFLORESCENCE.  This  term  is  applied  to 
two  or  three  different  phenomena,  characterised 
by  the  formation  of  a loose  pulverulent  deposit 
on  the  surface  of  a solid  body. 

1.  Crystallised  salts  are  said  to  effioresce 
when  they  lose  their  water  of  crystallisation  and 
fall  to  powder,  e.g.  normal  sodium  earbonate, 

2.  The  formation  of  a pulverulent  crystalline 
deposit  on  the  surface  of  a porous  body,  in  con- 
sequence of  the  crystallisation  of  a salt  existing 
in  solution  within  its  pores,  or  formed  from 
materials  existing  therein,  is  also  called  efflo- 
rescence ; e.g.  the  crystallisation  of  potassium 
nitrate  on  the  surface  of  the  earth  or  in  caves,  as 
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in  India,  or  on  saltpetre  plantations  ; of  sodium 
sulphate  and  carbonate  on  walls  ; of  alum  on 
alum-slate  ; of  ferrous  sulphate  on  iron  pyrites, 
&c.  In  all  these  cases  the  solution  of  the  salt 
is  drawn  by  capillary  action  to-  the  surface  of  the 
solid  body,  and  there  crystallises  in  consequence 
of  the  evaporation  of  the  water. 

3.  The  term  ‘ efflorescence  ’ is  likewise  applied 
to  the  effect  which  sometimes  takes  place  when 
a saline  solution  is  left  to  evaporate  slowly  in  an 
open  vessel.  The  solid  salt  separates  in  den- 
dritic crystals  just  where  the  surface  of  the  liquid 
touches  the  side  of  the  vessel,  and  the  solution, 
rising  by  capillarity  between  these  crystals,  forms 
a fresh  crystallisation  just  above  the  first  layer  ; 
and  this  process  is  continually  repeated  till  the 
crystallisation  thus  formed  extends  over  the 
edge  of  the  vessel,  and  sometimes  down  to  the 
table  on  which  it  stands.  Sal-ammoniac  and 
other  ammonia  salts  often  effloresce  in  this 
manner.  The  effect  may  be  prevented  to  a 
certain  extent  by  greasing  the  edge  of  the  vessel, 
or  better,  by  quickly  boiling  the  solution,  or 
evaporating  it  by  heat  from  above. 

EGG.  The  egg  of  the  common  fowl,  Gallus 
Bankiva,  consists  of  four  principal  parts  : the 
shell ; the  white  ; the  yolk  or  vitellum  ; the  white 
yolk  or  germinal  cell ; and  the  membranes 
separating  these  parts.  The  usual  weight  of 
an  egg  is  40-60  grams  ; of  this  the  shell  and 
shell  membrane  form  5-8  grams ; the  yolk, 
12-18  grams  ; and  the  white,  23-34  grams. 

The  shell  has  the  composition  : 


The  protein  substances  of  egg  white  are  all 
gluco-proteids,  and  in  their  solution  and  pre- 
cipitation properties  are  similar  to  globulins, 
albumins,  or  proteoses  (v.  art.  PnoTEms). 

Ovoglohulin  separates  from  egg  white  partly 
on  dilution  with  water,  and  completely  if  the 
solution  be  saturated  with  magnesium  sulphate 
or  ammonium  sulphate.  By  repeated  solution 
in  water  and  reprecipitation,  part  becomes 
insoluble  (Langstein,  Hofmeister’s  Beitrage,  1), 
and  it  is  probably  a mixture  of  several  globulins 
(Corin  and  Berard,  Bull.  Acad.  Belg.  [3]  15, 
643).  The  globulins  form  about  6’7  p.c.  of  the 
total  proteids  of  egg  white  (Dillner,  Hammar- 
stein’s  Text-book  Physiol.  Chem.  430). 

Ovalbumin  is  the  chief  proteid  constituent  of 
egg-white.  It  is  obtained  crystalline  by  pre- 
cipitating the  globulins  with  ammonium  sul- 
phate, as  above,  and  allowing  the  filtrate  to 
evaporate.  (For  details  of  methods,  see  Hof- 
meister,  Zeitsch.  physiol.  Chem.  16,  187  ; Osborne 
and  Campbell,  J.  Amer.  Chem.  Soc.  1900,  22, 
422  ; Bosenkrantz,  J.  Russ.  Phys,  Chem.  Soc. 
1906,  38,  2 ; and  Mayer,  Compt.  rend.  1906, 
143,  515.) 

Pure  ovalbumin  crystallises  in  large,  well- 
formed  needles.  A 2*5  p.c.  solution  in  water 
becomes  turbid  at  60°,  and  at  64°  yields  a 
flocculent  coagulum.  The  addition  of  sodium 
chloride  to  the  solution  raises  the  temperature 
of  coagulation  (Osborne  and  Campbell,  l.c.  ; 
Starke,  Pfliiger’s  Archiv.  12,  18). 

The  composition  of  ovalbumin  is  : 


Calcium  carbonate  . . . 89‘6  p.c. 

Phosphates  of  lime  and  magnesia  5 *7  „ 

Organic  matter  and  sulphur  . 4*7  ,, 

The  colouring  matter  of  egg-shells  is  a bile 
pigment  (Liebermann,  Ber.  11,  606). 

The  shell  membrane  or  membrana  putaminis 
separating  the  white  from  the  shell  is  double, 
the  two  parts  being  in  contact  over  the  greater 
part  of  the  inner  surface  of  the  shell,  but 
separated  by  an  air-space  at  the  broad  end  of 
the  egg.  These  membranes  are  composed  of  a 
proteid  substance  allied  to  keratin  (Liebermann). 

Abderhalden  and  Strauss  have  examined  the 
products  of  hydrolysis  of  ovokeratin,  and  find 
them  to  be,  from  100  grams  of  substance : 
3*9  grams  glycine;  3*5  grams  alanine;  1*1 
gram  amino- valeric  acid;  7*4  grams  leucine; 
4*0  grams  proline ; 8*1  grams  glutamic  acid ; 
and  1*1  gram  aspartic  acid  (Zeitsch.  physiol. 
Chem.  1906,  48,  530). 

The  white  is  a faintly  yellow  albuminous 
fluid  enclosed  in  large  cells  of  thin  membrane. 
The  fluid  has  sp.gr.  1*045,  and  is  really  mobile, 
though  it  appears  viscous  because  of  its  confine- 
ment by  the  cell  walls.  It  has  an  alkaline 
reaction.  Kojo  (Zeitsch.  physiol.  Chem.  1911, 
75,  1)  gives  the  following  analysis  : 


Water  . 

Ash 

Organic  solids 
Total  nitrogen 
Dextrose 


87*71  p.c. 
0*4  „ 

11*89  „ 
1-75  „ 
0*55  „ 


The  organic  solids  consist  mainly  of  proteins, 
a small  amount  of  dextrose,  and  traces  of  fats, 
lecithin,  and  cholesterol.  Salkowski  showed 
that  glucosamine  was  also  present  (Biochem. 
Zeitsch.  1911,  32,  335). 


C H N S P O 

52*75  7*10  15*51  1*62  0*12  22*90  p.c. 

(Osborne  and  Campbell,  lx.  441  ; in  agreement 
with  Hopkins,  J.  Physiol.  25,  306  ; and  Ham- 
marsten,  Zeitsch.  physiol.  Chem.  9,  304). 

Many  attempts  have  been  made  to  assign  a 
formula  to  ovalbumin.  Latham  (Biochem.  J. 
1908,  3,  207  et  seq)  gives  it  a molecular  weight  of 
5473,  and  the  formula  C,^4oH397Ne5075S;j,  but 
this  must  be , regarded  as  an  approximation 
only. 

It  has  been  characterised  by  determining 
the  various  amino-acids  yielded  on  hydrolysis 
with  hydrochloric  acid  of  sp.gr.  1*19  (v.  art.  Peo- 
TEiisrs).  100  grams  ovalbumin  yield  : alanine, 
2*1  grams ; leucine,  20*0  grams  ; phenyl- 
alanine, 4*4  grams;  tyrosine,  1*1  gram; 
cystine,  0*3  gram  ; proline,  2*3  grams  ; aspartic 
acid,  1*5  grams  ; and  glutamic  acid,  8*0  grams 
(Abderhalden  and  Pregl,  Zeitsch.  physiol.  Chem. 
1905,  46,  24 ; Osborne,  Jones,  and  Leaven- 
worth, Amer.  J.  Physiol.  1909,  24,  252  ; Levene 
and  Beatty,  Biochem.  Zeitsch.  1907,  4,  305). 

The  specific  rotation  of  pure  albumin  is 
given  as  —31°  (Willcock,  J.  Physiol.  1908,  37, 
27),  —30*70°  (Hopkins,  ibid.  25,  306),  and 
—29*31°  (Osborne  and  Campbell,  l.c.). 

The  precipitation  of  albumin  by  acids  and 
salts  is  a completely  reversible  reaction  (Galeotti, 
Zeitsch.  physiol.  Chem.  1905,  44,  461),  and 
follows  the  law  of  mass  action  (Ostwald,  Chem. 
Soc.  Abstr.  1908,  i.  375 ; Gerrini,  Zeitsch. 
physiol.  Chem.  1906,  47,  287). 

Conalbuwin.  Only  about  one-half  of  the 
proteid  of  egg  white  can  be  obtained  as  crystal- 
lised ovalbumin ; the  other  fractions  have  a 
higher  rotation  and  sulphur  content.  By 
heating  these  fractions  at  65°,  conalbumin  is 
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obtained  as  a coagulum,  which,  when  dried  at 
110°,  has  the  following  composition  : — 

0 H N S O 

52-25  6-99  16-11  1-70  22-95  p.c. 

Its  specific  rotation  is  about  —36°  (Osborne 
and  Campbell,  l.c.  ; Panormoff,  Chem.  Zentr. 
1898,  11,  487). 

Ovomucoid  is  found  in  the  residue  after  all 
proteids  coagulated  by  heat  have  been  removed 
from  egg  white  (Neumeister,  Zeitsch.  Biol.  1890, 
27,  369  ; Morner,  Zeitsch.  physiol.  Chem.  1893, 
18,  525).  It  forms  about  10  p.c.  of  the  proteids 
of  egg  white.  It  is  not  precipitated  from  solu- 
tion by  mineral  acids  or  organic  acids  (except 
phosphotungstic  and  tannic  acids)  or  by  metallic 
salts. 

The  inorganic  constituents  of  egg-white  in 
1000  parts  are  : Potash,  276-285  parts  ; soda, 
235-239  parts  ; lime,  18-29  parts  ; magnesia, 
16-32  parts  ; iron  oxide,  4 -4-5 -5  parts  ; chlorine, 
238-205  parts  ; phosphoric  acid,  32-48  parts  ; 
sulphuric  acid,  13-26  parts  ; silica,  3-20  parts  ; 
carbon  dioxide,  97-116  parts  (Poleck  and 
Weber,  Hammarsten’s  Physiol.  Chem.  1904, 
432).  Traces  of  fluorine  have  also  been  found 
(Nickles,  Compt.  rend.  43,  885). 

The  yolk  or  yellow  is  contained  within  a 
membrane  composed  of  a proteid  allied  to 
keratin  (Liebermann,  Pfluger’s  Archiv.  43).  It 
is  a viscous,  opaque,  yellow,  alkaline  emulsion 
having  a mild  taste,  and  consists  chiefly  of 
water,  fats,  and  colouring  matter,  together  with 
vitellin,  lecithin,  cholesterol,  &c.  Muller  and 
Masuyama  (Zeitsch.  f.  Biol.  1900,  39,  542)  have 
found  a diastatic  enzyme  in  the  yolk ; the 
presence  of  purine  bases  has  been  detected  by 
Mesernitzki  (Biochem.  Zentr.  1,  739) ; and  of 
creatinin  by  Salkowski  (Z.c.). 

1000  parts  of  the  yolk  contain  approxi- 
mately : water,  480  parts  ; fats,  228-4  parts  ; 
proteid  (vitellin),  156-3  parts  ; lecithin,  107-2 
parts  ; cholesterol,  17-5  parts  ; insoluble  salts, 
6-12  parts  ; soluble  salts,  3-53  parts. 

According  to  Poleck,  the  ash  of  yolk  of  eggs 
contains,  in  1000  parts  : soda,  51-2-65-7  parts  ; 
potash,  80-5-89-3  parts ; lime,  122-1-132-1 
parts;  magnesia,  20-7-21-1  parts;  iron  oxide, 
11-9-14-5  parts  ; phosphoric  acid,  638-1-667-0 
parts  ; silicic  acid,  5-5-14-0  parts. 

The  fat  forms  about  30  p.c.  of  the  yolk,  and 
may  be  extracted  with  ether.  It  is  a mixture 
of  solid  and  liquid  fat,  and  contains  0-6  p.c. 
phosphorus,  equivalent  to  15-04  p.c.  lecithin ; 
61-5  p.c.  of  neutral  fat ; and  23-2  p.c.  free  acids. 
The  neutral  fat  contains  glycerol  and  acid  in 
such  proportions  as  prove  it  to  consist  of 
triglycerides  only  (Thorpe,  Arch.  Neder.  Sci. 
Exact.  Nat.  1901,  6,  155).  On  saponification 
it  yields  40  p.c.  oleic  acid  ; 38-04  p.c.  palmitic 
acid ; and  15-21  p.c.  stearic  acid  (Paladino, 
Biochem.  Zeitsch.  1909,  17,  356). 

Barbieri,  by  extracting  yolks  with  carbon 
disulphide,  obtained  tristearin  and  triolein 
(Compt.  rend.  1907,  145,  133),  besides  choles- 
terol ; while  MacLean  has  isolated  pure  tripal- 
mitin  from  egg-fat  (Biochem.  J.  1909,  4,  168). 

Lecithin  {v.  Lecithin)  is  present  both  free 
and  in  combination  with  protein  (Manasse, 
Biochem.  Zeitsch.  1906,  1,  246).  Commercial 
lecithins  are  usually  prepared  from  eggs,  and 
show  a high  choline  content.  Trier  identified 


iS-aminoethyl  alcohol  in  egg'4 lecithin,  isolating 
it  as  its  gold  chloride  compound  (Zeitsch.  physiol. 
Chem.  76,  496).  Lecithin  is  best  prepared  from 
dried  egg  yolks  by  Bergell’s  method  (Ber.  1900, 
2584).  The  extract  prepared  by  boiling  with 
96  p.c.  alcohol  for  6 hours,  is  cooled  to  0°  and 
precipitated  with  an  alcoholic  solution  of 
cadmium  chloride.  The  precipitate  is  filtered 
off,  washed  with  96  p.c.  alcohol,  dried  in  air, 
and  extracted  with  ether.  The  residue  is 
boiled  with  eight  times  its  volume  of  80  p.c. 
alcohol,  and  a concentrated  solution  of  ammo- 
nium carbonate  is  added  until  the  solution  is 
free  from  cadmium.  The  filtered  solution  is 
cooled  to  —10°,  and  the  precipitate  is  dissolved 
in  chloroform,  precipitated  with  acetone,  and 
dried  in  vacuo  over  sulphuric  acid. 

After  hydrogenation  of  egg  lecithin,  Paal 
and  Ochme  isolated  stearic  and  palmitic  acids, 
and  suggest  that  linolic  and  palmitic  acids  are 
originally  present  (Ber.  1913,  1297). 

Barbieri  (Gazz.  chim.  ital.  1917,  [1]  1)  stands 
alone  among  a host  of  investigators  in  his 
failure  to  isolate  lecithin  from  egg  yolk.  He 
affirms  that  the  phosphorus  of  egg  yolk  is 
present  as  inorganic  phosphates,  that  the 
choline  exists  only  as  a degradation  product  of 
ovochromin,  and  that  glycerol  and  fatty  acids 
exist  as  constituents  of  fat,  and  not  combined 
as  lecithin. 

Cholesterol  is  present  in  the  yolk  to  the 
extent  of  about  1 p.c.  (Juckenack,  Zeitsch. 
Nahr.  Genussm.  1899,  1905 ; Benecke,  Bied. 
Zentr.  1881,  568).  According  to  Serano  and 
Palozzi  (Chem.  Zentr.  1911,  ii.  772),  it  occurs  as 
its  oleic  and  palmitic  esters. 

Lutein,  the  colouring  matter,  was  described 
by  Maly  (Chem.  Zentr.  1881,  485)  as  a mixture 
of  two  substances  ; vitello-lutein,  which  is 
yellow  and  soluble  in  petroleum  ; and  vitello- 
rubrin,  a red  body  soluble  in  carbon  disulphide. 
The  mixture  is  an  orange-red  amorphous  sub- 
stance, which  is  not  affected  by  alkalis,  and  can 
therefore  be  isolated  by  hydrolysing  the  fats. 
C.  A.  Schunk  (Proc.  Roy.  Soc.  1904,  170),  as 
the  result  of  spectroscopic  examination,  identi- 
fied the  yellow  pigment  of  the  hen’s  yolk  with 
the  L.  xanthophyll,  which  he  has  isolated  from 
grass.  The  characteristic  spectroscopic  be- 
haviour of  the  lutein  has  been  suggested  as  a 
test  of  the  purity  of  commercial  dried  egg  yolk 
(Lewin,  Miethe,  and  Stenger,  Pfluger’s  Archiv. 
1908,  585).  Willstatter  and  Escher  (Zeitsch. 
physiol.  Chem.  76,  214)  isolated  the  pigment  from 
the  yolks  of  6000  eggs,  and  obtained  it  in 
crystalline  form,  and  showed  it  belonged  to  the 
xanthophyll  group  of  pigments  ; they  showed 
also  that  a carotin-like  pigment  was  present. 
Palmer  (J.  Biol.  Chem.  23,  261)  showed  that  the 
pigments  of  egg  yolk  were  increased  by  feeding 
with  rations  rich  in  xanthophyll,  yellow  corn 
being  particularly  suitable  for  this  purpose  as  a 
winter  ration.  The  point  is  of  importance  to 
the  poultry  trade,  since  eggs  with  highly- coloured 
yolks  are  in  great  request. 

Vitellin,  the  protein  constituent  of  the  yolk, 
is  separated  by  mixing  the  yolks  with  brine,  in 
which  the  protein  is  soluble,  and  extracting  the 
fat,  &c.,  with  ether.  It  has  the  properties  of  a 
globulin,  and,  on  dialysis  or  dilution  of  the 
solution,  is  precipitated  as  a white  granular 
substance.  A solution  coagulates  at  70°-75°. 
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Vitellin  thus  obtained  is  a mixture  of  com- 
pounds of  protein  matter  with  lecithin,  contain- 
ing from  15-30  p.c,  of  the  latter,  called  lecithin- 
nucleoviteUins.  The  lecithin  thus  combined  is 
not  removed  by  ether,  but  is  completely  removed 
by  alcohol,  leaving  an  insoluble  proteid,  nucleo- 
vitellin,  of  constant  composition,  which,  on 
digesting  with  pepsin,  yields  paranuclein. 

It  is  probable  that  all  these  proteins  are 
compounds  of  vitellin  with  phosphoric  acid 
H3PO4,  or  some  very  simple  organo -phosphoric 
acid.  The  composition  of  vitellin,  free  from 
phosphoric  acid,  is  : 

C H N S O 

52-71  7-46  16-64  1-05  22-14  p.c. 

(Osborne  and  Campbell,  J.  Amer.  Chem.  Soc. 
1900,  22,  413). 

Plimmer  states  that  another  distinct  protein 
‘ livetin,’  can  be  obtained  from  the  yolk  (Chem. 
Soc.  Trans.  1908,  1500). 

Berthelot  and  Andre  determined  the  heat  of 
combustion  of  egg  yolk  to  be  8124  calories  per 
gram  (Compt.  rend.  110,  925). 

The  germinal  vesicle,  or  white  yolk,  forms  a 
layer  between  the  yolk  and  the  yolk  membrane, 
with  a process  extending  to  the  centre  of  the 
yolk.  It  is  enclosed  in  a membrane,  and  con- 
tains proteins,  lecithin,  and  a nuclein  rich  in 
phosphorus  (Meischer.  Chem.  Soc.  Trans.  1871, 
24,  746). 

The  space  between  the  shell  membranes  at 
the  broad  end  of  the  egg  contains  a mixture  of 
oxygen,  nitrogen,  and  carbon  dioxide,  richer 
in  oxygen  than  the  surrounding  air  (Hufner, 
Du  Bois  Beymond’s  Archiv.  de  Physiol.  1892, 
Phys.  Abth.  54). 

Eggs  contain,  on  the  average,  about  4-6 
mgms.  of  ferric  oxide.  This  amount  is  in- 
creased by  feeding  the  hens  with  foods  rich  in 
iron,  and  ‘ iron-eggs  ’ thus  obtained  have  been 
recommended  for  therapeutic  use,  but  are  very 
costly  (Hartung,  Zeitsch.  f.  Biol.  1902,  43,  195  ; 
Hofmann,  Zeitsch,  anal.  Chem.  1901,  40,  450). 

Bertrand  states  that  arsenic  is  normally 
present  in  the  egg  to  the  extent  of  mgm. 
(Compt.  rend.  1903,  136,  1083),  and  that  1 mgm. 
boron  occurs  in  1 kgm.  dried  egg  (Compt.  rend. 
1913,  156,  2027). 

Develo'pment. — During  incubation,  the  egg 
respires,  giving  off  carbon  dioxide  and  water,  and 
absorbing  oxygen.  If  this  process  be  stopped 
by  placing  the  egg  in  an  inert  gas,  or  by  rendering 
the  shell  impervious  to  gases,  the  development 
of  the  chick  ceases.  The  respiration  is  slight 
for  the  first  four  days  of  incubation,  and  then 
increases  until,  at  the  ninth  day,  the  respiration 
of  the  egg  is  equal  to  that  of  a fowl,  weight  for 
weight.  This  respiration  involves  combustion 
of  the  fat  of  the  egg,  and  a steady  loss  in  weight 
(Pott,  Landw.  Versuchs.  Stat.  23,  203  ; Chem. 
Soc.  Abstr.  1879,  474). 

Levene  states  that  the  quantity  of  xanthine 
bases  and  nuclein  compounds  increases  with  the 
growth  of  the  embryo  (Amer.  J.  Physiol.  1900, 
3,  xii.). 

In  egg-white  the  ratio  albumin : ovomucoid 
of  egg  is  constant  during  incubation  (By waters 
and  Boue,  J.  Physiol.  46,  Proc.  33).  After  3 
days  a-lactic  acid  was  found  (Anno,  Zeitsch. 
physiol.  Chem.  80,  237).  In  new-laid  eggs  the 
cholesterol  is  free,  but  gradual  esterification 
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takes  place,  until  at  the  time  of  hatching  40  p.c. 
is  in  ester  form  (J.  Biol.  Chem.  21,  23). 

All  the  phosphorus  in  the  chick  is  derived 
from  the  yolk  and  white,  and,  until  the  last  few 
days  of  incubation,  no  lime  is  taken  from  the 
shell  (Voit,  Zeitsch.  f.  Biol.  13,  518;  Pott,  7.C.). 
At  the  end  of  incubation,  the  shell  may  supply 
some  of  the  lime  required  (Carpiaux,  Bull.  Acad. 
Boy.  Belg.  1908,  283 ; see  also  Plimmer  and 
Scott,  J.  Physiol.  1909,  38,  247). 

The  freezing-point  of  fresh  eggs  is  0-427°- 
0-480°,  and  rises  slightly  as  incubation  proceeds, 
corresponding  to  a rise  of  osmotic  pressure  from 
5-5  atmospheres  to  7-3  atmospheres  (Atkins, 
Biochem.  J.  1909,  480). 

The  chief  uses  of  eggs  are  as  an  article  of  food 
and  in  the  tanning  industry.  As  the  supply  of 
new-laid  eggs  varies  with  the  season,  recourse 
is  had  to  some  means  of  preserving  a proportion 
of  those  that  come  into  the  market  at  the  time 
of  greatest  production. 

The  following  is  a list  of  some  processes  for 
preserving,  whole  eggs,  which  have  been  patented. 

Saturating  with  carbon  dioxide  (Lake,  Eng. 
Pat.  1653,  1888) ; treating  with  formaldehyde 
vapour  (Loft,  Eng.  Pat.  19721,  1915  ; Corden, 
Eng.  Pat.  15206,  1914) ; wrapping  air-tight  in 
rubber-coated  paper  (Jessen,  Eng.  Pat.  15580, 
1891)  ; coating  with  gelatin  (Mills,  Eng.  Pat. 
17717,  1891  ; Farquhar  and  North,  Eng.  Pat. 
15128,  1892  ; Coakley,  Eng.  Pat.  18816,  1899)  ; 
with  gelatinous  starch  solution  (Schultz,  Eng. 
Pat.  1328,  1902)  ; with  drying  oils,  wax,  or 
varnish,  with  or  without  previous  treatment 
with  antiseptics  (Stukes,  U.S.  Pat.  649899 ; 
Barlow,  Eng.  Pat.  11054,  1902  ; Lome,  Eng.  Pat. 
18439,  1901,  and  9898,  1901  ; Davis  and  Metz, 
Eng.  Pat.  105840,  1916)  ; with  boric  acid 
(Markham,  Eng.  Pat.  3513,  1895)  ; with  lime 
(McArdle,  Eng.  Pat.  3592,  1892  ; Wilson  and 
Wilson,  Eng.  Pat.  15461,  1899)  ; with  sulphuric 
acid  (Beinhardt,  Eng.  Pat.  18130,  1898  ; Marks, 
Eng.  Pat.  12867,  1903)  ; with  liquid  petroleum 
(Henderson,  Eng.  Pat.  101337,  1916)  ; and  with 
water-glass  (Stead,  Eng.  Pat.  4910,  1882 ; 

By  lander,  Eng.  Pat.  23523,  1901). 

The  following  methods  (J.  Soc.  Arts.  1898, 
46,  390 ; J.  Soc.  Chem.  Ind.  1898,  261)  were 
found  to  keep  over  90  p.c.  of  the  eggs  in  good 
condition  for  8 months  : (1)  varnishing  with 

vaseline  ; (2)  keeping  in  milk  of  lime  ; and  (3) 
keeping  in  water-glass  solution.  Of  these  the 
last  method  is  the  one  least  open  to  objection, 
and  is  that  chiefly  used.  Eggs  preserved  in 
water-glass  have  a tendency  to  burst  when 
boiled,  but  this  can  be  prevented  by  piercing 
the  shell  with  a needle. 

A Chinese  preparation,  ^ Pidan,’  is  made 
from  duck’s  eggs  by  coating  them  with  a paste 
obtained  by  stirring  into  an  infusion  of  1^  lbs. 
strong  black  tea,  9 lbs.  lime,  4^  lbs.  salt,  and  a 
bushel  of  wood  ashes.  After  5 months  they  are 
coated  further  with  rice  hulls.  The  changes 
which  take  place  were  investigated  by  Blunt 
and  Wang  (J.  Biol,  Chem.  28,  125),  who  deduced 
that  decomposition  of  both  the  egg  proteins  and 
lipins  had  taken  place.  The  values  for  ash,  for 
total  and  organic  phosphoius  and  especially  for 
ammoniacal  nitrogen,  are  high. 

The  contents  of  eggs  may  be  preserved  by 
heating  at  185°F.  with  a strong  solution  of  a 
sugar  (glucose,  maltose,  dextrose,  &c.),  until 
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the  product  contains  40-60  p.c.  of  sugar.  It  is 
readily  miscible  with  water,  milk,  &c.,  and  will 
keep  for  some  months  without  deterioration 
(Fordred,  Eng.  Pat.  15762,  1894 ; Goodlett, 
U.S.  Pat.  692268). 

An  important  method  of  preserving  the 
whites  and  yolks  of  eggs  consists  in  drying  the 
mixture  in  a current  of  air  at  ST^-dO*^  during 
18  hours,  powdering  the  product,  and  again 
exposing  to  drjr  air.  The  powder  is  packed  in 
tins,  or  can  be  pressed  into  tablets,  and  is  quite 
soluble  in  water  (Eoschi,  Er.  Pat.  369967,  1906). 
A similar  product  is  obtained  by  drying  on  a hot 
roller'at  a temperature  above  212°E.  (Hatmaker, 
Eng.  Pat.  28,  1905  ; see  also  Eng.  Pat.  8743, 
1903,  for  apparatus). 

Substitutes  for  eggs  in  baking  are  made  from 
albumin  and  casein  obtained  from  skimmed 
milk,  sometimes  mixed  with  a proportion  of 
dried  egg ; or  from  maize  meal  containing 
sodium  bicarbonate  and  artificial  colouring 
matter  (Beythien  and  Waters,  Zeitsch.  Nahr. 
Genussm.  1906,  11,  272  ; Bernstein,  Eng.  Pat. 
14336  and  29189  of  1897).  An  emulsion  of  sun- 
fiower  or  other  oil  with  blood  serum  and  lecithin 
has  been  suggested  (Eng.  Pat.  100135,  1915). 

The  eggs  used  for  the  treatment  of  leather, 
especially  the  finer  sorts  of  glove  leather,  are 
preserved  in  the  liquid  state  by  the  addition  of 
salt  and  borax  (Jean,  Mon.  Sci.  1892,  6,  561). 
Analyses  of  this  material,  ‘ eggio,’’  show  that 
it  contains  2-5  p.c.  more  water  and  3|-6  p.c. 
less  fatty  acid  than  fresh  egg  yolk  (Boyer,  J. 
Soc.  Chem.  Ind.  1892,  447).  Bein  has  pointed 
out  that  the  addition  of  salt  to  yolks  materially 
reduces  the  amount  of  fat  (Bied.  Zentr.  21,  138). 
Botten  eggs  could  well  be  used  for  this  pur- 
pose, as  Cech  has  found  that  the  available  oil 
is  not  much  diminished  in  amount,  and  can 
be  extracted  by  pressure  (J.  pr.  Chem.  [2] 
22,  338). 

Oil  of  egg,  obtained  by  extracting  yolks  with 
ether,  or,  better,  chloroform,  forms  about  10  p c. 
of  the  egg,  and  is  used  in  pharmacy  in  the 
preparation  of  ointments  and  emulsions  ; in  the 
leather  industry  and  in  tempera  painting  (Lupus, 
D.  B.  P.  187211).  It  has  no  medicinal  value 
(Paladino  and  Toso,  Analyst,  1896,  21,  161). 
It  has  the  following  properties  : m.p.  22°-22-5°  ; 
sp.gr.  at  15°,  0’9144 ; acid  number,  L2; 
saponification  number,  190-2 ; ether  number, 
189-0  ; iodine  number,  72-1  ; Hehner’s  - number, 
95-16;  Beichert-Meissl  number,  0-4  (Kitt, 
Chem.  Zeit.  1897,  21,  303). 

Detection,  estimation,  and  analysis. — The 
presence  or  absence  of  egg  yolk  in  pastry  can 
be  determined  by  examination  of  the  fat,  there 
being  a great  difference  in  composition  and 
properties  between  the  fat  of  wheat  and  of  the 
egg  (Spaeth,  Zeitsch.  Nahr.  Genussm.  1896,  10, 
171).  The  phosphorus  of  the  yolk  being  present 
chiefly  as  lecithin,  the  yolk  may  be  estimated 
by  igniting  with  sodium  carbonate  and  nitre, 
determining  the  phosphoric  acid  in  the  residue. 
1-129  grams  phosphoric  acid  represent  100  grams 
yolk  (Bein,  Ber.  23,  423).  The  addition  of 
alkali  is  necessary  to  prevent  loss  of  phosphoric 
acid  during  ignition  (Juckenack,  l.c.).  The 
amount  of  egg  present  in  pastry,  &c.,  may  be 
determined  by  the  amount  of  cholesterol  present 
(Cappenberg,  Chem.  Zeit.  1909,  33,  985)7  (For 
methods  for  the  determination  of  the  con- 


stituents of  egg  yolk  for  commercial  purposes, 
see  J.  Soc.  Chem.  Ind.  1906,  829.) 

EGG  ALBUMIN  v.  Proteins. 

EGG  FRUIT.  The  fruit  of  Solanum  melongena 
(Linn.).  A plant  of  tropical  and  sub-tropical 
countries.  Konig  gives,  as  the  mean  of  three 
analyses — 

Nitrogenous  Soluble  carbo- 
Water  matter  Fat  hydrates  Fibre  Ash 

93-2  1-1  0-1  3-9  1-2  0-5 

An  American  analysis  (Bull.  28,  U.S.  Dept, 
of  Agric.)  shows  a somewhat  larger  amount  of 
carbohydrates  (d-Up.c.),  but  is  similar  in  other 
respects. 

This  plant  is  sometimes  called  Aubergine. 
The  fruit  is  used  in  much  the  same  way  as  the 
tomato.  H.  I. 

EGOLS.  A class  of  antiseptics  consisting  of 
the  potassium  mercury  salts  of  o-nitrophenol- 
sulphonic  acid,  the  individual  members  being 
termed  ‘ phenegol,’  ‘ cresegol,’  &c.,  depending 
on  the  phenol  from  which  they  are  derived. 
They  are  reddish-brown  powders,  readily 
soluble  in  water,  and  are  strongly  bactericidal 
(Gautrelet,  Compt.  rend.  129,  [2]  113;  J.  Soc. 
Chem.  Ind.  1899,  854)  {v.  Synthetic  drugs). 

EGYPTIAN  BLUE.  This  is  a blue  colouring 
matter  which  was  used  by  the  Bomans  in  the  first 
few  centuries  of  the  Christian  era,  but  ceased  to 
be  manufactured  about  the  time  of  the  invasion 
of  the  barbarians.  It  figures  in  several  beautiful 
frescoes  in  the  Vatican,  and  has  also  been  found 
at  Pompeii.  Fouque  discovered  the  composi- 
tion to  be  that  of  a double  silicate  of  calcium 
and  copper  Ca0,Cu0,4Si02,  devoid  even  of  traces 
of  alkali.  The  substance  is  crvstalline,  and  is 
hardly  attacked  by  any  chemical  reagents,  which 
explains  the  perfect  state  of  its  preservation  in 
the  paintings  for  which  it  was  employed  1900 
years  ago.  It  may  be  prepared  at  a bright-red 
heat,  but  this  temperature  must  not  be  exceeded, 
as  it  is  then  decomposed  into  cuprous  oxide, 
wollasto7iite,  and  a clear  light -green  glass.  The 
higher  the  temperature,  the  more  of  the  latter 
is  formed,  and,  finally,  wollastonite  disappears 
entirely.  By  the  old  method  of  preparation, 
described  by  Vitruvius,  fine  sand  and  soda  are 
intimately  mixed  with  copper  filings,  then 
moistened  with  water,  formed  into  cakes,  and 
the  latter  dried.  The  cakes  are  then  fused  in  an 
earthen  pot  until  the  blue  colour  is  produced. 
Fouque  found  this  method  practicable,  but  used 
potassium  sulphate  in  preference  to*  soda  as  a 
flux.  It  was  not  possible  to  replace  chalk  or 
lime  by  magnesia.  The  ancient  Bomans  em- 
ployed a large  excess  of  silica,  whilst  Fouque 
employed  'more  basic  mixtures,  finally  purifying 
the  product  with  hydrochloric  acid.  The 
exquisite  colour  of  this  mineral  body,  the  fact 
that  it  is  absolutely  unaffected  by  moisture, 
light,  and  most  chemical  reagents,  as  well  as 
the  facility  and  the  low  price  of  production, 
render  it  desirable  that  its  manufacture  should 
be  again  resumed  (F.  Fouque,  Compt.  rend.  108, 
325-327;  and  J.  Soc.  Chem.  Ind.  8,  291). 
The  conditions  of  its  production  have  been 
studied  by  Laurie,  McLintock,  and  Miles  (Proc. 
Boy.  Soc.  1914,  A,  89,  418).  The  French 
ultramarine  works  of  Deschamps  Freres  re- 
produced Egyptian  blue  by  fusing  in  an  ultra- 
I marine  furnace  a mixture  of  quartz  (50  parts), 
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chalk  (21  parts),  copper  oxide  (24-4  parts),  and 
sodium  carbonate  (4 ’6  parts),  all  in  the  finest 
powder,  and  completely  free  from  iron.  The 
product,  washed  with  hydrochloric  acid  and 
hot  water,  had  the  composition  corresponding 
to  Fouque’s  analysis,  and  was  in  all  respects 
similar  to  the  material  used  by  the  Homans 
(Bock,  Zeitsch.  angew.  Chem.  1916,  29,  i.  228). 

EIKONOGEN.  Sodium  salt  of  1-amino- 
^-naphthol-6-sulphonic  acid.  Used  as  a photo- 
graphic developer. 

EKSANTALAL  CjgHjgO.  Obtained  on  oxi- 
dation by  ozone  of  the  sesquiterpene  primary 
alcohol  a-santalol  G15H24O,  which,  together  with 
the  isomeric  j8-santalol,  constitutes  ‘ santalol,’ 
the  oil  resulting  from  the  hydrolysis  of  the 
hydrogen  phthalate  made  from  the  oil  obtained 
by  distilling  sandalwood  with  steam  (Semmler, 
Ber.  43,  1893). 

It  is  dextro-rotatory  (ajj-j- 13-5°)  ; b.p.  100°- 

110°,  under  10  mm.;  sp.gr.  0-9846  at  20°/20; 
%,  1-48519. 

It  gives  an  oxime,  which  yields  the  corre- 
sponding nitrile  and  amine,  and  gives  eksantalol 
on  reduction  (Semmler,  Ber.  41,  1488). 

Heated  with  acetic  anhydride  and  sodium 
acetate,  it  forms  CTioAeksantalal  acetate 


C12H17O-CO-CH3 


which,  on  oxidation  with  potassium  perman- 
ganate, yields  noreksantalic  acid  CjiHigOg 
(Semmler,  Ber.  43,  1722-1725),  the  methyl  ester 
of  which,  on  reduction  by  sodium  and  alcohol, 
yields  noreksantalol  CjiHigO  ; and  this  on 
oxidation  in  benzene  solution  with  potassium 
dichromate  and  dilute  sulphuric  acid,  gives 
norehsantalal  Cj^H^gO,  b.p.  92°-94°/ll  mm.; 
sp.gr.  20°/20°  0-9964,  n-^  1-48301,  -30-8°. 

The  e?^o^noreksantalal  acetate  gives,  on  oxida- 
tion by  potassium  permanganate,  teresantalic 
acid  (Semmler  and  Zaar,  Ber.  43, 

1890). 

In  all  three  series,  containing  10,  11,  and  12 
carbon  atoms  respectively,  the  same  tricyclic 
system  is  present  as  exists  in  a-santalol ; and 
Semmler  (Ber.  43,  1893-1898)  assigns  to  these 
bodies  constitutions  based  upon  the  camphene 
or  camphor  type,  and  a-santalol  and  eksantalal 
are  structurally  represented  as  below  : 


a-SantaloI. 


CH3 

CH2.  I /GH. 
HoC/  ^0/  I 

1 I CH2  1 

CHO  — 7GH 

CH3/  \CH/ 
Eksantalal. 


EKTOGEN.  Trade  name  for  a mixture  of 
zinc  dioxide  with  zinc  oxide  and  carbonate,  used 
as  a surgical  dressing. 

ELiEOMARGARIC  ACID  GjgHgaOa.  An 
acid,  melting  at  48°,  obtained  by  the  saponifica- 
tion of  elaococoa  oil  (Japanese  v/o'od  oil)  with 


alcoholic  potash,  and  decomposing  the  trieldo- 
margarin  thus  formed.  The  glyceride  when  first 
formed  is  liquid,  but  on  exposure  to  light 
gradually  solidifies.  Isomeric  with  eliiostearic 
acid,  elaoleic  acid,  and  linoleic  acid.  On  expos- 
ing an  alcoholic  solution  to  light,  plates  of  elao- 
stearic  acid,  m.p.  71°,  are  precipitated  (Gloez, 
Bull.  Soc.  chim.  1876,  26,  286  ; 1877,  28,  24)  ; 
traces  of  iodine  or  sulphur  also  bring  about  this 
change  (Macj[uenne,  Compt.  rend.  135,  696).  Oxi- 
dation with  potassium  permanganate  gives  rise 
to  azelaic  acid,  sativic  acid,  and  dihydroxy- 
stearic  acid  (Kametaka,  J.  Soc.  Chem.  Inch  1903, 
1138  ; 1908,  1120  ; Kit,  Chem.  Soc.  Abstr.  1905, 
i.  10 ; Maquenne,  lx.).  Linolic  acid  also  on 
oxidation  yields  sativic  acid,  and  on  bromina- 
tion,  linolic  acid  and  elaomargaric  acid  yield 
the  same  tetrabromide.  Elaostearic  acid  and 
linoleic  acid  yield  the  same  diozonide  (Majima, 
Ber.  1900,  674).  Elaomargaric  acid  and  elao- 
stearic acid  are  converted  into  elaoleic  acid  when 
heated  at  180°  in  sealed  tubes  (Gloez,  J.  1878,  38). 

EL.ffiOPTENE.  The  volatile  portion  of  an 
essential  oil,  used  in . contradistinction  to  the 
stearoptene  or  solid  portion. 

ELAiDIC  ACID  CigHg^Oo.  A solid  stereo- 
isomeric  modification  of  oleic  acid,  obtained  by 
the  action  of  nitrous  acid  upon  olive  oil,  saponify- 
ing the  glyceride  (elaidin)  so  formed,  and  decom- 
posing the  salt  by  hydrochloric  or  sulphuric  acid. 
May  also  be  obtained  by  the  action  of  nitrous 
acid  or  of  nitric  acid  (sp.gr.  1-2)  (Edmed,  Ghem. 
Soc.  Proc.  1899,  190)  upon  oleic  acid,  or  by 
decomposing  barium  oleate  with  fuming  nitric 
acid ; m.j).  52°  (Saytzeff,  Ghem.  Soc.  Abst.  1893, 
551)  ; b.p.  287-5°-288°  at  100  mm.  (Krafft  and 
Mordlinger,  Ber.  1889,  819).  Soluble  in  alcohol 
and  ether.  Solutions  have  an  acid  reaction. 
The  melted  acid  gradually  absorbs  oxygen  from 
the  air,  and  becomes  permanently  liquid.  It 
may  be  distilled  unchanged  under  diminished 
pressure.  Heated  with  potassium  hydroxide,  it 
is  converted  into  acetate  and  palmitate  of 
potassium  with  evolution  of  hydrogen. 

Elaidic  acid  dissolved  in  benzene,  toluene, 
ligroin,  or  chloroform,  and  mixed  with  caustic 
soda  and  shaken,  gives  a brilliant  phosphor- 
escence (Badziszewski,  Annalen,  203,  305). 

Hydriodic  acid  forms  an  addition  compound 
(iodostearic  acid)  with  elaidic  acid  (Farb.  vorm. 
Fried.  Bayer  & Co.  D.  B.  P.  180087  ; Chem.  Soc. 
Abstr.  1907,  i.  380),  which,  on  treatment  with 
alcoholic  potash,  yields  oleic  and  wo-oleic  acids 
(Lebedeff,  ibid.  1893,  550).  On  reduction  with 
nickel  or  copper  and  hydrogen  at  280°-300°, 
elaidic  acid  is  converted  into  stearic  acid 
(Sabatier  and  Maillie,  Ann.  Chim.  Phys.  [8-]  4, 
319).  Treated  with  dilute  solution  of  potassium 
permanganate  in  presence  of  potash,  it  is  con- 
verted into  a dihydroxy  acid,  which  differs  from 
the  corresponding  compound  obtained  from 
oleic  acid  by  its  lower  melting-point  (99-5°), 
and  its  greater  solubility  in  alcohol  and  ether, 
and  also  into  pelargonic,  azelaic,  and  oxalic  acids 
(Saytzeff,  Ber.  1886,  21  ; Edmed,  Chem.  Soc. 
Trans.  1898,  627)  ; oxidation  with  sulphuric 
acid,  however,  gives  rise  to  the  same  dihydroxy- 
stearic  acid  as  is  obtained  from  oleic  acid  under 
the  same  conditions  (Tscherbakoff  and  Saytzeff, 
J.  pr.  Chem.,  1898,  27). 

Elaidin,  a solid  isomeride  of  olein,  is  ob- 
tained by  the  action  of  nitrous  acid  upon  olein. 
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and  is  probably  a triglyceride  C57Hjo40g.  It  i 
melts  at  36°  ; is  nearly  insoluble  in  alcohol, 
readily  soluble  in  ether.  The  Unguentum 
oxygenatum  and  U.  citrinum  of  the  pharmaco- 
poeias, prepared  by  the  action  of  nitric  acid  upon 
hog’s  lard,  contain  impure  elaidin. 

ELAIDIN  V.  Elaidic  acid. 

ELALDEHYDE  v.  Aldehyde. 

ELARSON.  Trade  name  for  strontium 
chloroarsenobehenolate. 

ELATERIN  v.  Elatertum. 

ELATERITE.  Elastic  bitumen,  Mmeral 
caoutchouc.  A fossil  resin,  somewhat  resem- 
bling asphalt,  found  at  Castleton  in  Derbyshire, 
in  France,  Switzerland,  &c.  It  is  a soft,  flexible, 
elastic,  and  readily  inflammable  substance,  with 
a resinous  lustre  and  a dark-brown  colour.  It 
is  mainly  used  as  an  insulator  for  electric  cables. 
It  is  rapidly  decomposed  by  strong  nitric  acid. 
When  boiled  with  alcohol  and  alcoholic  potassium 
hydroxide  it  behaves  like  beeswax.  One  sample 
gave  an  acid  value  of  4 9,  and  saponiflcation 
value  of  56-9,  and  contained  88*9  p.c.  of  un- 
saponiflable  matter. 

ELATERIUM.  The  sediment  from  the  juice 
of  the  fruit  of  the  Ecballium  elaterium  (Richard), 
or  squirting  cucumber.  Elaterium  is  a drastic 
purgative. 

It,  and  elaterin  derived  from  it,  were  excluded 
from  the  B.P.  in  1914.  The  latter  substance  is 
still  official  in  the  United  States  {Elaterinum, 
U.S.P.).  Good  specimens  of  elaterium  when 
extracted  with  chloroform  yield  25  p.c.  of 
elaterin,  which  by  recrystallisation  is  obtained 
in  minute  shining  six-sided  plates.  The  dose 
of  elaterin  is  Ay  lo  to  of  a grain,  and  to  it  is 
ascribed  the  whole  of  the  physiological  activity 
of  elaterium.  Elaterin  is  a neutral  bitter  com- 
pound, insoluble  in  hot  or  cold  water.  It  is 
readily  soluble  in  cold  alcohol,  sparingly  in 
ether.  If  sulphuric  acid  be  added  to  a solution 
of  elaterin  in  melted  phenol,  a crimson  colour  is 
produced  which  changes  to  scarlet  (Lindo,  Chem. 
News,  37,  35;  Johannson,  Zeitsch.  anal.  Chem. 
24,  154). 

On  hydrolysis  with  alcoholic  potash,  elaterin 
furnishes  acetic  acid  and  an  amorphous  com- 
pound, elateridin.  Further  action  of  alkali  gives 
elatenc  acid,  also  amorphous,  and  melting  at 
73°-75°  (Berg,  Bull.  Soc.  chim.  [iii.]  35,  435). 

Elaterium  of  English  origin,  examined  by 
Power  and  Moore  (Pharm.  J.  [iv.]  29,  501),  was 
found  to  contain  5*3  p.c.  of  moisture  and  6 •7  p.c. 
of  ash.  By  a suitable  method  of  extraction,  a 
colourless  crystalline  product,  m.p.  217°-220°, 
was  obtained,  corresponding  with  the  elaterin 
of  the  pharmacopoeias.  This  was  found  to  be 
non-homogeneous,  consisting  of  at  least  two 
substances,  one,  a-elaterin,  melting  at  230°  ivith 
decomposition,  and  Isevo -rotatory,  whilst  the 
other,  ^-elaterin,  has  a lower  melting-point,  and 
is  dextro-rotator3T  Both  have  the  same  empirical 
composition,  but  the  former  is  physiologically 
inert,  whilst  the  latter  shows  marked  physio- 
logical activity.  Examination  of  commercial 
elaterin  showed  that  it  consists  mainly  of  varying 
proportions  of  these  two  substances,  which 
probably  accounts  for  the  marked  diflerence  in 
medicinal  value  of  different  samples.  a-Elaterin 
has  also  been  found  in  colocynth,  the  dried 
fruit  of  Citrullus  colocynthis  (Schraeder)  (Power 
and  Moore,  Chem.  Soc.  Trans.  97,  99),  and  has  I 


I been  further  investigated  by  Moore  (ibid.  97, 
1797). 

According  to  Berg  (Bull.  Soc.  chim.  [iii.]  17, 
85  ; [iv.]  7,  385),  elaterin  does  not  exist  ready- 
formed  in  the  fruit,  but  is  produced  after  the 
rupture  of  the  tissues  by  the  action  of  an  enzyme 
elaterase  on  a glucoside  present.  The  latter 
consists  of  a brittle,  amorphous  powder,  and 
gives  the  same  reactions  as  elaterin  with  sulphuric 
acid  and  phenol.  Power  and  Moore  (Chem.  Soc. 
Trans.  95,  1985),  however,  on  examination  of 
the  fresh  fruit,  failed  to  confirm  this. 

G.  B. 

ELBON.  Trade  name  for  cinnamoyl-p- 
hydroxyphenylurea. 

ELDERBERRY.  The  fruit  of  Sambucus 
nigra  (Linn.).  The  only  analysis  quoted  by 
Konig  gives,  as  the  composition  of  the  fruit — 

Water  Crude  fibre  Pentosans 
81-9  6-6  1-2 

The  berries  are  used  for  the  preparation  of  a 
wine  and  of  ‘ elderberry  syrup,’  an  old-fashioned 
cordial.  From  the  wine,  a brandy  is  sometimes 
distilled,  which  according  to  analyses  by  Arnthor 
and  Zink,  quoted  by  Konig,  contains  39*2  p.c. 
of  alcohol  (by  weight)  and  has  a sp.gr.  of  0’836. 
According  to  de  Sanctis  (Gazz.  chim.  ital. 
1895,  25,  49),  elder  leaves  and  stems  contain 
conine.  Malmejac  (J.  Pharm.  Chim.  1901,  14, 
17)  attributes  the  diuretic  and  purgative  action 
of  the  bark  of  the  elder  to  an  alkaloid,  sambucine, 
a deliquescent  bitter  substance,  yielding  the 
usual  alkaloid  reactions.  He  also  found  elder 
bark  to  contain  tannin,  a resin  resembling 
scammony  and  a yellowish-red  oil  possessing  a 
strong  odour  of  elder.  Elder  pith  contains 
both  xylan  and  araban  (Browne  and  Tollens, 
Ber.  1902,  35,  1457).  The  oil  extractable  from 
the  juice  of  red  elderberries  {8.  racemosa)  by 
ether,  is  light  yellow  in  colour,  has  a sp.gr.  of 
0'9072,  solidifies  at  —8°,  and  melts  at  0° ; 
contains  6’65  p.c.  of  free  acid  (as  oleic  acid), 
0'66  p.c.  of  unsap oniflable  matter,  has  a saponifi- 
cation number  209’3,  iodine  number  81*4,  and 
Reichert-Meissl  value  of  U54  (Byers  and 
Hopkins,  J.  Amer.  Chem.  Soc.  1902,  24,  771). 

The  leaves  of  the  elder  contain  a cyanogenetic 
glucoside,  which,  under  the  influence  of  emulsin, 
yields  dextrose,  benzaldehyde,  and  hj^drogen 
cyanide  ; the  yield  of  the  last  mentioned  amounts 
to  O' 126  gram  per  kilogram  of  fresh  leaves 
(Guignard,  Compt.  rend.  1905,  141,  16  ; Bour- 
quelot  and  Danjou,  ibid.  59).  This  glucoside, 
which  has  been  named  sambunigrin  C14H47O6N, 
crystallises  from  ethyl  acetate  in  long,  colourless 
needles,  melting  at  151°-152°,  is  readily  soluble 
in  water  or  alcohol,  but  nearly  insoluble  in 
ether  (Bourquelot  and  Danjou,  Compt.  rend. 
1905,  141,  598). 

According  to  Ravenna  and  Tonegutti  (Chem. 
Zentr.  1910,  i.  544)  the  enzyme  which  decom- 
poses the  glucoside  in  the  plant  is  not  soluble 
in  water.  The  hydrocyanic  acid  is  present  in 
larger  quantities  than  has  hitherto  been  believed, 
and  is  most  abundant  in  the  stalks.  H.  I. 

ELECTRARGOL.  Trade  name  for  a form 
of  colloidal  silver. 

ELECTRIRIDOL.  Colloidal  iridium. 
ELECTRO-DEPOSITION  and  ELECTRO- 
PLATING. Electrolytic  processes  are  now  used 
to  a considerable  extent  in  the  precipitation 
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of  metals  in  a reguline  form,  available  for  many 
commercial  purposes.  Thus  the  common  and 
more  easily  corroded  metals  are  coated  with 
thin  films  of  electro-deposited  metal  of  a more 
permanent  and  less  oxidisable  character,  in 
the  process  of  electroplating  ; for  the  repro- 
duction of  engraved  surfaces,  type,  &c.,  in 
electro-deposited  copper,  electrolysis  is  applied 
in  electrotyping  ; and  in  the  deposition  of  a pure 
metal  from  an  impure  form  or  a mixture  of 
metals,  the  principles  of  electrolysis  are  applied 
in  the  process  of  electrolytic  refining  and  in 
chemical  analysis. 

An  electric  current  passed  through  solutions 
of  metallic  salts  brings  about  decomposition  of 
a particular  type,  accompanied  by  the  deposition 
or  evolution  of  the  products,  or  others  which 
may  have  been  formed  as  the  result  of  secondary 
changes.  When  copper  sulphate  solution  is 
electrolysed  with  a platinum  anode,  and  any 
cathode,  not  ordinarily  attacked  by  this  salt, 
copper  is  deposited  at  the  cathode,  and  oxygen 
and  sulphuric  acid  are  formed  at  the  anode, 
thus  : 

CU  CUSO4  S04  + H20=H2S04+0 

Deposited  on  : Formed  at 

cathode.  • anode. 

Other  metallic  compounds  follow  a similar 
course.  The  primary  products  consist  of 
charged  atoms  or  radicals.  These  are  termed 
ions,  and  in  the  process  of  electrolysis  migrate 
to  the  electrodes,  those  to  the  anode  being  called 
the  anions,  and  those  to  the  cathode  cathions. 
Anions  consist  of  the  acidic  group  of  the  salt, 
while  the  cathions  comprise  hydrogen,  the 
metals,  and  basic  radicals.  At  the  electrodes, 
the  electrical  charges  are  neutralised,  and  the 
substance  appears  in  the  nascent  form,  subse- 
quently being  deposited  or  evolved.  Elementary 
anions,  such  as  chlorine,  bromine,  and  iodine 
may  enter  into  subsequent  secondary  changes, 
while  others,  such  as  NO3,  SO4,  C2H3O2,  &c., 
react  with  water,  giving  generally  the  correspond- 
ing acid,  and  liberating  oxygen.  With  soluble 
anodes — those  attacked  by  the  anion — solution 
of  the  metal  takes  place,  and  thus,  in  a copper 
solution,  a copper  anode  supplies  metal  under 
the  best  conditions  as  rapidly  as  metal  is  de- 
posited. The  strength  of  the  solution  is  thus 
maintained,  a condition  necessary  for  continuous 
deposition  as  required  for  plating  and  refining 
purposes. 

The  deposition  of  metals  follows  the  usual 
law  of  chemical  equivalents  as  enunciated  by 
Faraday  in  1835.  The  ampere-hour  is  thus 
associated  with  a definite  amount  of  metal, 
which  cannot  be  exceeded,  but  may  not  be 
attained  owing  to  failure  in  realising  the  best 
conditions.  The  quantities  of  metals  deposited 
by  the  coulomb,  ampere-hour,  and  746  ampere- 
hours,  are  shown  in  the  table  on  next  column. 

These  amounts,  however,  can  only  be  de- 
posited when  the  cathode  is  surrounded  by  a 
considerable  amount  of  strong  electrolyte,  and 
only  under  this  condition  can  the  facts  of  electro- 
lysis be  applied,  as  in  the  voltameter,  to  the 
determination  of  the  number  of  coulombs  passing 
through  a circuit.  While  for  most  industrial 
purposes  it  is  not  necessary  for  the  theoretical 
amount  of  metal  to  be  deposited  per  ampere- 
hour,  yet  the  most  satisfacto:)^  deposits  are, 


Metal 

Chemical 

equivalent 

Mgs.  per 

coulomb 

Crams  per 

ampere-hour 

Ozs.  (av.) 

per  746 

ampere-hours 

1 

Copper  (cupric) 

31-8 

0-329 

1-182 

31-0 

,,  (cuprous) 

63-6 

0-658 

2-364 

62-0 

Gold  (auric) 

65-7 

0-680 

2-440 

58-6(Troy) 

„ (aurous)  . 

197-0 

2-040 

7-320 

176-0  „ 

Iron 

28-0 

0-290 

1-040 

27-3 

Lead 

103-5 

1-070 

3-870 

101-0 

Nickel  . 

29-3 

0-302 

1-085 

28-5 

Silver  . . . 

108-0 

1-118 

4 025 

96-5(Troy) 

Tin  (stannous)  . 

59-0 

0-610 

2-190 

57-5 

,,  (stannic) 

29-5 

0-305 

1-095 

28-7 

Zinc 

32-5 

0-336 

1-210 

31-8 

in  many  cases,  obtained  when  this  condition  is 
most  nearly  attained.  Failing  the  full  amount 
of  metal  per  ampere-hour,  hj^drogen  is  deposited, 
and  this  often  leads  to  a dark  powdery  deposit 
unsuitable  for  most  industrial  purposes.  Such 
deposits,  caused  usually  by  excessive  current,  are 
said  to  be  ‘ burnt.’  In  some  solutions — for 
example,  those  of  copper,  iron,  or  nickel  sulphate 
— this  inferior  deposit  seems  to  result  from  the 
simultaneously  deposited  hydrogen  due  to  a 
weak  electrolyte.  In  other  examples,  that  of 
the  alkaline  or  cyanide  copper  bath,  it  would 
seem  (from  the  fact  that  much  hydrogen  may 
be  deposited  without  ‘ burning  ’)  more  probably 
due  to  the  deposition  of  traces  of  basic  com- 
pounds with  the  metal  (Bancroft,  Trans.  Amer. 
Electrochem.  Soc.  vi.  [ii.]  27).  This  view  is 
supported  by  the  fact  that  the  presence  of 
substances  in  the  solution,  which  are  good 
solvents  for  such  basic  compounds,  prevents 
‘ burning  ’ to  a considerable  extent.  Thus,  in 
the  alkaline  copper- bath,  ‘ burning  ’ is  reduced, 
and  the  quality  of  the  deposit  improved  by  the 
addition  of  such  salts  as  sodium  bisulphite  and 
potassium  cyanide.  In  other  examples,  notably 
those  of  tin  and  lead,  the  deposit  is  much 
improved  by  the  addition  of  a trace  of  a colloid, 
such  as  glue  or  gelatine. 

Migration  of  ions.  It  is  well  known  that 
ions  migrate  to  their  respective  plates  with 
definite  speeds  under  unit  potential  gradient. 
If  deposition  proceeds  more  rapidly  than  this 
rate  of  migration,  the  cathode  liquid  becomes 
impoverished  of  its  metal,  and  this  involves  a 
falling  off  in  the  ampere-hour  yield.  The  defi- 
ciency of  metal  around  the  cathode  is  counter- 
acted to  a limited  extent  by  the  ordinary  process 
of  diffusion,  but  there  is  a limit  to  the  rate  at' 
which  metal  may  be  satisfactorily  deposited, 
unless  special  steps  are  taken  to  make  up  for 
this  slow  migration.  Methods  of  circulation 
and  stirring  are  based  on  this  fact,  and  also  on 
the  further  fact  that  the  heavier  solution  formed 
around  the  anode  falls  to  the  bottom  of  the 
solution,  and,  owing  to  its  superior  conductance, 
gives  rise  to  the  conduction  of  an  undue  pro- 
portion of  the  current  and  consequently  thicker 
deposits  on  the  portion  of  the  cathode  in  this 
heavier  layer  ; hence  a limit  to  the  rate  at  which 
deposition  may  be  safely  allqwed  to  proceed  is 
set,  and  the  time  required  to  deposit  a given 
amount  of  metal  varies  correspondingly. 
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E.M.F.  for  deposition.  With  an  insoluble 
anode,  a definite  minimum  E.M.F.  is  required 
to  maintain  electrolysis.  Thus,  when  copper 
sulphate  is  decomposed  with  a platinum  anode, 
the  total  change  is  as  follows  : — 

CUSO4+H2O  = CU+O  + H2SO4 

This,  as  a chemical  change,  is  endothermic,  and 
electrolytically  it  demands  a minimum  E.M.F. 
of  about  1-25  volts  for  its  continuance.  When 
a copper  anode  is  used,  no  change  in  the  com- 
position of  the  solution  occurs.  Energy  changes 
at  both  electrodes  are  equal  and  of  opposite 
character,  and  hence  a much  smaller  E.M.F.,  viz. 
that  required  to  overcome  the  ohmic  resistance 
of  the  solution,  is  required.  With  efficient 
anode  solution  and  a good  conducting  electrolyte, 
such  as  is  obtained  in  an  acidified  copper 
sulphate  solution,  a P.D.  of  about  0-3-0-5  volt 
will  maintain  a fair  rate  of  deposition.  In  the 
case  of  nickel,  where  there  is  usually  inefficient 
anode  solution  and  a poorly  conducting  electro- 
lyte, a much  higher  P.D.  is  required,  partly  on 
account  of  the  greater  stability  of  nickel  com- 
pounds. Figures  given,  therefore,  for  P.D.’s  at 
bath  terminals  are  of  a very  elastic  character, 
depending  upon  the  efficiency  of  anode  solution, 
strength  and  temperature  of  the  solution, 
distance  between  electrodes,  presence  or  other- 
wise of  conducting  substances  in  the  solution, 
and  current  density  required  ; while  the  con- 
ditions controlling  the  allowable  current  density 
at  the  cathode  are  chiefly  the  strength  of  the 
electrolyte  and  its  motion. 

The  deposition  of  copper  may  be  accom- 
plished by  simple  immersion  methods,  resulting 
in  a chemical  exchange  with  the  more  positive 
metal  plated  ; thus  : 

|“|+CuS04=|“}s04+Cu 

The  process  is  but  little  used,  and  then  only  for 
very  cheap  work.  Deposits  on  a surface  which 
is  undergoing  simultaneous  corrosion,  cannot  be 
sufficiently  adherent  to  withstand  the  frictional 
processes  of  polishing  and  burnishing. 

The  single-cell  process,  practised  at  one  time, 
involves  the  generation  of  current  and  the 
deposition  of  metal  in  the  same  apparatus. 
The  process  is  illustrated  in  the  Daniell  cell,  in 
which,  if  the  copper  cylinder  is  replaced  by  any 
conducting  substance,  copper  is  deposited. 

For  the  deposition  of  copper  on  brass  and 
similar  electro-negative  metals,  and  on  black- 
leaded  or  metallised  non-conducting  surfaces  of 
wax,  guttapercha,  plaster,  earthenware,  &c.,  the 
following  solution  is  of  wide  application  : — 

Bluestone  (CuSO^,  fiHaO)  . . U-2  lbs. 

Oil  of  vitriol  ....  lb. 

Water  . . . . . to  1 gallon 

The  composition  is  variable.  Strong  solutions 
admit  of  more  rapid  deposition  without  ‘ burn- 
ing,’ while  the  acid  imparts  conductance. 
From  such  a solution  deposition  can  be  carried 
on  at  the  rate  of  40  amperes  per  square  foot 
without  stirring,  while,  with  a properly  stirred 
electrolyte,  this  current  density  may  be  increased 
up  to  250  or  300  amperes  per  square  foot. 

Previous  to  deposition,  brass  is  cleaned  first 
in  potash  (5-10  p.c.)  to  remove  grease.  It  is 
then  passed  through  aquafortis  to  remove  scale 


of  oxide,  or  tarnish,  and,  after  rinsing,  is  scoured 
with  pumice  or  ordinary  sand  or  scratch-brushed. 
After  finally  rinsing,  it  is  immersed  in  the 
solution,  and  should  be  covered  immediately. 
The  deposit  is  pink,  though  dull.  When  of 
sufficient  thickness,  the  work  is  removed,  rinsed, 
and  the  dull  surface  improved  by  scratch- 
brushing  or  polishing. 

For  deposition  upon  non-conducting  sub- 
stances such  as  wax,  guttapercha,  &c.,  the 
following  methods  may  be  used  : — 

(1)  Wax  and  gutta-percha.  Thorough  yet 
careful  brushing  with  the  finest  plumbago 
causes  sufficient  to  be  retained  to  render  the 
surface  conductive.  Such  surfaces  when  sus- 
pended in  the  copper  solution,  receive  a deposit 
beginning  at  the  metal  connection,  and  gradually 
spreading  over  the  whole  surface,  the  thickness 
of  the  deposit  not  being  exactly  uniform. 

(2)  Plaster  of  Paris  and  unglazed  earthenware 
may  be  rendered  conductive  by  first  soaking  in 
linseed  oil  and  allowing  to  dry.  They  are  thus 
rendered  impervious  to  the  solution,  and  the 
skin  of  dried  oil  will  now  retain  blacklead,  when 
this  substance  is  applied  by  gentle  brushing, 
sufficient  to  impart  the  necessary  conductance. 

(3)  Flowers,  feathers,  and  other  delicate 
objects  which  will  not  withstand  the  pressure 
of  even  gentle  brushing,  may  be  treated  to 
produce  a fine  layer  of  some  metal  or  sulphide 
on  the  surface  by  simple  chemical  means.  A 
usual  method  is  to  paint  them  or  immerse  them 
in  a weak  solution  of  phosphorus  in  carbon 
disulphide,  and,  after  drying,  a brief  immersion 
in  silver  nitrate  solution  leads  to  the  precipitation 
of  silver,  which  imparts  the  necessary  conduct- 
ance. Again,  the  object  to  be  treated  may  first 
be  immersed  in  silver  nitrate  solution,  and 
subsequently  exposed  to  sulphuretted  hydrogen, 
which  produces  a layer  of  silver  sulphide, 
sufficient  to  cause  the  immediate  deposition  of 
copper  at  all  points. 

A more  successful  method  for  wax  and 
guttapercha  involves  covering  these  substances 
with  copper  by  simple  precipitation.  The 
substance,  usually  as  a mould  or  impression  of 
a surface  to  be  reproduced  in  electrotype  copper, 
is  first  blackleaded  and  is  then  laid  face  up- 
wards in  a solution  of  copper  sulphate.  Iron 
filings  are  then  sprinkled  on  the  sm-face.  The 
filings  in  contact  with  the  blackleaded  surface 
produce  innumerable  voltaic  couples,  which 
bring  about  the  deposition  of  copper  quickly 
and  completely.  The  mould  is  then  rinsed  to 
detach  the  filings,  and  placed  in  the  bath,  when 
copper  is  at  once  deposited  uniformly  over  the 
whole  surface. 

On  positive  metals  such  as  iron,  zinc,  tin, 
Britannia  metal,  pewter,  &c.,  copper  cannot  be 
successfully  deposited  from  the  acid  sulphate 
solution  on  account  of  the  ease  with  which  these 
metals  turn  out  the  copper  by  simple  immersion, 
and  are,  moreover,  corroded  by  the  acid.  A 
more  stable  and  more  satisfactory  compound  for 
this  class  of  work  is  the  double  cyanide  of 
copper  and  potassium  (CuCN'KCN).  Solutions 
of  this  compound  are  usually  prepared  by  (1) 
dissolving  the  carbonate  in  a solution  of  potas- 
sium cyanide ; (2)  precipitating  the  sulphate 

with  ammonia,  dissolving  the  precipitate  in 
excess  of  ammonia,  and  decolourising  the  blue 
solution  with  potassium  cyanide.  Many  other 
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methods  are  available  and  are  in  use.  The 
strength  of  such  solutions  may  be  varied 
between  wide  limits  up  to  4 ozs.  (or  even  more) 
of  metal  per  gallon.  An  excess  of  potassium 
cyanide  is  essential,  owing  to  the  formation  of 
insoluble  single  copper  cyanide  (CuCN)  at  the 
anode.  The  course  of  electrolysis  in  such 
double  cyanide  solutions  (including  those  of 
zinc,  silver,  and  gold)  is  very  different  from  that 
of  the  salts  of  the  mineral  acids.  In  the  case 
of  copper,  the  reaction  may  be  simply  represented 
as  follows  : — 

Anode  Cathode 

CuCN-KCN 
^ Cu(CN)r-K+ 

then  : 

Cu(CN)2  + Cu  = 2CuCN  K -t  CiiCN-KCN  = Cu  + 2KCN 

(insoluble)  ^ (deposited) 

The  copper  in  the  salt  thus  migrates  as  a 
complex  ion  to  the  anode,  and  there  forms  an 
insoluble  compound.  This,  unless  removed, 
offers  considerable  resistance,  and  increases  the 
difficulty  of  maintaining  a normal  current. 
Sufficient  potassium  cyanide  for  its  removal  is 
formed  at  the  cathode,  and  can  be  best  brought 
to  the  anode  by  stirring,  which  facilitates  the 
process  of  deposition  by  keeping  the  anode 
clean.  The  solution  of  the  anode  deposit  is 
more  usually  accomplished  by  using  an  excess 
of  potassium  cyanide  called  ' free  cyanide.  ’ 
From  such  a solution  copper  is  not  deposited 
upon  iron,  tin,  Britannia  metal,  pewter,  &c.,  by 
simple  immersion,  and  only  very  slightly  on 
zinc.  The  solution  is  conveniently  used  warm, 
and  yields  a deposit  of  copper  accompanied  by 
hydrogen,  which,  as  a rule,  does  not  seriously 
interfere  with  the  physical  character  of  the 
deposit.  The  deposit  is,  under  the  best  quali- 
tative conditions,  smoother  than  that  from  the 
sulphate  solution,  and  once  the  positive  metal 
has  been  coated  in  this  solution,  it  may  be 
removed,  and,  after  thorough  rinsing,  introduced 
into  the  sulphate  solution  for  a thicker  deposit. 
The  cyanide  solution,  when  strong,  and  used 
within  certain  limits  of  current  density,  yields 
twice  as  much  copper  per  ampere-hour  (viz. 
2-36  grams)  as  the  sulphate,  the  cyanide  com- 
pound being  the  monovalent  cuprous  salt. 

Applications  of  copper  deposition. — The  metal 
is  most  extensively  deposited  as  a covering  for 
more  positive  and  more  corrodible  metals,  and 
as  a preliminary  deposit  before  coating  with 
the  more  expensive  metals.  Deposits  of  copper 
on  iron  may  then  be  burnished  or  polished  and 
the  surface  improved  by  metal-colouring,  when, 
by  chemical  processes,  the  surface  is  covered 
with  a uniform  film  of  oxide  or  sulphide  by 
immersion  in  solutions  producing  these  com- 
pounds, such  as  the  salts  of  copper  and  soluble 
sulphides.  Uniform  and  pleasing  effects  are 
readily  obtained,  and  may  be  rendered  more 
permanent  by  subsequent  lacquering.  The 
metal  is  also  deposited  on  a considerable  scale 
in  the  electrotyping  process,  thin,  but  rigid 
reproductions  of  type,  engraved  plates  and 
blocks  being  made  in  electro- deposited  copper, 
and  subsequently  strengthened  by  ' backing  ’ 
with  a lead-antimony  alloy,  which  is  then 
planed  down  to  the  required  thickness. 

Analytically,  copper  deposition  is  applied 


in  the  separation  of  this  metal  from  more 
positive  metals  in  an  acid  solution  with  a 
platinum  anode.  From  a solution  of  brass  in 
nitric  acid,  the  copper  may  be  most  completely 
deposited  without  interfering  with  the  zinc. 
The  copper  deposit  made  on  a platinum  dish  or 
suitable  electrode  is  then  weighed,  and  the 
zinc  obtained  by  either  a chemical  or  a further 
electrolytic  metliod  {v.  Analysis).  On  a com- 
mercial scale,  the  deposition  of  copper  has  been 
applied  by  Cowper-Coles  to  the  production  of 
parabolic  mirrors  for  lighthouse  work,  and  to 
the  production  of  sheet,  wire,  and  tubes.  The 
manufacture  of  deposited  tubes  of  large  diameter 
has  been  successfully  carried  on  by  Elmore 
Bros.,  who  arrange  an  agate  burnisher  to 
travel  backwards  and  forwards  along  the  tube 
during  deposition,  thereby  producing  a compact 
deposit  of  good  mechanical  properties.  Tubes 
up  to  16  feet  long  by  8 feet  diameter,  and 
weighing  more  than  3 tons,  have  been  produced 
by  this  method.  More  usually,  however,  tubes 
are  of  smaller  dimensions,  and  are  subsequently 
drawn  down  or  opened  longitudinally  for  the 
production  of  sheets.  Copper  is  deposited  on  a 
most  extensive  scale  in  the  refining  process, 
possibly  as  much  as  three-quarters  of  the  total 
output  of  the  metal  annually  being  refined  in 
this  manner,  using  a solution  of  the  sulphate 
with  thick  anodes  of  the  crude  metal.  The  crude 
metal  contains  up  to  DO  p.c.  of  impurities.  The 
deposited  metal  is  almost  entirely  free  from 
impurity.  Positive  impurities  pass  into  the 
solution,  and  are  retained  there  by  the  applica- 
tion of  the  principle  used  in  electrolytic  analysis. 
Electro-negative  impurities,  as  silver  and  gold, 
pass  as  chloride  and  metal  respectively  into  the 
mud  at  the  bottom  of  the  tank,  from  which 
they  may  be  recovered.  Tin,  antimony,  arsenic, 
and  bismuth  are  prevented  from  being  deposited 
by  a careful  control  of  the  conditions,  and  the 
sum-total  of  impurities  in  the  refined  metal  is 
usually  less  than  0*05  p.c. 

Deposition  of  silver.  Silver,  being  an  electro- 
negative metal,  is  readily  deposited  by  simple 
immersion.  The  process  is  applied  com- 
mercially under  the  name  of  ‘ whitening.’ 
Solutions  for  this  purpose  contain  a small 
proportion  of  a silver  compound,  such  as 
chloride  or  cyanide,  dissolved  in  cream  of 
ta,rtar,  sodium  chloride,  or  similar  solvent.  The 
deposition  on  properly  prepared  work  is  a 
case  of  simple  replacement,  and  only  very  thin 
deposits  are  obtainable  by  this  means.  The 
same  materials  may  also  be  used  in  the  form  of 
pastes,  and  rubbed  on  the  prepared  work  with 
a wet  rag,  this  method  finding  application  in 
silvering  clock  and  instrument  dials. 

Electro-deposition  is  most  frequently  prac- 
tised. For  this  purpose  the  nitrate  solution  is 
unsuitable  on  account  of  its  instability,  being 
serviceable  only  as  a voltameter  electrolyte 
where  the  very  electro -negative  metal  platinum 
is  used.  For  silvering  on  more  positive  metals, 
those  which  usually  require  silver  plating,  a 
solution  of  the  double  cyanide  of  silver  and 
potassium  is  used.  This  may  be  prepared  from 
the  metal  as  follows  : — . 

{a)  The  metal  is  converted  into  nitrate,  and 
precipitated  with  potassium  cyanide.  When 
precipitation  is  just  complete,  the  clear  liquid 
is  decanted  and  the  precipitate  washed  and 
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subsequently  dissolved  in  more  cyanide  solution, 
a further  supply  of  cyanide  being  added  for 
‘ free  cyanide.’ 

(b)  Precipitation  may  be  effected  by  common 
salt,  and  the  washed  chloride  dissolved  in  excess 
of  potassium  cyanide. 

(c)  A silver  plate  may  be  made  the  anode  in 
a 5 p.c.  solution  of  potassium  cyanide,  using  a 
small  copper  or  carbon  cathode  contained  in 
some  of  the  solution  in  a porous  cell.  The  silver 
dissolves  electrolytically,  and  the  process  can 
be  continued  until  sufficient  silver  has  passed 
into  the  solution  and  a good  deposit  is  obtainable 
from  it. 

The  solution  is  used  cold,  and  yields  a dull 
deposit  of  the  metal,  which  may  subsequently 
be  scratch-brushed,  burnished,  and  polished. 
The  addition  of  a small  proportion  of  carbon 
disulphide  (1  oz.  in  250  gallons)  completely 
alters  the  character  of  the  deposit  from  dull 
to  bright.  ‘ Bright  plating  ’ is,  therefore, 
much  practised.  The  silver  compound  in  the 
solution  being  somewhat  unstable,  special  pre- 
cautions are  necessary  before  placing  work  in  the 
solution  for  deposition.  Copper,  brass,  and 
nickel  silver  may  be  plated  directly,  though 
previous  to  deposition  it  is  common  practice  to 
pass  such  work  through  a solution  of  mercury 
cyanide.  This  solution  can  be  prepared  by 
treating  a soluble  mercuric  compound  with 
excess  of  potassium  cyanide,  or  by  dissolving 
the  oxide  in  cyanide.  A usual  strength  is  1 oz. 
of  metal  per  gallon.  From  such  a ‘ quicking,’ 
solution  a bright  deposit  of  mercury  is  obtained 
on  brass,  copper,  and  nickel  silver  by  simple 
immersion,  with  the  advantages  that  the  more 
negative  metal  mercury  is  less  oxidisable  than 
copper,  &c.,  and  prevents  simple  immersion 
deposition  of  silver  when  the  work  is  put  into 
the  bath,  and  possibly  promotes  the  adhesion 
of  the  subsequently  electrolytically  deposited 
silver,  by  amalgamation.  More  positive  metals, 
like  iron  and  zinc,  are  first  coppered  in  the 
alkaline  bath,  and  subsequently  treated  as 
copper.  With  the  lead  alloys  it  is  usual  to  pass 
them  straight  from  the  cleansing  processes 
through  a separate  silver  solution,  from  which  a 
rapid  deposit  is  first  made.  This  is  termed 
‘ striking,’  after  which  the  work  is  transferred 
to  the  main  solution  to  complete  the  deposition. 

The  current  density  permissible  is  controlled 
largely  by  the  metal  content  of  the  solution. 
Excessive  current  produces  a light-grey,  dark- 
grey,  or  black  deposit,  which,  being  powdery,  is 
unable  to  withstand  the  processes  of  burnishing 
and  polishing. 

Silver  anodes  should  be  of  fine  metal,  pre- 
ferably annealed,  and,  therefore,  more  suscep- 
tible to  solution.  Their  behaviour  is  an  indica- 
tion of  the  condition  of  the  solution.  If  a dull 
deposit  collects  upon  them,  with  a falling  off  in 
the  current,  more  free  cyanide  is  required  to 
dissolve  the  insoluble  single  cyanide  which 
forms  upon  them.  On  the  other  hand,  excessive 
free  cyanide  unduly  promotes  the  solution  of 
the  anode,  limits  the  permissible  current  density 
at  the  cathode,  lowers  the  cathode  efficiency, 
and  promotes  simple  immersion  deposition  on 
work  which  is  not  ‘ quicked.’  The  amount  of 
free  cyanide  present  can  easUy  be  determined 
in  this  and  other  cyanide  solutions  by  titration 
with  standard  silver  nitrate. 


I The  deposition  of  gold  is  practised  consider- 
ably on  account  of  the  pleasing  colour  and 
permanence  of  the  deposit.  Deposition  is  easy 
owing  to  the  strong  electro -negative  character 
of  the  metal,  and  for  electro-gilding,  as  with 
electro-silvering,  cyanide  solutions  are  used. 
Gold  may  be  applied  to  metallic  surfaces  by 
three  methods,  viz.  : (1)  mercurial  gilding ; 

(2)  simple  immersion  ; and  (3)  the  electrolytic 
method.  Mercurial  gilding  is  used  for  heavy 
deposits  of  gold.  An  amalgam  of  gold  is  first 
prepared  by  pouring  mercury  on  to  hot  gold. 
Excess  of  mercury  is  squeezed  through  chamois 
leather,  and  the  pasty  amalgam  preserved  in 
balls  under  water.  It  is  applied  to  the  prepared 
metallic  surface  with  a wire  brush,  which  has 
first  been  wetted  with  a weak  solution  of  mercuric 
nitrate.  This  is  rubbed  on  the  amalgam  and 
then  on  to  the  work,  depositing  a layer  of  amal- 
gam. When  a uniform  coating  is  obtained,  the 
mercury  is  expelled  in  a muffle,  and  the  process 
repeated  for  thicker  deposits.  The  dull  surface 
is  improved  by  scratch-brushing.  This  process 
is  still  largely  employed. 

Simple  immersion  methods  aie  followed,  for 
mere  films  of  metal,  in  solutions  of  very  varied 
composition.  A moderately  strong  solution  of 
sodium  pyrophosphate  is  prepared  (5-10  p.c.), 
and  gold  chloride  added  a little  at  a time.  The 
warm  solution  at  once  gives  up  its  metal,  but 
the  deposits  can,  in  any  case,  only  be  very  thin, 
though  they  may  be  thickened  somewhat  by 
‘ quicking  ’ in  a mercury  solution  and  re- 
immersing  in  the  gold  solution. 

Gilding  with  the  separate  current  is  largely 
practised,  using  a solution  prepared  by  the 
following  or  similar  methods  : — 

(1)  Making  a gold  sheet  the  anode  in  a 
cyanide  solution  (4  ozs.  per  gallon),  using  a 
cathode  contained  in  a porous  cell.  The  process 
is  continued  until  sufficient  metal  is  lost  from 
the  anode  or  until  the  solution  yields  a good 
deposit. 

(2)  Precipitating  gold  chloride  with  ammonia, 
avoiding  excess,  and  dissolving  the  washed  pre- 
cipitate in  potassium  cyanide  solution. 

The  metal  content  may  vary  from  a few 
pennyweights  to  a few  ounces  per  gallon.  The 
solution  is  used  warm  with  a gold  anode,  which 
is  electrolytically  corroded,  or  by  a less  desirable, 
though  common,'  method  of  using  an  insoluble 
platinum  anode  and  making  frequent  small 
additions  of  gold  chloride.  The  colour  of  the 
deposit  varies  considerably  with  the  conditions, 
chiefly  that  of  current.  Other  conditions,  such 
as  temperature,  size  of  anode,  distance  between 
electrodes,  metal  content,  also  apparently  affect 
the  colour ; but  these  varying  conditions 
primarily  influence  the  current.  Cold  and  weak 
solutions  give  a pale  colour,  which  may  be 
improved  by  warming.  Excessive  current 
produces  darker  and  foxy  deposits,  which  aie, 
however,  improved  by  scratch-brushing.  More 
satisfactory  deposition  proceeds  when  the 
work  is  kept  in  motion.  The  colour  of  the 
deposit  is  heightened  somewhat  by  a preliminary 
coating  of  copper,  while  a deposit  of  silver  has 
the  reverse  effect,  though  occasionally  required. 
The  colour  is  modified  also  by  the  addition  of 
copper  and  silver  cyanides  to  the  solution. 
Thick  deposits  are  most  satisfactorily  obtained 
by  occasional  scratch-brushing  and  ‘ quicking.’ 
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The  deposition  of  nickel  is  now  very  largely 
applied  on  account  of  the  hardness  of  the  deposit 
and  its  permanence,  together  with  the  excep- 
tional lustre  which  can  be  imparted  to  it  by 
polishing.  The  solution  most  commonly  em- 
ployed is  : 

Nickel  ammonium  sulphate  . 12  ozs. 

Water  . . . . .1  gallon 

The  conditions  which  affect  the  electro-deposi- 
tion from  this  solution  have  been  studied  by 
Bennett,  Kenny,  and  Dugliss  (J.  Phys.  Chem, 

1914,  18,  373  ; Rennet,  Rose,  and  Tinkler,  ibid. 

1915,  19,  564  ; Hammond,  Trans.  Amer.  Electro- 
chem.  Soc.  1916,  30,  103).  To  this  solution, 
additions  are  frequently  made  to  increase  the  con- 
ductance, sal-ammoniac  or  common  salt  being 
used.  Owing  to  the  fact  that  no  free  mineral  acid 
is  permissible,  and  the  tendency  also  to  the 
formation  of  nickel  hydroxide  at  the  cathode, 
small  additions  of  acids,  such  as  citric,  boric, 
or  acetic,  are  made  with  varying  success. 
The  only  modification  in  the  above  solution 
which  adds  any  appreciable  advantage,  is 
that  of  nickel  sulphate,  which  is  so  much  more 
soluble  than  the  double  salt,  and  from  which, 
therefore,  much  stronger  and  therefore  better, 
conducting  solutions  can  be  prepared.  For 
thick  deposits,  Langbein  recommends  the  use 
of  3 lbs.  of  nickel  sulphate  per  gallon,  with  the 
addition  of  ethyl  sulphate  or  magnesium  ethyl 
sulphate.  On  account  of  the  greater  stability 
of  nickel  compounds  and  the  poor  solution  of 
the  anodes,  and  also  the  absence  of  free  mineral 
acid,  a distinctly  higher  E.M.F.  is  required 
than  for  copper  deposition,  viz.  5-6  volts  for 
‘ striking,’  that  is,  rapidly  coating  the  work 
with  nickel,  and  then  2-3  volts  for  depositing 
the  bulk  of  the  metal.  The  absence  of  free  acid 
necessitates  especial  care  in  the  preliminary 
cleansing  processes,  most  work  being  finally 
passed  through  a weak  solution  of  cyanide 
(5  p.c.),  and  quickly  and  thoroughly  rinsed 
before  being  put  into  the  vat.  The  nickel- 
plating  solution  is  usually  worked  cold,  and  is 
conveniently  contained  in  lead-lined  vats. 
Anodes  may  be  of  cast  or  rolled  metal,  the  cast 
being  much  superior,  as  its  porosity  assists  its 
corrosion  under  the  influence  of  the  current. 
Rolled  metal  is  but  little  attacked  by  the 
anion  SO4,  and,  failing  the  solution  of  the 
anode,  sulphuric  acid  is  produced  and  oxygen 
evolved ; thus  : 

S04+H20=H2S04-1-0 

This  acidity  is  to  be  avoided,  and  with  it 
there  is  a diminution  in  the  metal  content  of 
the  solution  which  is  similarly  undesirable. 
Cast  anodes  are  therefore  much  more  largely 
used,  more  uniform  conditions  being  main- 
tained with  them.  On  account  of  the  high 
E.M.F.  used,  some  hydrogen  is  evolved  at  the 
cathode,  though  the  current  efficiency  should  not 
ordinarily  fall  below  90  p.c.  Occasional  motion 
of  the  work  is  desirable  in  order  to  disengage 
any  bubbles  which  may  collect.  Once  deposi- 
tion has  commenced,  the  work  should  not  be 
exposed  more  than  momentarily,  otherwise  an 
imperceptibly  thin  film  of  oxide  will  form  and 
almost  entirely  prevent  the  adhesion  of  further 
deposited  metal.  In  fact,  it  is  considered 
impossible  to  successfully  deposit  nickel  on  such 


a surface  or  on  a previous  deposit.  On  this 
account,  previously  nickelled  work  should  be 
entirely  freed  from  its  nickel,  and,  while  this 
may  be  done  by  acid  solutions,  common  practice 
follows  the  method  of  polishing,  at  the  same 
time  preparing  the  surface  for  the  new  deposit. 
Copper  and  brass  work  is  nickelled  directly  after 
the  usual  cleaning  operations,  whilst  positive 
metals  like  zinc  and  Britannia  metal  require  a 
previous  deposit  of  copper  from  the  cyanide 
bath.  According  to  Canac  and  Tasilly  (Compt. 
rend.  1914,  158,  119),  aluminium  is  readily 
plated  with  a durable  coating  of  nickel  by  first 
plunging  the  metal  in  a boiling  potassium 
hydroxide  solution,  scrubbing  it  with  milk  of 
lime,  followed  by  steeping  in  a 0’2  p.c.  solution 
of  potassium  cyanide  for  some  minutes,  after 
which  it  is  transferred  to  a bath  of  500  grams  of 
hydrochloric  acid  and  1 gram  of  iron  in  500  c.c. 
of  water.  Between  each  bath  it  is  well  washed 
with  water,  and  then  plated  electrolytically  in  a 
solution  of  nickel  chloride.  The  success  of  the 
plating  apparently  depends  on  the  use  of  the 
ferruginous  bath.  Iron  and  steel  may  be 
nickelled  without  coppering,  the  polished  surface 
being  first  rendered  somewhat  dull  by  scouring 
with  finest  pumice.  The  deposit  should  be 
kept  bright,  and  this  is  attained  by  a current 
density  not  exceeding  5 amperes  per  square 
foot.  Higher  current  densities  produce  dull 
deposits,  tending  to  become  powdery  on  the 
edges.  The  nickel  deposit  is  very  hard,  and  the 
final  lustre  is  obtained  by  ‘ finishing  ’ with 
Sheffield  lime,  which  produces  a highly  lustrous 
surface.  In  addition  to  the  extensive  cycle  and 
motor  industry,  nickel-plating  is  applied  con- 
siderably for  small  machine  parts  and  instru- 
ment work  and  for  ‘ facing  ’ stereotypes,  the 
deposit  being  much  more  durable  than  the 
stereotype  metal. 

The  deposition  of  iron  is  carried  out  on  lines 
similar  to  those  for  nickel,  solutions  of  ferrous 
sulphate  or  ferrous  ammonium  sulphate  being 
used.  These  must  be  entirelv  free  from  mineral 
acid,  more  so  than  in  the  case  of  nickel,  and 
water  should  be  well  boiled  before  being  used, 
to  expel  air  and  prevent  the  oxidation  of  ferrous 
to  ferric  compounds.  Ferric  compounds  under 
electrolysis  yield  little  metal,  being  first  reduced 
to  ferrous  at  the  cathode.  The  process  is  not 
much  used  beyond  the  application  in  ' steel- 
facing ’ engraved  plates.  The  iron  deposit 
obtained  is  free  from  carbon,  but  is  very  hard. 
Anodes  of  the  softest  wrought  iron  containing 
a minimum  of  carbon  are  desirable,  and  require 
occasional  scouring  to  remove  the  layer  of 
insoluble  carbon.  The  deposition  of  iron  has 
also  been  used  for  thicker  deposits,  which  have 
subsequently  been  removed  and  examined  to 
investigate  the  properties  of  pure  iron,  and  to 
more  successfully  determine  the  effect  of  im- 
purities. For  ‘ steel  facing,’  the  engraved  plates 
are  cleaned,  any  scouring  being  done  with  only 
a light  brush.  The  plate  is  then  hung  in  the 
bath  and  covered  quickly  by  ‘ striking.’  Depo- 
sition is  then  continued  more  slowly  for  10-15 
minutes.  The  deposit  is  very  hard  and  with- 
stands the  printing  process  much  better  than 
copper.  When  the  deposit  shows  signs  of  wear 
by  the  exposure  of  copper,  the  metal  is  simply 
and  readily  removed  by  immersion  for  a short 
time  in  a 5-10  p.c.  sulphuric  acid.  By  voltaic 
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action  the  iron  is  soon  dissolved  from  the  plate,  i 
and,  after  a light  scouring  with  a fibre  brush 
and  subsequent  rinsing,  the  plate  is  again 
immersed  in  the  solution  to  receive  a further 
coating  of  iron,  thus  considerably  lengthening 
its  life.  For  a review  of  the  work  done  in  the 
commercial  electro -deposition  of  eadmium,  see 
Mathers  and  Ma,rble,  Trans.  Amer.  Electrochem, 
Soc.  1914,  25,  297  et  seq. 

Of  several  cobalt  solutions  the  following 
yield  the  best  results  : (1)  crystallised  cobalt 
ammonium  sulphate,  200  grams  per  litre  of 
water  ; (2)  cobalt  sulphate,  312  grams  ; sodium 
chloride,  19 ’6  grams ; boric  acid,  nearly  to 
saturation  ; water,  1000  c.c.  From  these  solu- 
tions, cobalt  plates  on  brass,  iron,  steel,  copper, 
tin,  nickel-silver,  lead,  and  Britannia  metal, 
the  coating  being  firm,  adherent,  hard,  and 
uniform.  When  polished,  the  surface,  although 
brilliantly  white,  has  a slight  bluish  tint.  Com- 
pared with  nickel-plating,  the  plating  with 
solution  (1)  is  four  times,  and  with  solution  (2) 
fifteen  times,  more  rapid,  but  the  voltage 
required  is  greater  than  that  used  for  most 
nickel-plating  baths.  Since  cobalt  is  harder  than 
nickel,  a much  thinner  coating  of  cobalt  will 
offer  the  same  protective  coating  as  a greater 
weight  of  nickel  deposit ; thick  deposits  of 
cobalt  are  superior  in  appearance  and  character 
to  those  of  nickel  (Kalmus,  Harper,  and  Saveli, 
J.  Ind.  Eng.  Chem.  1915,  7,  379  ; Chem.  Soc. 
Abst.  1915,  107,  ii.  465). 

Deposition  of  alloys.  {\)  Brass.  From  mixed 
solutions  of  zinc  and  copper  sulphates  with 
the  addition  of  acid,  copper  can  be  completely 
deposited  free  from  zinc,  this  principle  being 
applied  in  electrolytic  analysis  and  also  in 
refining.  With  salts  more  alike  in  stability,  this 
condition  being  attained  in  the  double  cyanide 
w'^olutions,  the  two  metals  are  deposited  simul- 
taneously in  proportions  varying  with  conditions. 
The  cyanides  are  invariably  used  for  this  purpose, 
the  zinc  and  copper  compounds  being  used  in 
about  the  same  quantity.  The  mixed  solution 
may  be  prepared  in  many  ways,  of  which  the 
following  are  in  common  use  : — 

{a)  Treating  solutions  of  the  mixed  sulphates 
with  excess  of  ammonia  and  adding  about  30  p.c. 
more  cyanide  (KCN)  than  is  required  to  decolour- 
ise the  blue  solution. 

(6)  Preparing  a solution  of  potassium 
cyanide  (1-1|-  lbs.  per  gallon)  and  saturating 
about  three-quarters  of  it  with  the  mixed 
carbonates  of  zinc  and  copper,  subsequently 
adding  the  remaining  solution  for  ‘ free  cyanide.’ 

The  solution  may  be  used  warm  or  cold. 
If  cold,  a higher  concentration  is  desirable, 
and  also  a smaller  proportion  of  zinc  compound. 
If  v/arm,  the  zinc  compound  should  be  increased 
and  the  solution  may  be  safely  diluted.  Brass 
anodes  are  used,  which,  in  a warm  solution  with 
a fair  proportion  of  free  cyanide,  dissolve  under 
the  influence  of  the  current.  Lack  of  free 
cyanide  gives  rise  to  the  formation  of  a deposit 
of  the  two  single  compounds  on  the  anode, 
adding  resistance  and  reducing  the  current,  and 
thus  altering  the  colour  of  the  deposit.  The 
colour  and  composition  of  the  deposit  vary 
with  several  conditions.  In  general,  the  con- 
ditions which  demand  a higher  E.M.F.  give  rise 
to  a lighter  deposit  containing  more  zinc,  whilst 
those  which  reduce  the  resistance  of  the  solution 


tend  to  the  production  of  redder  deposits  con- 
taining more  copper.  Thus  more  yellow  deposits 
are  produced  in  cold  dilute  solutions  with  little 
free  cyanide,  whilst  the  copper  in  the  deposit 
is  increased  when  the  solution  is  strengthened  or 
warmed,  or  more  free  KCN  added.  The  com- 
position of  the  deposit  is  controlled  also  by  the 
proportion  of  the  two  metals  in  the  solution, 
and  the  fact  that  from  cyanide  solutions  copper 
and  zinc  are  ordinarily  deposited  in  the  propor- 
tion of  63 '6  of  copper:  32 ’5  of  zinc  accounts 
approxim_atelyfor  the  2 : 1 proportion  in  deposited 
yellow  brass.  The  colour  of  the  deposit  is 
lightened  by  the  addition  of  ammonia  or 
ammonium  carbonate,  these  substances  assisting 
the  solution  of  the  zinc  compound,  which  is  less 
soluble  than  the  copper  compound,  and  pre- 
venting the  formation  of  basic  compounds. 

The  methods  of  deposition  of  brass  follow 
on  the  same  lines  as  those  of  copper  from  the 
cyanide  solution. 

(2)  Other  alloys  are  deposited  to  only  a 
very  limited  extent.  The  choice  of  solutions 
depends  upon  the  ease  of  mixture  of  solutions 
from  which  the  constituents  can  be  separately 
deposited.  Thus  for  bronze,  the  sulphate, 
chloride  and  cyanide  solutions,  are  unsuitable. 
A satisfactory  mixture  can  be  made  from  the 
double  oxalates  of  the  two  metals  with  ammo- 
nium oxalate,  the  solution  being  worked  warm 
with  a bronze  anode.  Similarly,  a solution 
from  which  nickel  silver  may  be  deposited 
may  be  prepared  by  mixing  the  separate  double 
cyanides  of  copper,  zinc,  and  nickel  with  potas- 
sium cyanide,  or  by  dissolving  the  alloy  in 
nitric  acid,  precipitating  the  mixed  carbonates 
and  dissolving  the  mixture  in  cyanide.  The 
deposition  of  these  alloys  is  subject  to  the  same 
conditions  as  for  brass,  attention  being  paid  to 
those  conditions  which  facilitate  the  deposition 
of  the  more  positive  constituents,  viz.  tin,  zinc, 
and  nickel. 

The  electrodeposition  of  zinc  has  of  late  years 
been  extensively  carried  on.  As  a protective 
coating  for  iron  and  steel  an  electro  deposit  has 
great  advantages  over  the  ordinary  process  of 
galvanising.  The  sulphate  solution  is  commonly 
used.  In  some  cases  zinc  anodes  are  employed 
and  these  to  a large  extent  maintain  a constant 
composition  of  solution.  Other  processes  employ 
insoluble  anodes,  resulting  in  the  formation  of 
sulphuric  acid  equivalent  in  quantity  to  the  zinc 
deposited.  The  deposition  of  zinc  from  such 
acid  solutions  demands  special  conditions,  and 
for  general  plating  purposes  the  free  acid  thus 
formed  is  neutralised  by  filtering  the  liquid 
through  zinc  dust.  From  neutral  solutions 
there  is  the  tendency  for  the  formation  of  basic 
compounds  leading  to  the  growth  of  mossy 
deposits.  Such  addition  agents  as  glucose 
beta-naphthol,  &c.,  lead  to  a considerable 
improvement  in  the  character  of  the  deposit. 

Another  extending  application  of  zinc 
deposition  is  found  in  the  recovery  of  zinc 
from  liquors  produced  by  treating  certain  zinc 
ores  with  weak  sulphuric  acid.  The  zinc  is 
usually  present  to  the  extent  of  6-10  p.c.  By 
electrolysis  this  is  reduced  considerably,  and 
the  acid  solution  formed  by  the  use  of  insoluble 
anodes  is  then  used  for  extracting  the  zinc 
compounds  from  a further  quantity  of  ore.  The 
process  has  been  applied  largely  at  Anaconda. 
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Deposition  of  tin  may  be  successfully  carried 
out  from  a number  of  solutions.  The  chloride 
yields  a beautiful  crystalline  deposit,  but 
reguline  deposits  may  be  obtained  from  solutions 
of  the  stannite,  stannate,  or  double  oxalate  with 
ammonium,  with  ease.  They  are  prepared  as 
follows  : — 

( 1 ) The  hydrate  is  precipitated  from  stannous 
chloride  with  alkali,  and  the  precipitate  dissolved 
in  excess  of  alkali. 

(2)  By  converting  the  metal  to  hydrated 
oxide  with  nitric  acid,  and  dissolving  the  washed 
oxide  in  alkali. 

(3)  By  adding  a solution  of  ammonium 
oxalate  to  tin  chloride,  A white  precipitate  first 
forms,  and  this  is  soluble  in  excess. 

Solutions  containing  from  1 to  2 ozs.  of  metal 
per  gallon  are  of  convenient  strength.  From 
these  solutions  tin  may  be  obtained  as  a reguline 
deposit  within  certain  limits  of  current  density. 
Excessive  current  produces  a grey  spongy 
deposit,  which  may,  however,  be  considerably 
improved  by  the  addition  of  a small  aruount  of 
glue  or  gelatine,  thereby  extending  the  limit 
of  allowable  current.  Solutions  of  moderate 
strength  yield  metal  quantitatively,  and  the 
anode  suffers  normal  corrosion,  maintaining  the 
strength  of  the  electrolyte.  The  dull  white  de- 
posit is  improved  by  gentle  scratch-brushing 
with  a soft  brush.  Tin  may  also  be  deposited 
without  the  current  by  using  an  oxalic  acid 
solution  to  which  tin  chloride  is  added.  The 
metal  is  deposited  by  simple  immersion,  and 
the  process  may  be  improved  by  the  addition 
of  grain  tin  with  the  work,  which  facilitates 
deposition  by  local  voltaic  action,  while  tin 
passes  into  the  solution.  The  process  is  hastened 
by  immersing  the  small  work  in  zinc  trays,  the 
zinc  passing  into  the  solution  as  an  anode.  In 
this  case  the  solution  must  be  replenished  with 
tin  chloride,  and  rejected  when  any  large  amount 
of  zinc  has  accumulated  in  it. 

The  deposition  of  lead  may  be  similarly 
effected  from  alkaline  solutions,  which  yield 
reguline  deposits,  whilst  the  acetate  produces  the 
well-known  crystalline  deposit.  The  process 
has  but  little  application,  but  more  recently  the 
deposition  of  the  metal  has  been  successfully 
applied  by  Betts  to  the  refining  of  the  metal. 
The  electrolyte  is  a solution  of  lead  fluosilicide, 
which  may  be  made  by  dissolving  the  oxide  or 
carbonate  in  the  acid.  With  unrefined  anodes 
the  lead  passes  into  solution,  whilst  silver  is 
retained  in  the  anode  mud.  Good  reguline 
■deposits  are  obtained  by  the  addition  of  glue 
or  gelatine  in  small  amount. 

More  recently,  lead  perchlorate  has  been 
■successfully  used.  Perchloric  acid  is  prepared 
from  the  sodium  salt  with  a slight  excess  of 
hydrochloric  acid.  Insoluble  sodium  chloride 
is  filtered  off  and  the  acid  liquid  evaporated 
down  to  135°  C.  until  excess  of  hydrochloric 
acid  is  expelled.  The  perchloric  acid  solution 
is  diluted  and  neutralised  with  litharge,  a small 
proportion  of  the  acid  being  set  aside  to  add 
to  the  lead  perchlorate  solution,  so  that  lead 
and  free  acid  are  present  to  the  extent  of  about 
5 p.c.  each.  Very  satisfactory  deposits  are 
obtained  from  this  solution,  especially  with  the 
addition  of  peptone  in  the  proportion  of  0'05 
p.c.,  and  deposits  of  considerable  thickness  may 
thus  be  produced.  With  moderate  current 
VoL.  II.— r. 


densities  deposition  proceeds  almost  quantita- 
tively, and  this  with  the  high  chemical  equivalent 
of  lead  has  suggested  its  use  for  voltmeter 
purposes. 

A feature  of  lead  deposition  is  the  production 
of  lead  peroxide  at  the  anode.  This  has  long 
been  known,  and  the  production  of  coloured 
rings  and  films  was  first  observed  by  Nobili,  in 
1826.  Thus  in  a solution  of  lead  acetate,  or  of 
litharge  in  alkali,  and  a polished  anode  of  nickel 
or  iron,  coloured  rings  are  obtained  if  a wire 
cathode  is  held  close  to  the  anode.  The  colours 
are  due  to  the  gradually  varying  thickness  of 
the  film,  which  brings  about  interference  in  the 
light  falling  upon  them.  With  anodes  of  other 
shapes  the  colours  follow  the  shape  of  the 
anode,  though  they  pass  off  into  a more  or  less 
rounded  form.  These  colours  are  called  ‘ metallo- 
chromes.’  With  excessive  current  a dull- brown 
deposit  of  lead  peroxide  is  at  once  formed. 

Anodic  deposition  of  lead  peroxide  is  also 
applied  in  the  estimation  of  small  amounts  of 
lead  in  certain  alloys  from  solutions  containing 
nitric  acid. 

The  deposition  of  platinum  is  carried  out  from 
a solution  of  the  chloride  in  sodium  phosphate. 
A platinum  anode  is  insoluble  and  the  solution 
needs  the  addition  of  the  platinum  compound. 
A brown  colour  sometimes  occurs  owing  to  some 
of  the  metal  passing  into  the  colloidal  form. 

Palladium  may  be  successfully  deposited 
from  a solution  of  its  double  chloride,  and  the 
process  has  been  applied  by  Cowper-Coles  for 
producing  a non-corrodible  covering  for  electro- 
lytically  deposited  parabolic  mirrors  in  copper. 

Cobalt  deposition  follows  on  lines  similar  to 
those  for  nickel ; mercury,  which  may  be  deposited 
from  the  nitrate  solution,  has  been  applied  to 
the  construction  of  electrolytic  meters,  in 
which  a small  and  definite  fraction  of  the  total 
current  is  shunted  through  a cell  in  which 
mercury  is  deposited,  the  weight  of  the  mercury 
deposit  automatically  recording  the  current 
passing  through  the  meter,  and  at  constant 
potential  difference  the  energy  absorbed  in  the 
circuit.  ' S.  F. 

ELECTRUM  v.  Nickel. 

ELEMI  V.  Oleo-kesiks. 

ELEMI,  ESSENTIAL  OILS  OF,  v.  Oleo- 

BESIKS. 

ELEMICIN  (3:4:  5-trimethoxyallylbenzene). 
A constituent  of  the  essential  oil  of  elemi  has 
been  synthesised  by  Mauthner  (Annalen,  1917, 
414,  250)  by  condensing  allyl  bromide  and 
pyrogallol-2  : 6-dimethyl  ether,  which  yields 
2 : 6 -dimethoxy phenyl  allyl  ether  (I.),  which, 
by  heating  at  220°  is  converted  into  2 : 6-di- 
methoxy-4-allyxphenol  (II.);  this,  on  methyla- 
tion,  yields  elemicin  (III.)  : — 
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ELEMOL,  CigHgeO,  a naturally-occurring 
monocyclic  sesquiterpene  alcohol  found  in 
Manilla  elemi  oil ; b.p.  l52°-l56°/n  mm.  ; 
j)2o  0*9411;  Tijy  1*5030;  ajy—5°.  Forms  a 

benzoate;  b.p.  214°-218710  mm.;  1-0287  ; 
Ujy  1*5378;  a^— 6°.  Elemol,  when  reduced  by 
means  of  formic  acid,  sodium  hydrogen  sulphate, 
or  zinc-dust,  yields  Elemene  C15H24  ; b.p.  115°- 
117710  mm.  ; 0*8797  ; 1*4971. 

Elemol  is  the  first  monocyclic  sesquiterpene 
alcohol  to  be  found  in  Nature  or  to  be  obtained 
artificially  (Semmler  and  Liao,  Ber.  1916,  49, 
794). 

ELIQUATION  or  LIQUATION.  A metallur- 
gical term  to  denote  the  operation  of  separating 
substances  by  taking  advantage  of  their  different 
fusibilities. 

ELL  AGIO  ACID.  EUagic  acid,  C14H6O8,  is 
obtained  from  numerous  tannin  matters  which 
contain  an  ellagitannin  by  boiling  the  aqueous 
extract  with  dilute  sulphuric  acid.  In  many 
cases  it  is  found  in  the  free  state,  due  probably 
to  the  hydrolysis,  by  fermentation,  of  the 
ellagitannin  or  ellagic  acid  glucoside  originally 
present,  and  such  a fermentation  frequently 
occurs  when  aqueous  extracts  of  the  tannin 
matters  are  allowed  to  stand  for  some  time. 

Divi-divi  {Ccesalpinia  coriaria  [Willd.])  (Lowe, 
Zeitsch.  anal.  Chem.  1876,  14,  40),  myrobalans 
{Terminalia  chebula  [Ratz.])  (Lowe,  ibid.), 
algarobilla  {CcBsalpinia  brevifolia)  (Zolffel,  Beil- 
stein,  2,  1085),  and  valonia  {Quercus  aegilops 
[Linn.])  yield  considerable  quantities  of  ellagic 
acid,  and  are  the  best  natural  sources  of  this 
material.  It  has  also  been  isolated  from  oak 
galls  (Chevreul,  Ann.  Chim.  Phys.  1828,  [2]  9, 
329)  ; oak  bark  (Etti,  Montash.  1880,  1,  226)  ; 
the  bark  of  Picea  excelsa  (Link.)  (Strohmer, 
ibid.  1881,  2,  539)  ; pomegranate  rind  (Bembold, 
Annalen,  1867,  143,  288)  ; Quebracho  Colorado 
(Perkin  and  Gunnel,  Chem.  Soc.  Trans.  1896, 
69,  1307)  ; Arctostaphylos  uva-ursi  (Spreng.) 
and  Coriaria  myrtifolia  (Linn.)  (Perldn,  ibid. 
1900,  77,  424)  ; Hcematoxylon  campeachianum 
(Linn.)  (Perkin,  ibid.  1897,  71,  1137)  ; the  fruit 
of  Ccesalpinia  digyna  (Rottl.)  (Nierenstein, 
Chem.  Zeit.  1909,  87)  ; and  the  bark  of  Termin- 
alia catappa  (Linn.)  [ibid.).  In  fact,  ellagic  acid 
probably  always  occurs,  if  only  in  minute 
quantity,  in  all  plant  products  which  contain 
gallotannin.  Most  interesting  are  the  Oriental 
bezoar  stones,  concretions  which  are  found  in 
the  stomachs  of  goats  and  other  animals,  and 
consist  largely  of  ellagic  acid.  These  originate, 
without  doubt,  from  the  fact  that  the  animal 
has  fed  upon  plants  in  which  some  quantity  of 
an  ellagitannin  is  present. 

Ellagic  acid  was  first  discovered  by  Chevreul 
(Ann.  Chim.  Phys.  l.c.)  in  oak  galls,  and  more 
closely  examined  by  Braconnot  {ibid.  9,  187). 
According  to  Pelouze,  it  possessed  the  com- 
position C7H4O4  {ibid.  54,  356)  ; whereas 

Merklein  and  Wohler  (Ann.  Chem.  Pharm. 
55,  129),  who  isolated  it  from  bezoar  stones  and 
termed  it  ‘ bezoaric  acid,’  showed  that  its  true 
formula  is  C44llg08. 

The  precipitate  of  crude  ellagic  acid,  which 
is  produced  by  boiling  the  tannin  extract  with 
dilute  mineral  acid,  is  purified  by  washing  with 
alcohol  and  subsequent  recrystallisation.  A 
similar  procedure  is  also  satisfactory  with  the 


deposits  so  frequently  produced  by  fermentation 
and  alluded  to  above.  EUagic  acid  is  most 
readily  crystallised  from  pyridine  (Perkin  and 
Nierenstein,  Chem.  Soc.  Trans.  87,  1416),  and 
the  product,  which  is  either  a pyridine  com- 
pound or  contains  pyridine  of  crystaUisation,  is 
washed  with  alcohol. 

Lowe  (Zeitsch.  Chem.  1868,  4,  653)  was  the 
first  to  prepare  ellagic  acid  synthetically  by 
oxidising  gallic  acid  with  arsenic  acid,  and  this 
was  subsequently  accomplished  by  Ernst  and 
Zwenger  (Annalen,  1871,  159,  32)  by  heating 
ethyl  gallate  with  sodium  carbonate  solution 
in  the  presence  of  air^  and  by  Griessmayer 
{ibid.  1871,  160,  55)  by  heating  gallic  acid  with 
water  and  iodine.  It  is  readily  produced  by 
oxidising  gallic  acid  dissolved  in  acetic  acid  by 
means  of  potassium  persulphate  and  sulphuric 
acid  (Perkin  and  Nierenstein,  l.c.),  and  together 
with  flavellagic  acid  by  the  addition  of  potassium 
persulphate  to  a solution  of  gallic  acid  in  sul- 
phuric acid  (Perkin,  ibid.  1906,  89,  251).  Under 
similar  conditions,  gallotannin  produces  ellagic 
acid  (Nierenstein,  Ber.  1908,  41,  3015 ; and 
1909,  42,  353),  and  it  can  also  be  prepared  by 
boUing  the  tannin  with  hydrogen  peroxide 
solution  {ibid.  1907,  40,  917).  Herzig  and 
Bronneck  obtained  good  results  by  passing  air 
through  an  ammoniacal  solution  of  gallic  acid 
ethyl  ester,  and  also  of  gallotannin  (Monatsh. 
1908,  29)  ; whereas  Sisley  (Bull.  Soc.  chim.  1909, 
[4]  5,  727)  prepared  ellagic  acid  from  tannin  by 
means  of  alcoholic  potassium  hydroxide  solution. 
According  to  Bupe,  a 60  p.c.  yield  is  produced 
when  gallic  acid  in  sulphuric  acid  solution  is 
oxidised  with  sodium  nitrite  (Chemie  d.  naturl. 
Farbstoffe,  1909,  2 162). 

Ellagic  acid  crystallised  from  pyridine  forms 
prismatic  needles,  which  are  converted  by  alcohol 
into  a pale  yellow  crystalline  powder  ; but  when 
purified  by  means  of  its  acetyl  derivative,  the 
product  is  almost  colourless  (Perkin  and  Nieren- 
stein). It  is  very  sparingly  soluble  in  all  the 
usual  solvents,  dissolves  in  alkaline  solutions 
with  a pale  yellow  colour,  and  from  these 
liquids,  when  diluted  with  hot  alcohol,  is 
deposited  on  acidifying  in  a crystalline  con- 
dition. When  heated  it  does  not  melt  below 
360° ; and  sublimes  at  higher  temperatures 
with  considerable  carbonisation.  With  nitric 
acid  containing  nitrous  acid  and  subsequent 
dilution,  it  gives  a blood-red  colouration  (Griess- 
mayer’s  reaction),  and  this  property,  considered 
at  one  time  to  be  characteristic,  is  known  to  be 
also  possessed  by  flavellagic  acid  (Perkin). 

According  to  Merklein  and  Wohler  (l.c.),  the 
alkaline  solution  of  ellagic  acid  becomes  reddish- 
yellow  on  exposure  to  air,  and  deposits  black 
crystals  of  potassium  glaucomelanate 

KA2H14OV 

When  boiled  with  phenylhydrazine  in  alcoholic 
solution,  or  when  carefully  heated  with  phenyl- 
hydrazine, ellagic  acid  forms  the  product 
CgH6NH*NH2,Ci4lIg08,  which  crystallises  in 
yellow  needles,  and  is  readily  reconverted  into 
ellagic  acid.  Ellagic  acid  gives  similar  com- 
pounds with  aniline  and  quinoline  ( Golds  chmiedt, 
Monatsh.  1905,  26,  1139). 

Tetraacetylellagic  acid,  Ci4H208(C2H30)4, 
(Barth  and  Goldschmiedt,  Ber.  1878,  11,  846  ; 
Schiff,  ibid.  1879,  12,  1534 ; Zolfiel,  Arch. 
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Pharm.  229,  123),  colourless  needles,  m.p. 

343°-346°  (Perkin  and  Nierenstein)  ; tetra- 
benzoylellagic  acid  Ci4H208(C7H50)4,  colourless 
needles  (Goldschmiedt  and  Jahoda,  Monatsh, 
1892,  13,  151),  m.p.  332°-333°  (Perkin)  ; ellagic 
acid  monomethyl  ether  04411507(00113),  yellow 
crystalline  powder  (Goldschmiedt,  Monatsh. 
1905,  26,  1139)  ; diacetylellagic  acid  monomethyl 
ether  04  4H3O7(O0Il3)(02H3O)2,  crystalline  pow- 
der (Goldschmiedt)  ; ellagic  acid  dimethyl  ether 
04411405(00113)2,  crystalline  powder  (Gold- 
schmiedt) ; and  ellagic  acid  tetramethyl  ether 
04411204(00113)4,  colourless  microscopic  needles 
(Goldschmiedt ; Herzig  and  Poliak,  Monatsh. 
1908,  29,  263),  have  been  described. 

Ellagic  acid  gives  the  following  salts  : 
KG44H5O8,  minute  yellow  needles  (Perkin  and 
Wilson,  Chem.  Soc.  Trans.  1903,  83,  134)  ; 
K2C44H4O8,  prisms  (Merklein  and  Wohler ; 
Perkin  and  Wilson)  ; K2G4  4ll408,K0H,  micro- 
scopic prisms  (Merklein  and  Wohler)  ; 

Na2Gj4H408 

crystalline  powder ; NaG44H508,H20,  yellow 

needles  (Ernst  and  Zwenger,  Annalen,  1871, 
159,  32). 

The  tinctorial  properties  of  ellagic  acid  are 
somewhat  feeble,  but  in  1887  it  . was  placed  on 
the  market  by  Messrs.  Meister,  Lucius,  and 
Briining,  under  the  name  of  ‘ Alizarin  Yellow  in 
paste,’  and  was  recommended  as  yielding,  with 
chromium  mordants,  greenish-yellow  shades  of 
considerable  permanence. 

Rembold  (Annalen,  1867,  143,  288)  states 
that  when  ellagic  acid  is  treated  with  sodium 
amalgam,  it  gives  '^-hexahydroxydi'phenyl 

C42H4(OH)e 

three  distinct  rufohydroellagic  acids  C44H4QO6, 
C14H40O7,  C44H4QO9,  and  glaucohydroellagic 

acid  ; but,  according  to  Nierenstein  (Ber.  1908, 
41,  1649),  this  latter  compound  is  in  reality  the 
pentahydroxydiphenylmethylolid  referred  to 
later.  By  the  action  of  boiling  potassium 
hydroxide  solution  (Barth  and  Goldschmiedt, 
Ber.  1879,  12,  1242),  ellagic  acid  gives  hexa- 
hydroxydi'phenylenelcetone  (?)  C43II8O7,  by  fusion 
with  potassium  hydroxide  ^-hexahydroxydi- 
fhenyl,  and  by  fusion  with  sodium  hydroxide 
y-hexahydroxydi'phenyl,  together  with  some  of 
the  d-  compound. 

When  ellagic  acid  is  distilled  with  zinc-dust 
fluorene  is  produced  (Rembold,  Ber.  8,  1494  ; 
Barth  and  Goldschmiedt,  ibid.  11,  846  ; cf.  also 
Graebe,  ibid.  1903,  36,  212). 

As  a result  of  their  investigation,  Barth  and 
Goldschmiedt  [ibid.  1879,  12,  153)  suggested 
that  ellagic  acid  could  be  represented  by  one  of 
the  two  following  formulae  ; — 


H 

H 

/Ce-(OH)3 

/Ce-(OH) 

(1)  €0/| 

\€e-(OH)2 

(2)  €0<  1 >0 
X-(OH) 

1 >0 

€0 

COOH 

and  of  these  the  first 

was  preferable. 

Whereas  such  a constitution  requires  the 
presence  of  five  hydroxyl  groups,  Schiff  (Ber. 
1879,  12,  1534)  considered  that  acetylellagic 
acid  was  €44112(021130)408,  and  this  was 
subsequently  corroborated  by  Zolffel  (Arch. 


Pharm.  229,  123).  Schiff,  at  the  same  time, 
proposed  two  formulae  for  ellagic  acid  : 


(1) 


C5H(0H)2 


CeH(OH)2 


CO\ 

O-I-Ac^H(OH), 

(2)  I 0.  I 

CO^  C,H(OH)., 


the  latter  of  which  is  identical  with  that  pre- 
ferred by  Graebe  (l.c.).  In  a later  investigation, 
Goldschmiedt  and  Jahoda  (Monatsh.  13,  49),  as 
the  result  of  their  preparation  of  tetrabenzoyl- 
ellagic  acid,  were  satisfied  of  the  existence  in 
ellagic  acid  of  but  four  hydroxyls,  and  con- 
sequently adopted  their  second  formula. 

Graebe  (Ber.  1903,  36,  214),  among  other 
criticisms,  pointed  out  that  a substance  having 
this  constitution,  and  which  may  be  niore  clearly 
written  as  follows  (1)  : — 


would  yield,  on  distillation^with^zinc-dust,  not 
fluorene,  but  an  isomeric  hydrocarbon  (2),  if 
this,  indeed,  were  capable  of  existence.  In  the 
same  paper  this  author  announced  the  interesting 
fact  that  diphenylmethylolid 


on  distillation  with  zinc-dust,  gives  not  only 
diphenyl  and  methyldiphenyl,  but  also  fluorene  ; 
and  in  a theoretical  discussion  of  the  subject, 
suggested  that  Schifi’s  second  formula  (given 
above)  most  probably  represents  the  true  con- 
stitution of  this  substance. 

The  subject  was  reinvestigated  somewhat 
later  by  Perkin  and  Nierenstein  {l.c.),  who,  on 
digesting  ellagic  acid  with  boiling  potassium 
hydroxide  solution,  obtained  Barth  and  Gold- 
schmiedt’s  so-called  hexahydroxydiphenylene- 
ketone  C43H8O7.  From  this  substance  a penta- 
acetyl  derivative  €4311307(021130)5,  prismatic 
needles,  m.p.  224°-226°,  and  a pentabenzoyl 
derivative,  C43ll307(€7ll50)5,  plates,  m.p.  257°- 
259°,  were  prepared.  As,  moreover,  zinc-dust 
distillation  gave  fluorene,  there  could  be  little 
doubt  that  this  compound  was  in  reality 
'pentahydroxydiphenylmethylolid,  as,  indeed,  was 
surmised  by  Graebe  : 


0—00 


HOf 


H0\y  OH 


0 

OH 


OH 


From  their  results,  together  with  a study  of 
other  similar  compounds,  Perkin  and  Nierenstein 
consicfered  that  Schiff’s  formula,  and  which  can 
be  more  clearly  written  thus  : 


is  a correct  representation  of  the  constitution  of 
ellagic  acid. 
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Finally,  Herzig  and  Poliak  (Monatsli.  1908, 
29,  263),  by  a study  of  the  methylation  products 
of  ellagic  acid,  obtained  results  further  corro- 
borating this  constitution. 

When  Goldschmiedt’s  tetramethylellagic  acid 
is  digested  with  alcoholic  potash  and  methyl 
iodide,  di'phenyl-l  : 2 : 3 : 6 : 7 : 8-hexamethoxy-5  : 
10 -di- carboxylic  methyl  ester  (m.p.  109°-111°)  : 


(1) 


GOOCH, 


OCH3 

',OCH 


CH,0[«  7 ®jOCH 


COOCH.l*  ^ ^jOCH 


OCH, 


is  obtained,  together  with  a small  quantity  of 
diphenylmethylolid-^  : 3 : 6 : 7 : 8 - 'pentamethoxy-b- 
carboxylic  acid  methyl  ester  (2),  m.p.  187°-189°  : 


and  more  recently  Bleuler  and  Perkin  {ibid. 
1916,  109,  530)  have  prepared  it  by  heating 
gallic  acid  at  11()°-120°  with  arsenic  and  sulphuric 
acids. 

Elavellagic  acid  crystallises  from  pyridine 
in  small  yellow  prismatic  needles  which  contain 
pyridine,  and  do  not  melt  below  360°.  With 
nitric  acid  containing  nitrous  acid  and  subse- 
quent dilution,  it  gives  the  blood-red  colouration 
(Griessmayer  reaction),  which  is  also  produced 
by  ellagic  acid.  Dilute  alkalis  dissolve  it  with 
a yellowish-green  colouration,  and  by  distillation 
with  zinc -dust  fluorene  is  produced.  Acetyl- 
flavellagic  acid  Ci4H09(C2H30)5,  colourless 
needles,  melts  at  317°-319°,  and  benzoylflavellagic 
acid  C44H09(C7H50)5,  prismatic  needles,  melts 
at  287°-289°.  Elavellagic  acid  dyes  mordanted 
woollen  cloth  shades  somewhat  resembhng  but 
stronger  than  those  produced  by  ellagic  acid. 

Chromium.  Aluminium.  Tin.  Iron. 

Yellowish-  Pale  greenish-  Pale  Dark  olive- 
olive.  yellow.  yellow.  brown. 


By  means  of  alcoholic  potash,  these  com- 
pounds (1)  and  (2)  yield  respectively  diphenyl- 
1 : 2 : 3 : 6 : 7 : 8-hexamethoxy-5  : lO-dicarboxylic  acid 

(3) ,  m.p.  238°-240°,  and  diphenyl-2> : 3 : 6 : 7 : 8- 
pentamethoxy-\-hydroxy-h  : \0-dicarboxylic  acid 

(4) ,  m.p.  200°-203°  : 


(3) 


COOH 

(4)  f ] 

CHgO^/'OCHg  COOH 

OCH3 

Ellagic  acid  is  probably  not  a tanning  material 
in  the  true  sense  of  the  term,  but  is  of  consider- 
able importance  nevertheless  in  the  tanning 
process.  Thus  the  ellagitannic  acid  absorbed 
by  the  hide  is  at  least  in  part  converted  into 
ellagic  acid,  and  the  deposit  thus  formed  adds 
weight  and  bloom  to  the  finished  article. 

Other  members  of  this  group  have  been  pre- 
pared from  w-hydroxybenzoic  acid,  p-hydroxy- 
benzoic  acid,  proto-catechuic  acid,  sym.  dihy- 
droxybenzoic  acid,  gallic  acid,  and  from  ellagic 
acid  itself.  An  account  of  these  is  given  below. 

Elavellagic  Acid. 

Elavellagic  acid  C44Hg09  is  obtained  in  eon- 
junction  with  ellagic  acid  when  gallic  acid  is 
oxidised  with  potassium  persulphate  and 
strong  sulphuric  acid.  By  the  employment  of 
a dilute  acid,  flavellagic  acid  almost  free  from 
ellagic  acid  can  be  produced,  and  for  this  pur- 
pose the  following  process  is  recommended 
(A.  G.  Perkin,  Chem.  Soc.  Trans.  1906,  89,  251)  : 
20  grams  of  gallic  acid  are  treated  with  160  c.c. 
of  96  p.c.  sulphuric  acid,  66  c.c.  of  water  added, 
and  the  hot  solution  thus  obtained  is  cooled  to 
50°,  and  maintained  at  this  temperature  during 
the  gradual  addition  of  40  grams  of  potassium 
persulphate.  A.  G.  Perkin  and  E.  M.  Perkin 
(Chem.  Soc.  Trans.  1908,  93,  1194)  have  obtained 
the  same  compound  by  the  electrolytic  oxidation 
of  gallic  acid  in  the  presence  of  sulphuric  acid, 


f^YOCH, 


By  the  action  of  boiling  50  p.c.  potassium 
hydroxide  solution,  flavellagic  acid  gives  hexa- 
hydroxydiphenylmethylolid 

0— CO--. 

HO/  \ /\OH 

Hol^  HOs^^loH 

OH 

colourless  needles  (m.p.  above  300°).  This 
compound  dissolves  in  solutions  of  the  alkali 
hydroxides  with  an  orange-yellow  tint,  and  this, 
on  dilution  with  water  and  exposure  to  air, 
develops  a strong  bluish-violet  colouration.  The 
acetyl  derivative  Cj3H20g(C2H30)g,  colourless 
prismatic  needles,  melts  at  232°-234°.  Elavell- 
agic acid  is  hydroxyellagic  acid,  and  possesses 
the  following  constitution  : — 

0— CO-/. 

HO/\ 

Hot^CO— ot^^'oH 

OH 

{cf.  Herzig  and  Tscherne,  Monatsh.  1908, 
29,  281). 

Elavellagic  acid  gives  with  diazomethane 
the  methyl  ether  C44H04(0Me)g,  m.p.  245° ; 
and  this  is  converted  by  methyl  iodide  and  potas- 
sium hydroxide  into  methyl-8  :4:5:6:2':3G4'- 
heptamethoxydiphenyl-2  : 0' -dicarboxylate 
Ci2H(0Me)7(C02Me)2  • 

m.p.  83°-87°.  The  latter,  on  hydrolysis  with 
potassium  hydroxide,  yields  the  acid 

C42H(0Me)7(C02H)2 

m.p.  163°-167°,  in  the  anhydrous  condition. 
Erom  water  it  crystallises  with  IHoO  and  then 
melts  at  95°-100°  (decomp.)  (M.  von  Bronneck, 
Monatsh.  1908,  29,  281). 

When  gallic  acid  3 ; 4-dimethylether,  or  gallic 
acid  trimethylether  is  oxidised  by  means  of 
potassium  persulphate  and  sulphuric  acid  at 
45°  (Herzig  and  Schmidinger,  Monatsh.  1910, 
31,  918),  flavellagic  acid  tetramethylether 

/wO CO-. 

CHgO^ /\  OH 

CHaol^-CO— O— fJoCH, 
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yellow  needles,  m.p.  270'^- 271°,  is  produced, 
the  acetyl  derivative  of  which  melts  at  270°-271°. 
By  means  of  methyl  sulphate  and  potassium 
hydroxide,  the  heptamethoxy  compound  is 
obtained. 


CCERULEOEIXAGIC  ACID. 


Coeruleoellagic  acid  is  prepared  by  heating 
ellagic  or  flavellagic  acid  (1  part)  with  sulphuric 
acid  (monohydrate  10  parts)  to  200°  and  allowing 
the  temperature  to  fall  to  185°- 190°  and  remain 
there  for  30  minutes.  The  product  isolated 
by  pouring  into  water  is  purified  by  conversion 
into  its  acetyl  derivative,  and  this  is  subsequently 
hydrolysed  by  means  of  sulphuric  acid  in  the 
presence  of  acetic  acid.  It  may  also  be  obtained 
by  the  oxidation  of  ellagic  or  flavellagic  acids 
(1  part)  in  sulphuric  acid  solution  (10  parts) 
with  arsenic  acid  (1  part)  at  100°-130°  (Perkin, 
Chem.  Soc.  Trans,  1916,  109,  529). 

Coeruleoellagic  acid,  Ci4HgOjo,  separates  from 
hot  pyridine  in  small  pale  yellow  prismatic 
needles  which  melt  above  360°  and  are  very 
sparingly  soluble  in  the  usual  solvents.  Con- 
centrated solutions  of  the  alkali  hydroxides 
dissolve  it  with  a greenish-yellow  colour,  which 
on  dilution  become  green  and  finally  of  a blue 
colour,  and  these  changes  appear  to  arise  from 
oxidation.  Sodium  and  potassium  carbonate 
solutions  also  give  blue  liquids.  On  distillation 
with  zinc -dust  fluorene  is  produced. 

Acetylcceruleoellagic  acid,  C440io(C2H30)g, 
colourless  needles,  m.p.  330°-332°,  and  henzoyl- 
ccendeoellagic  acid  C44Hj(j(C7H50)g,  m.p.  343°- 
345°,  have  been  prepared.  The  latter  is  more 
sparingly  soluble  in  benzoic  anhydiide  than  the 
corresponding  derivative  of  flavellagic  acid,  and 
this  property  provides  a means  for  the  separation 
of  the  two  substances. 

By  digestion  with  50  p.c.  potassium  hydroxide 
solution  diluted  with  its  own  volume  of  alcohol, 
coeruleoellagic  acid  gives  a compound  CjaHjgOg, 
evidently  octohydroxydi'plienyl.  This  consists 
of  an  almost  colourless  crystalline  powder, 
soluble  in  dilute  potassium  hydroxide  solution, 
with  a reddish-violet  colouration  which  becomes 
brown  on  exposure  to  air.  The  acetyl  derivative 
C42ll208(C2ll30)8  forms  colourless  needles 
melting  at  177°-178°. 

The  constitution  assigned  to  coeruleoellagic 
acid  is  as  follows  : — ■ 


OH  OH 

H0/\— 0— CO— /NoH 

0- 


OH 


a formula  v/hich  represents  it  as  either  a dihy- 
droxy-ellagic  or  hydroxy  flavellagic  acid. 

Coeruleoellagic  acid  possesses  well-marked 
dyeing  properties  of  a similar  character,  though 
more  strongly  developed  than  those  of  ellagic 
and  flavellagic  acids,  and  may  have  practical 
utility.  Owing  to  its  sparing  solubility  it  gives 
the  best  results  in  the  paste  form.  The  following 
shades  are  obtained  by  the  employment  of 
mordanted  woollen  cloth  : — 


Chromium.  Aluminium.  Tin.  Iron. 

Deep  olive-  Greenish-  Dull  Greenish- 
yellow.  yellow.  yellow.  black. 

In  the  case  of  the  aluminium  mordant  the 


employment  of  chalk  in  the  dye- bath  exerts  a 
detrimental  effect. 


Catellagic  Acid. 


Schiff  (Ber.  12,  2590)  on  heating  proto- 
catechuic  acid  with  arsenic  acid,  obtained  a 
substance  which  he  named  catellagic  acid,  and 
to  this  he  assigned  the  formula  C44H4QO7  or 
C14H8O7.  Perkin  and  Nierenstein  (Chem.  Soc. 
Trans.  1905,  87,  1417)  obtained  a similar  sub- 
stance by  the  oxidation  of  protocatechuic  acid, 
and  also  parahydroxy benzoic  acid  with  potas- 
sium persulphate  and  sulphuric  acid.  According 
to  the  latter  authors,  catellagic  acid  C44HgOg 
crystallises  from  pyridine  in  colourless  needles, 
which  melt  above  360°,  and  sublime  with  but 
moderate  carbonisation  at  higher  temperatures. 
Solutions  of  the  alkali  hydroxides  dissolve  it  with 
a pale  yellow  colour,  and  with  nitric  acid  it 
gives  a magenta  coloured  liquid,  Diacetyl- 
catellagic  acid,  colourless  prismatic  needles,  melts 
at  322°-324°. 

Catellagic  acid,  by  distillation  with  zinc- 
dust,  gives  fluorene,  and  is  closely  related  to 
ellagic  acid.  Its  constitution  (Perkin  and 
Nierenstein)  may  be  expressed  as  follows  : — 


— 0— — CO— ^ 

ho/N 


-CO— 0- 


OH 


From  the  oxidation  products  of  parahydroxy- 
benzoic  acid,  Perkin  and  Nierenstein  isolated, 
in  addition  to  catellagic  acid,  a ^ second  com- 
pound C44H80g,  colourless  needles,  m.p.  above 
360°.  This,  which  gives  the  diacetyl  derivative 
C44Hg06(C2H30)2,  colourless  needles,  m.p.  267°- 
268°,  and  by  distillation  with  zinc-dust  fluorene, 
possesses  the  formula  : 


OH 


and  evidently  originates  from  the  interaction  of 
one  molecule  of  protocatechuic  acid  and  one  of 
parahydroxybenzoic  acid. 


Metellagic  Acid. 

Metellagic  acid  (Perkin  and  Nierenstein, 
Chem.  Soc.  Trans.  1905,  87,  1425)  is  obtained 
in  small  amount  together  with  other  substances 
by  oxidising  metahydroxybenzoic  acid  in  sul- 
phuric acid  solution  with  potassium  persulphate 
at  about  30°.  The  product  is  fractionally 
crystallised  from  acetic  acid,  the  second  crop 
acetylated,  the  acetyl  derivative  thus  obtained 
purified  by  repeated  crystallisation  from  acetic 
anhydride  and  hydrolysed  with  sulphuric  acid  in 
the  usual  manner. 

Metellagic  acid  C44Hg05  crystallises  from 
acetic  acid  in  colourless  needles  which  readily 
sublime  at  high  temperatures.  With  caustic 
alkaline  solutions  it  behaves  similarly  to  catel- 
lagic acid  giving  a j/cllow  colour  which  is  dis- 
charged on  heating.  Distilled  with  zinc -dust 
a small  quantity  of  a crystalline  hydrocarbon  is 
produced  which  appears  to  be  identical  with 
fluorene.  Acetylmetellagic  acid  Cj4H505(C2H30) 
crystallises  in  colourless  leaflets,  m.p.  269°-271°. 
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The  reactions  of  metellagic  acid  are  in 
harmony  with  those  required  by  a member  of 
the  ellagic  acid  series,  and  the  following  formula 
assigned  to  it  is  probably  correct : — 


OH 


In  the  mother  liquors  obtained  during  the 
purification  of  acetyl  metellagic  acid,  a second 
acetyl  compound,  m.p.  237°-243°,  was  isolated. 
This  on  hydrolysis  gave  a substance  crystallising 
in  glistening  yellow  needles,  the  nature  of 
which  has  not  been  ascertained. 

By  the  oxidation  of  suitable  hydroxybenzoic 
acids,  a series  of  hydroxydiphenyldimethyloid 
derivatives  have  thus  been  prepared,  viz.  : — 

Metellagic  acid  Ci5H504(0H) 

Catellagic  acid  Ci5H404(0H)2 
Resofiavine  C44H304(0H)3 
Ellagic  acid  C^4H204(0H)4 
Flavellagic  acid  C44H04(0H)5 
Coeruleoellagic  acid  C4404(0H)g 

A.  G.  P. 

ELLAGITANNIC  ACID.  A tanning  prin- 
ciple present  in  divi-divi  (Lowe,  Frdl.  14,  35)  ; 
in  algarobilla  (Zolffel,  Arch.  Pharm.  229,  123)  ; 
in  myrobalans  (Lowe,  lx.  44  ; Zfilffel,  l.c.)  ; and 
probably  to  some  extent  in  all  plant  products 
which  contain  a gallotannin  {v.  Ellagic  acid). 

According  to  Lowe,  the  molecule  of  ellao-i- 

O’  O 

tannic  acid  contains  5 hydroxyl  groups  replaced 
by  acetyl.  It  gives  precipitates  with  gelatin, 
albumen,  alkaloids,  tartar  emetic,  and  a nearly 
black  precipitate  with  ferric  acetate.  Its  alco- 
holic solution  gives,  with  lead  acetate,  a yellow 
precipitate. 

Zolffel  {l.c.)  considered  it  a sugar-free  tannic 
acid  of  the  formula 

CgH2(OH)3COO-C6H2(OH)2COOH 

whereas  Perkin  and  Nierenstein  {l.c.)  suggested 
it  to  be  a glucoside  or  a condensation  product  of 
two  molecules  of  gallotannin. 

Nierenstein  (Ber.  1910,  43,  1267)  has  ob- 
tained it  in  a pure  state  by  repeated  treatment 
of  the  crude  substance  from  myrobalans  with 
alkali  and  ethyl  chloroformate,  and  then 
decomposing  with  pyridine  according  to  Fischer’s 
method  ; and  gives  its  formula  as 

C26H2s0j9,3H20 

It  crystallises  from  a mixture  of  pyridine  and 
acetic  acid  in  pale-yellow  plates,  which,  after 
sintering  at  300°-306°,  melt  at  329°-336° 

[a]^^  + 18-02°,  So  obtained,  it  readily  yields 

ellagic  acid  with  dilute  sulphuric  acid,  but  is  not 
decomposed  by  10  p.c.  sodium  carbonate  solu- 
tion. As  it  is  hydrolysed  by  emulsin  to  luteoic 
acid,  Nierenstein  considers  it  to  be  a glucoside 
of  this  compound  {v.  Tannins).  A.  G.  P. 

ELUTRIATION.  The  separation  of  the 
lighter  from  the  heavier  particles  of  a powder  by 
washing  and  decantation. 

EMANIUM  V.  Actinium. 

EMBARIN.  Trade  name  for  sodium  mercuri- 
salicylsulphonate. 

EMBELIC  ACID.  The  active  constituent  of 
the  fruit  of  the  Indian  plant  Embelia  rihes 


(Burm.)  (nat.  ord.  Myrsinaceee).  Employed  as 
an  anthelmintic. 

EMBOLITE.  Native  silver  chlorobromide 
containing  chlorine  and  bromine  in  indefinite 
proportions.  It  is  the  commonest  of  the  horn- 
silvers  or  cerargyrites  {q.v.),  occurring  as  compact 
horn-like  masses  or  as  small,  indistinct  cubic 
crystals  of  a greenish-grey  colour.  Frequently 
a small  amount  of  iodine  is  also  present,  and 
the  formula  is  Ag(Cl,Br,I)  ; the  colour  of  this 
iodembolite  variety  is  usually  greenish-yellow 
to  orange-yellow.  Large  quantities  have  been 
mined  with  other  ores  of  silver  in  Chile,  Mexico, 
and  Broken  Hill  in  New  South  Wales.  ( V. 
Prior  and  Spencer,  Min.  Mag.  1902,  13,  174.) 

L.  J.  S. 

EMERALD  v.  Beryl,  and  Glucinum. 

EMERALD  GREEN.  Hydrated  chromium 
sesquioxidc  {v.  Chromium)  ; also  applied  to 
Schweinfurth  green  {v.  art.  Arsenic  ; also  Pig- 
ments). 

EMERALD-NICKEL  u.  Zaratite. 

EMERALD,  ORIENTAL,  v.  Corundum. 

EMERY.  {Emeri,  Fr.  ; Smirgel,  Schmirgel, 
Ger.)  An  impure  variety  of  corundum.  It  is, 
however,  more  of  the  nature  of  a rock,  rather 
than  a simple  mineral,  consisting  essentially  of 
a fine-grained  aggregate  of  corundum  (50-60 
p.c.)  and  magnetite  (30-40  p.c.).  Several  other 
minerals  are  also  present  in  smaller  and  variable 
amounts.  Haematite  and  limonite  are  present 
as  alteration  products  of  the  magnetite  ; and 
others,  such  as  diaspore,  margarite  (emerylite), 
muscovite,  kyanite,  have  probably  been  derived 
from  the  corundum.  In  addition,  there  may 
also  be  tourmaline,  chloritoid,  biotite,  staurolite, 
rutile,  idocrase,  pyrites,  iron-spinel  (hercynite), 
&c.  The  material  is  dull  black,  dark  grey,  or 
bluish- black,  and  has  much  the  appearance  of 
a fine-grained  iron-ore  ; sp.gr.  3-75-4-31.  It  is 
massive  and  opaque,  breaking  with  a more  or 
less  regular  fracture,  and  is  magnetic.  The 
abrading  power  (measured  by  the  amount  of 
glass  abraded  by  a given  weight  of  emery  in 
a certain  time)  ranges  from  65  to  32,  as  com- 
pared with  sapphire  at  100.  These  values  are 
only  roughly  proportional  to  the  amount  of 
alumina  (corundum)  present  in  the  mixture, 
depending  also  to  some  degree  on  the  texture  of 
the  material. 

The  analyses  on  next  page  are  of  material 
from  Naxos,  T-IV  (I  and  II,  the  extremes  as  re- 
gards the  amount  of  alumina  of  seven  analyses 
by  Oser,  quoted  by  S.  A.  Papavasiliou,  1913  ; 
III  and  IV,  by  E.  Ludwig,  quoted  by  G. 
Tschermak,  1894)  ; Asia  Minor,  V,  by  R. 
Kramer,  1907  ; VI,  Peekskill,  New  York,  by 
G.  H.  Williams,  1887.  Several  older  analyses 
have  been  published  by  J.  L.  Smith  (Amer.  J. 
Sci.  1850,  1851,  1866),  and  by  R.  Jagnaux 
(Bull.  Soc.  Min.  France,  1884). 

Analysis  III  corresponds  with  the  mineral 
composition  : corundum  52*4,  magnetite  32-1, 
tourmaline  11-5,  muscovite  2,  margarite  2 p.c.  ; 
and  IV  -with : corundum  50,  magnetite  33, 
tourmaline  9,  chloritoid  4,  muscovite  3,  calcite 
1 p.c. 

The  only  sources  of  supply  are  Greece, 
Asiatic  Turkey,  and  the  United  States.  The 
deposits  in  the  island  of  Naxos  in  the  Grecian 
archipelago  have  been  known  since  remote 
times.  Here,  on  the  north-east  side  of  the 
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II. 

III. 

IV. 

V. 

<1 

ALO3  66-16 

60-05 

57-67 

56-52 

60-10 

46-53 

Fe.,03  24-27 
Feb  . 3-48 

24-03 

4-02 

^ 33-36 

34-65 

33-20 

41-29 

MnO  . 0-25 

0-85 



— 

— 

— 

CaO  . 1-62 

1-51 

0-43 

0-90 

0-48 

— 

MgO  . 0-38 

1-05 

0-83 

0-43 



9-43 

K3O  . - 

— 

0-31 

0-40 

— 

— 

Na,0  . — 

— 

n.d. 

0-60 

— 

— 

SiO,  . 3-23 

5-09 

5-64 

5-45 

1-80 

2-42 

TiOo  . — 

— 

n.d. 

n.d. 

— 

0-51 

B,0,  . - 

— 

1-15 

0-88 

— 

— 

H3O  . 0-37 

3-67 

0-70 

0-42 

5-62 

— 

99-76 

100-27 

100-09 

100-25 

101-20  100-19 

Sp.gr.  4-06 

3-84 

3-71 

3-98 

^ — 

— 

island,  the  emery  occurs  as  irregular  beds  and 
lenticular  masses  in  crystalline  limestone 
(marble),  associated  with  crystalline  schists 
and  intruded  by  granite.  Large  isolated  blocks 
also  occur  weathered  out  on  the  surface.  The 
methods  of  mining  are  very  primitive,  and  resort 
is  made  to  the  old  method  of  fire-setting,  the 
surface  of  the  rock  being  heated  by  fires  and 
suddenly  coded  by  water  to  develop  cracks. 
The  production  is  the  monopoly  of  the  Greek 
government,  and  amounts  to  about  10,000  tons 
per  annum.  Emery  also  occurs  on  the  neigh- 
bouring islands  of  Iraklia,  Sikinos,  Paros,  and 
Amurgos,  but  these  deposits  are  not  worked. 
(On  the  Naxos  deposits,  v.  W.  H.  Cottrell, 
Foreign  Office  Pep.,  Miscell.  Ser.  No.  368, 
London,  1895  ; G.  Tschermak,  Min.  Petr.  Mitt. 
1894,  xiv.  311  ; S.  A.  Papavasiliou,  Zeits. 
Geutsch.  Geol.  Gesell.  1913,  Ixv.  1-123.) 

The  important  deposits  in  western  Asia 
Minor,  around  Smyrna,  were  discovered  by  J. 
Lawrence  Smith  in  1847.  Here  also  the  emery 
occurs  as  lenticular  bodies  in  bluish  crystalline 
limestone,  associated  with  mica-schist,  gneiss, 
and  granite  ; and  as  loose  blocks  weathered  out- 
in  the  reddish  surface  soil.  The  principal  mines 
are  situated  on  the  Gume  Dagh  or  Messogis 
Mountain  in  the  Aidin  district  (E.  of  Ephesus 
and  S.E.  of  Smyrna).  Others  are  near  Manisa 
(the  ancient  Magnesia),  near  Kula  and  Adula 
(N.  of  Ala- Shehr= Philadelphia),  and  on  the 
neighbouring  islands  of  Samos  and  Nikaria. 
The  output  of  20,000  to  30,000  tons  per  annum 
is  shipped  from  Smyrna.  (On  the  Asia  Minor 
deposits,  V.  J.  L.  Smith,  Amer.  J.  Sci.  1850, 
1851  ; and  Original  Researches  in  Mineralogy 
and  Chemistry,  1884 ; R.  Kramer,  Kleinasia- 
tische  Schmirgelvorkommnisselnaug.-Diss.  Leip- 
zig, Berlin,  1907.) 

In  the  United  States,  deposits  have  been 
worked  at  Peekskill  in  Westchester  Co.,  New 
York,  occurring  here  as  segregations  in  gabbro  ; 
and  in  amphibolite-schist  at  Chester  in  Hampden 
Co.,  Massachusetts.  The  annual  output  amounts 
to  only  about  1000  tons,  and  that  from  Chester 
has  now  fallen  off.  (On  the  United  States 
occurrence,  v.  G.  P.  Merrill,  The  Non-Metallic 
Minerals,  2nd  edit.  New  York,  1910.) 

An  abrasive  material  mined  at  Wildenreuth 
and  other  places  in  Bavaria  under  the  name  of 
emery  {Schmirgel,  Ger.)  is  really  a mixture  of 
garnet  and  quartz.  In  the  trade  the  name 
emery  has  also  been  applied  to  the  refuse  from 
eutting  gems  and  from  gem-washings. 

' Also  CrgOg  trace.  ^ Also  PgOs  trace,  S O’Ol. 


In  the  preparation  of  the  material  for  the 
market,  after  being  carefully  hand-picked  at 
the  mine,  it  is  crushed  under  stamps  and  sorted 
into  various  grades  of  fineness  through  wire 
sieves.  The  finest  ‘ flour  of  emery  ’ is  prepared 
by  washing  and  elutriation.  Emery  powder  is 
used  by  lapidaries  and  stone  workers ; for 
polishing  plate  glass  and  grinding  lenses.  In  the 
form  of  emery  paper,  emery  cloth,  and  emery 
sticks,  the  powder  is  fixed  by  means  of  glue. 
For  emery  wheels  the  powder  is  mixed  with  a 
cementing  material,  such  as  shellac,  sodium 
silicate,  or  vulcanite ; or  it  is  baked  with  loam 
or  kaolin  and  thus  embedded  in  terra-cotta  or 
porcelain.  Such  wheels  are  much  used  by 
lapidaries  and  dentists,  and  for  grinding  and 
polishing  metals,  &c.  Attempts  have  been 
made  to  use  pieces  of  emery,  in  place  of  diamond, 
in  the  crowns  of  rock-drills.  (On  the  technical 
uses  of  emery,  v.  A.  Haenig,  Der  Schmirgel  und 
seine  Industrie,  Wien,  1910.)  L.  J.  S. 

EMETAMINE  v.  IrECACUANHA. 

EMETINE  V.  Ipecacuanha. 

EMIN  RED  V.  Primui  JNE. 

EMODIN  V.  Glucosides  ; Rhubarb  ; Syn- 

THETIC  DRUGS. 

EMPRESSITE.  A silver-tellurium  mineral 
AgTe,  discovered  in  the  Empress-Josephine 
mine,  Kerber  Creek,  Colorado,  associated  with 
galena  and  native  tellurium.  Lustre,  metallic  ; 
streak,  greyish-black ; fracture,  conchoidal ; 
hardness,  3-3-5 ; sp.gr.  7*51  (Bradley,  Amer.  J. 
Sci.  1914,  38,  163). 

EMPYROFORM  v.  Synthetic  drugs. 

EMULSIN.  The  term  emulsin  ’ was 
applied  originally  to  the  enzyme  or  mixture  of 
enzymes,  present  in  bitter  and  sweet  almonds, 
which  hydrolyses  amygdalin  to  glucose,  benz- 
aldehyde,  and  hydrogen  cyanide.  The  same 
enzyme  was  shown  subsequently  to  hydrolyse 
many  natural  glucosides  as  well  as  the  synthe- 
tically prepared  ;8-glucosides,  though  it  was 
entirely  without  action  on  the  stereoisomeric 
a-alkylglucosides  (Fischer,  Zeitsch.  physiol. 
Chem.  1898,  26,  60).  The  name  is  now  used  to 
comprise  all  enzymes  which  hydrolyse  13- 
glucosides.  Such  enzymes  are  widely  dis- 
tributed in  plants  : besides  the  kernels  of  fruits, 
they  also  occur  in  the  leaves  and  young  twigs  of 
the  higher  plants,  in  most  mould  fungi,  especially 
in  Polyporus  species  parasitic  on  trees,  and  in 
bacteiia,  Henry  and  Auld  (Proc.  Roy.  Soc. 
1905,  B,  76,  568)  have  identified  emulsin  as 
present  in  yeast. 

)8-Glucosides  are  also  hydrolysed  by  certain 
animal  extracts,  e.g.  intestinal  mucous  membrane, 
a fact  which  is  taken  to  indicate  the  presence  of 
emulsin. 

There  are,  however,  well-marked  differences 
in  the  number  of  substances  which  these  various 
emulsin  preparations  are  able  to  hydrolyse, 
and  the  investigations  of  Armstrong  and 
others  (Chem.  Soc.  Proc.  1910,  334)  indicate, 
that  whilst  the  leaf  enzyme  (emulsin)  is,  as  a 
rule,  a specific  for  the  glucoside  normally  occur- 
ring in  the  particular  plant,  the  seed  enzyme, 
especially  that  of  the  almond,  is  able  to  attack 
a number  of  glucosides.  For  this  reason  almond 
emulsin  is  considered  to  be  a mixture  of  several 
closely  related  enzymes.  According  to  H.  E. 

I E.  F.  Armstrong  and  Horton  (Proc.  Roy. 

!.  1908.  80,  321),  it  contains  a ^-glucose 
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proper,  which  attacks  /8-glucosides  ; a cyanase, 
which  eliminates  hydrogen  cyanide  from  amyg- 
dalin  ; an  amygdalase,  splitting  off  glucose  from 
amygdalin  ; and  a lactase,  acting  on  milk  sugar 
(cf.  Rosenthaler,  Arch.  Pharm.  1910,  240,  105). 

Almond  emulsin  hydrolyses  ;8-glucosides 
and  also  the  disaccharides,  lactose,  gentiobiose, 
cellose,  and  melibiose.  It  further  hydrolyses 
the  synthetical  ;8-methylgalactoside.  The  emul- 
sin of  Aspergillus  niger,  on  the  contrary,  has  no 
action  on  lactose  or  on  ^-galactosides.  In 
referring  to  emulsin,  it  is  therefore  advisable 
to  specify  the  source  of  the  enzyme. 

Preparation. — Ground  sweet  almonds  from 
which  the  fat  has  been  expressed  are  macerated 
with  water  and  a little  toluene  or  chloroform 
at  the  ordinary  temperature  for  12-24  hours. 
The  liquid  is  expressed  through  a cloth,  protein 
precipitated  with  a few  drops  of  acetic  acid, 
and  the  clear  filtrate  precipitated  with  alcohol 
added  50  c.c.  at  a time  till  no  further  precipitate 
is  formed.  The  liquid  is  decanted  and  the 
precipitate  rapidly  washed  with  absolute  alcohol 
and  ether  to  dehydrate  it,  and  dried  in  a vacuum. 
Alternatively  the  original  precipitate  may  be 
collected  on  a filter  paper,  dried  roughly  on 
bibulous  paper,  and  dissolved  in  water  in  a 
closed  bottle,  to  which  a little  toluene  is  added. 
The  clear  solution  so  obtained  is  very  active, 
and  retains  almost  constant  activity  for  many 
months.  It  is  essential  to  carry  out  this  pre- 
paration as  rapidly  as  possible. 

The  dried  enzyme  is  a soft,  white  powder, 
giving  most  of  the  reactions  of  proteins,  but 
losing  these  on  purification.  Its  chemical 
nature  has  not  been  the  subject  of  any  detailed 
investigation.  Active  preparations  are  to  be 
obtained  in  commerce. 

Emulsin  exhibits  maximum  activity  in 
neutral  solution.  Alkali  stops  the  action ; 
small  quantities  of  acids  usually  increase  the 
activity,  owing  to  their  effect  in  neutralising 
alkaline  impurity. 

Experiments  with  emulsin  are  usually 
carried  out  at  about  37°  ; the  optimum  tempera- 
ture is  45°.  Emulsin  is  less  resistant  to  destruc- 
tion by  heat  in  presence  of  alcohol  below  50  p.c., 
but  above  this  point  the  reverse  is  the  case, 
owing  to  the  fact  that  in  stronger  alcohols  the 
enzyme  is  precipitated,  and  in  this  condition  is 
more  resistant  to  heat.  In  sterilising  plants 
containing  enzymes  it  is  best  to  use  alcohol  of 
such  strength  as  to  produce  a liquid  containing 
about  60  p.c.  of  alcohol  (Bourquelot  and  Bridel, 
J.  Pharm.  Chim.  1913,  7,  65). 

Emulsin  is  detected  qualitatively  by  its 
action  on  amygdalin,  liberating  hydrogen 
cyanide.  The  activity  is  tested  quantitatively 
either  against  amygdalin  or  salicin,  by  measuring 
the  amount  of  sugar  formed  in  a given  time. 

Emulsin  is  also  able  to  bring  about  synthetic 
change  (Armstrong,  Proc.  Boy.  Soc.  1905,  B,  76, 
592  ; van’t  Hoff,  Sitzungsber.  K.  Akad.  Wiss. 
Berlin,  1910,  48,  963).  Emulsin  exhibits  hydro- 
lytic activity  in  alcoholic  solutions.  Although 
unable  to  hydrolyse  salicin  in  presence  of  95  p.c. 
alcohol,  it  becomes  active  in  90  p.c.  alcohol, 
hydrolysis  continuing  slowly  until  37  p.c.  of 
the  glucoside  has  been  decomposed.  As  the 
strength  of  the  alcohol  is  diminished  equilibrium 
is  more  rapidly  attained,  and  a greater  propor- 
tion of  the  salicin  undergoes  hydrolysis  (Bour- 


quelot and  Bridel,  Compt  rend.  1912,  154,  944). 
Similarly,  emulsin  is  inactive  when  suspended 
in  solutions  of  glucosides  in  acetone  or  ethyl  ace- 
tate, but  becomes  able  to  effect  hydrolysis  when 
10  p.c.  of  water  is  added  to  the  acetone  or  the 
wet  ester  is  used.  When  emulsin  acts  on  a solu- 
tion of  glucose  in  85  p.c.  alcohol,  the  correspond- 
ing ;8-methyl  or  ^-ethyl  glucosides  are  formed, 
the  same  equilibrium  point  being  reached  in 
solutions  containing  originally  glucose  or  alkyl 
glucoside.  The  more  dilute  the  alcohol  the 
greater  is  the  hydrolysis  and  the  less  the  8301- 
thesis  (Bourquelot  and  Bridel,  Compt.  rend.  1912, 
155,  319).  The  position  of  the  equilibrium  is 
independent  of  the  quantity  of  emulsin  added 
and  of  the  temperature,  but  it  varies  with  the 
strength  of  the  alcohol  and  with  the  amount  of 
glucose  present.  The  property  of  emulsin  to 
facilitate  S3nithesis  has  been  utilised  by  Bour- 
quelot to  prepare  a large  number  of  glucosides 
of  the  alcohols,  including  such  substances  as 
geraniol  and  glycol,  and  also  the  corresponding 
galactosides. 

The  emulsin  contained  in  a number  of  plant 
preparations  is  able  to  hydrolyse  d^benz aldehyde 
cyanohydrin,  and  also  to  synthesise  this  com- 
pound from  benzaldehyde  and  hydrocyanic 
acid.  In  some  eases  the  synthesis  is  asym- 
metric, and  an  optically  active  eyanohydrin  is 
formed  (cf.  Rosenthaler,  Arch.  Pharm.  1913, 
251,  56). 

(For  a list  of  the  glucosides  attacked  by 
emulsin,  v.  Glucosides.)  E.  F.  A. 

ENAMEL  BLUE.  Cobalt  blue  {v.  Pigments). 

ENAMELS  are  vitreous  compositions  capable 
of  adhering  by  fusion  to  the  surface  of  metal  or 
of  pottery.  The  base  of  the  enamel  is  generally 
a colourless  glass,  in  which  are  suspended  particles 
of  an  opaque  metallic  oxide  or  salt,  generally 
stannic  oxide.  Up  to  about  900°,  tin  dioxide 
exists  finely  suspended  in  the  enamel,  but  at  a 
higher  temperature  combination  or  solution  may 
occur  aijd  opacity  is  diminished.  Titanic  oxide 
has  been  used  in  place  of  stannic  oxide,  and  anti- 
mony compounds  have  been  employed.  Opacity 
may  also  be  obtained  by  the  use  of  arsenious 
oxide,  calcium  phosphate,  cryolite,  or  fluorspar. 
A preparation  known  as  ' artificial  cryolite  ’ 
sometimes  replaces  the  mineral.  When  bone 
ash  is  used,  a little  nitre  may  be  added  to  remove 
the  grey  colour ; the  nitre  also  prevents  reduc- 
tion of  the  lead.  The  vitreous  base  of  most 
enamels  is  a glass  containing  much  lead,  but 
when  the  presence  of  lead  is  objectionable,  as  in 
enamelled  vessels  for  culinary  purposes,  soda- 
and  potash-glasses  should  be  used.  If  great 
fusibility  be  required,  it  may  be  secured  by  the 
association  of  borates  with  the  silicates.  Borate 
enamels  are  very  hard,  but  are  deficient  in 
elasticity,  and  may  be  affected  by  moisture. 
Colour  is  imparted  to  the  enamels  by  the  intro- 
duction of  various  compounds,  generally  metallic 
oxides,  the  use  of  which,  in  many  cases,  has  been 
known  from  remote  ages.  Percy’s  analyses  of 
the  enamelled  bricks  of  Babylonia  {circa  700  b.c.) 
showed  that  a dense  white  was  obtained  by  the 
use  of  stannic  oxide  ; a rich  yellow  by  means  of 
antimony,  apparently  in  the  form  of  lead  anti- 
moniate  (‘  Naples  yellow  ’)  ; and  a deep  blue  by 
copper,  probably  introduced  as  oxide,  but  exist- 
ing in  the  enamel  as  a copper  sodium  silicate. 
The  ancient  Egyptian  blue  enamel,  or  glaze, 
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contains  a definite  copper  calcium  silicate, 
forming  crystals  remarkable  for  their  intense 
pleochroism,  to  which  Fouque  gave  the  name  of 
vestorien  (Bull,  Soc.  Er.  Min.  [12]  1889,  36)  {v. 
Egyptian  blue).  The  ancient  Egyptians  seem 
to  have  been  ignorant  of  the  art  of  enamelling 
on  metal. 

The  enamelling  of  pottery  is  a simple  opera- 
tion, since  it  consists  in  the  mere  fusion  of  an 
opaque  glaze  on  to  the  surface  of  the  ware.  But 
the  application  of  a vitreous  body  to  a metallic 
surface  is  less  easy,  and  it  is  to  this  process  that 
the  term  ‘ enamelling  ’ is  sometimes  restricted, 
while  the  works  of  art  produced  by  enamelling 
on  metal  are  themselves  known  as  ‘ enamels.’ 

The  most  ancient  enamels  found  in  North- 
Western  Europe  are  referable  to  the  prehistoric 
Iron  Age,  sometimes  distinguished  as  Late 
Celtic.  In  these  ancient  enamels,  brilliantly 
coloured  opaque  glass  is  embedded  in  cells  or 
shallow  cavities  in  bronze  : it  is  probable  that 
the  vitreous  material  was  applied  as  a powder, 
mixed  with  a vehicle  so  as  to  form  a paste,  and 
then  heated  sufficiently  to  cause  its  fusion,  and 
thus  secure  firm  attachment  to  the  metal. 

A similar  method,  known  as  champ  leve 
enamelling,  was  extensively  employed  at  a much 
later  date  in  Germany  and  at  Limoges  in  France 
— a town  which  for  centuries  was  the  chief 
centre  of  artistic  enamelling.  In  this  process  the 
design  is  traced  on  a plate  of  copper  or  bronze, 
and  all  the  parts  to  be  enamelled  are  excavated 
by  the  graver  ; these  hollows  are  then  filled  with 
enamel,  which  is  afterwards  fused,  and  the  entire 
surface  is  finally  ground  smooth.  The  design 
thus  appears  in  permanent  colour,  each  tint 
being  defined  by  ridges,  or  separated  by  areas,  of 
metal  which  are  the  elevated  parts  of  the  original 
ground.  The  exposed  metal  is  sometimes  gilt. 

Another  and  probably  older  method  of 
inlaid  enamelling  is  that  known  as  cloisonne 
work.  Here  the  design  is  outlined  by  strips  of 
metal  fixed  to  the  metallic  base,  and  the  spaces 
between  these  bands  are  filled  with  enamel, 
which  is  then  fused  and  the  surface  ground 
down.  Each  coloured  area  is,  therefore,  sharply 
separated  from  its  neighbour  by  the  edge  of  the 
metal  fillet.  Of  this  character  were  the  early 
Byzantine  enamels,  which  were  generally 
executed  on  plates  of  gold.  The  Chinese  have 
for  many  centuries  (at  least  since  the  13th) 
been  extremely  skilful  in  this  work,  and  the 
Japanese  have  applied  a similar  method  to 
the  ornamentation  of  porcelain.  The  Japanese 
attach  the  cloisons  to  the  base  with  a gummy 
cement,  and  even  when  the  ground  is  a metal, 
they  generally  use  no  solder.  In  some  cloisonne 
work  the  surface  is  not  ground  down,  so  that  the 
fillets  stand  in  relief  above  the  general  surface  of 
the  enamel. 

The  use  of  transparent  enamels  for  the  orna- 
mentation of  metalwork  v/as  introduced  by  the 
Italian  goldsmiths  of  the  13th  century,  and 
afterwards  became  popular  in  France.  The  de- 
sign was  generally  worked  in  low  relief,  or 
chased  on  gold  or  silver,  and  brilliant  translucent 
enamels  were  applied  in  such  a way  that  the 
varying  thickness  produced  differences  of  tint. 
This  style  is  known  as  basse-taille.  In  certain 
rare  enamels,  probably  of  the  15th  century,  the 
pattern  is  outlined  by  strips  of  metal  without 
any  foundation,  and  the  spaces  in  this  grating 


are  filled  in  with  coloured  transparent  enamels ; 
such  cloisonne  work  is  termed  plique-d-jour. 

Artistic  enamelling  has  been  largely  used,  not 
only  for  inlaid  and  encrusted  work,  but  for  the 
production  of  paintings  on  metal.  The  painted 
enamels  of  Limoges,  introduced  in  the  15th 
century,  were  usually  executed  on  slightly 
convex  plates  of  copper,  the  subjects  being 
generally  in  white  and  grey  on  a deep-violet 
ground  ; but  the  process  was  extended  to  the 
decoration  of  dishes,  ewers,  and  other  objects, 
and  various  colours  were  employed,  sometimes 
heightened  with  gold.  In  this  country,  enamel 
painting  was  largely  practised,  by  the  family  of 
Bone,  during  the  latter  part  of  the  18th  and  the 
early  years  of  the  following  century.  While 
their  smaller  works,  or  miniatures,  were  executed 
on  gold,  the  larger  examples  were  on  plates  of 
copper.  The  copper  plate,  having  been  annealed 
and  cleaned  with  dilute  sulphuric  acid,  was 
coated  on  both  sides  with  white  enamel  powder  ; 
it  was  then  fired,  and  the  enamelled  face  ground 
smooth.  This  white  enamel,  which  was  ren- 
dered so  opaque  by  means  of  stannic  oxide  as  to 
conceal  the  metal  ground,  was  imported  from 
Venice  in  the  form  of  round  cakes.  The  surface 
to  be  painted  was  further  prepared  by  the  appli- 
cation of  a second  coat  of  enamel,  more  fusible 
and  transparent  than  the  first ; this  material, 
known  to  the  enameller  as  ‘ flux,’  was  used  in 
the  form  of  rods  and  beads  of  white  Venetian 
glass.  Upon  the  fluxed  surface,  carefully  ground 
smooth,  the  painting  was  executed  in  enamel 
colours,  or  powdered  glasses  mixed  with  an 
appropriate  vehicle  ; and  as  it  was  necessary  to 
vitrify  each  colour  separately,  a complicated 
subject  would  require  several  successive  firings 
in  a muffle,  each  liable  to  injure  or  spoil  the  work. 

Recent  years  have  witnessed  a great  revival 
in  artistic  enamelling,  with  the  introduction  of 
various  improvemente  in  technical  details. 

In  addition  to  art  enamels,  there  is  a growing 
demand  for  coarse  work  in  enamelled  sheet-iron 
for  street  plates,  railway  notices,  and  other  ad- 
vertisements, which  are  generally  executed  in 
blue  and  white.  In  applying  enamel  to  metal  it 
is  necessary  to  use  a material  which  will  adhere 
firmly  to  the  base  ; at  the  same  time,  it  must 
fuse  at  a temperature  lower  than  that  which 
softens  the  metal,  or  melts  the  solder  if  any  be 
present ; and  the  enamel  should  have  a coeffi- 
cient of  expansion  by  heat  as  nearly  as  possible 
that  of  the  metal  ground.  It  is  obviously  im- 
portant that,  when  enamel  is  used  as  a lining  for 
saucepans,  stew-pans,  and  other  vessels  for 
culinary  purposes,  it  should  be  free  from  all 
ingredients  which  are  poisonous,  or  may  become 
so  by  contact  with  food.  An  important  industry 
has  been  developed  in  recent  years,  especially  in 
Germany,  Austria-Hungary,  and  France,  in  the 
manufacture  of  vessels  for  domestic  use,  in  cast 
or  sheet  metal ; soft  sheet  steel  is  commonly  used 
for  hollow  ware. 

The  object  to  be  enamelled,  having  been 
carefully  cleaned  by  pickling  in  an  acid  bath,  is 
coated  with  a thin  layer  of  ground  enamel. 
This  primary  coating  need  not  be  opaque,  and 
generally  contains  a little  cobalt  or  nickel  oxide. 
A suitable  material  is  obtained,  according  to 
P.  Randau,  by  fusing  a mixture  of  flint  or  quartz 
30  parts,  borax  25,  and  felspar  30.  This  product 
is  then  ground  with  kaolin  10’75  parts,  felspar  6, 


634 


ENAMELS. 


and  magnesia,  1 ’25  ; the  clay  tends  to  lessen  the 
fusibility.  The  finely  powdered  ground  enamel 
is  mixed  with  water  to  a creamy  consistency  and 
applied  to  the  ware,  slightly  heated  ; after  the 
coating  has  dried,  the  object  is  fired  in  a muffle 
furnace  at  a temperature  rather  under  1000°. 
After  this  stage  of  enamelling,  the  ware  is 
scrubbed  to  remove  scale,  and  a second  coating 
is  applied,  this  time  opaque  white.  This 
enamel  may  be  made,  according  to  the  same 
authority,  from  a mixture  of  flint  37 ‘5  parts, 
borax  27*5,  tin  dioxide  30,  soda  15,  nitre  10, 
ammonium  carbonate  7*5,  and  magnesia  7 ; 
this  mixture  is  fritted  and  then  ground  with 
flint  6 '12  parts,  tin  dioxide  3 '66,  soda  0'7,  and 
magnesia  0‘7.  The  cover  enamel  is  suspended  in 
water  and  spread  over  the  ground  enamel,  and 
the  ware  is  then  carefully  fired  in  a muffle  at  a 
lower  temperature  than  that  of  the  first  firing. 
In  some  cases  a third  coat  of  enamel  is  applied, 
while  in  other  cases  the  ground  layer  is  dis- 
pensed with,  and  only  a single  white  coating 
used.  Finally  the  surface  may  be  decorated  by 
painting  or  transfer  printing  in  enamel  colours, 
or  by  photographs.  In  some  enamels,  like 
‘ granite  ware,’  the  colour  is  applied  by  spraying. 

(On  enamels,/?;.  Sir  H.  H.  Cunynghame,  On 
the  Theory  and  Practice  of  Art  Enamelling  upon 
Metals,  3rd  ed.  London,  1906 ; Lewis  F.  Lay, 
Enamelling,  London,  1907  ; Alexander  Fisher, 
The  Art  of  Enamelling  upon  Metal,  London, 
1906 ; Philip  Eyer,  Die  Eisenemaillierung, 
Leipsig,  1907  ; Paul  Randau,  Die  Fabrikation 
des  Emails  und  das  Emaillieren,  Vienna,  4th  ed. 
1909  ; Enamels  and  Enamelling,  English  transla- 
tion of  P.  Randau  by  Charles  Salter,  London, 
1900;  Julius  Griinwald,  translated  by  Herbert  H. 
Hodgson,  The  Theory  and  Practice  of  Enamelling 
on  Iron  and  Steel,  London,  1909.)  F.  W.  R. 

ENARGITE.  Copper  sulpharsenate  CU3ASS4 
or  3Cu2S'As2Sg,  occurring  as  orthorhombic 
crystals  with  perfect  prismatic  cleavages  and 
usually  a prismatic  habit.  The  colour  is  iron- 
black  with  a metallic  lustre  ; «p.gr.  4*44.  It  is 
not  a common  mineral,  but  in  a few  copper- 
mining districts,  for  example,  at  Butte  in  Mon- 
tana, Morococha  in  Peru,  and  in  the  Sierra  de 
Famatina  in  Argentina,  it  is  of  some  importance 
as  an  ore  of  copper.  L.  J.  S. 

ENDIVE.  Cicliorium  endivia  (Linn.),  the 
blanched  leaves  are  used  as  a salad  or  garnish. 

According  to  Konig,  their  average  com- 
position is — 

Other  carbo- 

Water  Protein  Fat  Sugar  hydrates  Fibre  Ash 

94*1  1*8  0*1  0*8  1*8  0*6  0*8 

There  are  two  chief  varieties — with  crinkled 
leaves  and  with  smooth  leaves.  The  former  is 
apparently  richer  in  nitrogen  and  ash,  but 
poorer  in  carbohydrates  (Dahlen,  Landw. 
Jahrb.  1874,  3,  312,  and  4,  614). 

An  analysis  of  the  ash  of  endives  by  Richard- 
son (Annalen,  67,  377)  gave  the  following 
figures  : — 

K2O  NagO  CaO  MgO  SO3  SiOa  FeoOo 

37*9  12*1  12*0  1*8  5*2  3*0  24*6  3*4 

H.  I. 

ENDLICHITE  v.  Vaxadtum.. 

ENESOLv.  Synthetic  drugs. 

ENGLISH  BROWN  v.  Azo-  COLOURING 

MATTERS. 


ENGLISH  GREEN,  or  CHROME  GREEN,  v. 

Chromium;  Pigments. 

ENGLISH  PINK,  or  ITALIAN  PINK,  v. 

Pigments. 

ENGLISH  RED,  or  VENETIAN  RED, 

Pigments. 

ENHYDROS  v.  Agate. 

ENSILAGE  is  a process  of  preserving  green 
fodder  for  cattle.  The  term  sUo  is  applied  to 
the  pit  or  other  depository  in  which  the  fodder 
(silage)  is  contained,  and  appears  to  be  of  Basque 
derivation,  and  originally  meant  a pit  for  storing 
grain.  This  method  of  preserving  grass  and 
other  succulent  forage  crops  has  been  in  use  for 
many  years  in  Germany,  whence  the  practice 
was  carried  to  France,  and  afterwards  to  America. 
Although  the  German  system  had  been  fully 
described  by  Johnston,  in  1843,  in  the  Trans- 
action of  the  Highland  Agricultural  Society 
(new  series,  9),  no  general  notice  of  it  was 
taken  in  these  islands  until  1882,  when  a report 
of  the  British  Legation  at  Washington  on  en- 
silage, as  practised  on  Mr.  Havemeyer’s  estate  in 
New  Jersey,  was  published  as  a blue-book,  since 
which  time  many  silos,  of  var3dng  forms  and 
construction,  have  been  made  in  this  country. 
The  object  of  all  these  is  to  exclude  the  air  from 
the  mass  of  fodder,  allowing  only  a greater  or 
less  fermentation  according  to  the  practice  of 
different  authorities ; and  to  this  end  silos 
have  been  formed  (1)  wholly  or  partly  under- 
ground ; (2)  in  the  form  of  enclosed  buildings. 
Silage  has  also  been  largely  made  by  build- 
ing up  the  green  fodder  in  the  form  of  an 
ordinary  stack,  of  which  only  the  top  is  covered. 
Whether  it  be  silo  or  stack,  the  principal  factor 
is  the  superposition  of  a sufflcient  pressure, 
either  by  dead  weight  or  by  some  mechanical 
system  of  screws,  levers,  or  similar  appliances. 
The  changes  which  forage  undergoes  in  the  silo 
are  due  to  fermentation,  and,  as  may  be  sup- 
posed, this  action  varies  considerably  with  the 
materials  stored  and  with  the  condition  of 
storage ; as,  for  example,  green  maize  under- 
goes principally  lactic  fermentation  ; whilst  in 
English  fodder  fermentation  produces  alcohol 
which  is  almost  immediately  converted  into 
aldehyde.  If  the  air  has  not  been  properly  ex- 
pelled from  the  silo,  or  if  the  fodder  has  been 
pitted  in  a very  damp  condition,  the  aldehyde 
becomes  quicky  converted  into  acetic  acid. 

Silage  is  of  two  kinds — viz.  ‘ sweet  ’ and 
‘sour.’  Sweet  silage  is  the  result  of  allowing 
the  grass  to  remain  without  pressure,  and  so 
permitting  air  to  mingle  with  it  until  such  time 
as  a temperature  of  125°  to  150°  F.  is  reached  by 
the  fermentation  process  ; sour  silage,  on  the 
other  hand,  results  when  pressure  is  at  once 
applied,  whereupon  an  acetic  or  lactic  fermenta- 
tion takes  place.  It  appears  that  a temperature 
of  about  125°  is  sufflcient  to  kill  the  bacteria 
which  produce  acid  fermentation  ; ‘ if  the  bac- 
teria are  killed  and  the  silo  is  covered  and 
weighted,  the  enclosed  mass  of  green  fodder 
will  remain  sweet,  and  be  practically  preserved 
under  the  same  conditions  as  fruits,  vegetables, 
or  meats  are  preserved  when  canned.  If  this 
be  the  case,  it  will  be  at  once  intelligible  that 
by  less  packing  of  the  fodder  when  put  into  the 
silo,  and  extending  the  time  of  Ailing  until  the 
temperature  rises  to  a point  fatal  to  the  bacteria, 
the  resulting  silage  will  be  sweet  and  free  from 
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acidity  ; whilst  sour  silage  is  produced  by  at  once 
consolidating,  covering  up,  and  weighting  the 
grass  fodder  so  as  to  prevent  the  temperature 
rising  to  the  point  fatal  to  the  bacteria  (A. 
Voelcker,  J.  Roy.  Agric.  Soc.  20), 

Two  samples  of  sweet  silage  showed  only 
a trace  of  acid,  not  exceeding  in  quantity  that 
contained  in  ordinary  fresh  meadow  grass  : — 


Silage  made  from 

Clover  and 
rye  grass 
mixed 

Meadow 

grass 

Moisture 

75-80 

74-40 

*Albuminoids  . 

2-53 

2-56 

Sugar  and  other  carbo- 

hydrates  soluble  in  water 

1-43 

2-99 

Crude  vegetable  fibre 

18-31 

17-90 

Mineral  matter  (ash) 

1-93 

2-15 

1 

j 

100-00 

100-00 

*Containing  nitrogen 

. 0-40 

0-41 

Volatile  acids  (calculated 

as 

acetic  acid) 

. 0-01 

0-01 

Non-volatile  acids  (calculated 

as  lactic  acid)  . 

o 

o 

H- 1 

0-02 

A sample  of  sour  silage  made  from  grass 

placed  in  a heavily  weighted  silo  showed  the 

following  composition  : — 

Water  . 

76-01 

Soluble  albuminoids 

0-91 

Insoluble  albuminoids 

1-78 

Soluble  carbohydrates 

2-87 

Crude  fibre 

15-82 

Soluble  mineral  (ash) 

1-63 

Insoluble  mineral  matter  (ash) 

0-98 

100-00 

Total  nitrogen 

0-43 

Volatile  acids  (calculated  as 

acetic  acid) 

0-19 

Non-volatile  acids  (calculated  as 

lactic  acid) 

» « 

1-24 

This  silo  was  provided  with  a tap  at  the  bottom 
from  which  juice  was  drawn  off  from  time  to 
time.  This  drainage  had  a sp.gr.  of  1’022,  and 
contained,  per  imperial  gallon  : 

Grains 

Albuminoids  . . . 1,008 ‘56 

Fixed  acid  (lactic  acid)  . 516’42 

Volatile  acids  (butyric  and 

acetic  acids)  . . . 476 '70 

*Carbohydrates  and  amides  1,528 '42 
Mineral  matters  (ash)  . 1,768'20 

Water  ....  64,701 '70 


70,000-00 

*Containing  non-albuminous 

nitrogen  . . . 35 '84 

The  dry  matter  (dried  at  100°)  which  was  left 
on  evaporation  of  its  drainage  contained  : 


*Albuminoids 

. 20-90 

Lactic  acid 

. 10-71 

•fCarbohydrates  and  amides 

. 31-73 

Mineral  matter  (ash) 

. 36-66 

100-00 

♦Containing  nitrogen 

. 3-34 

•j  Containing  nitrogen 

. 0-51 

The  subject  of  changes  during 

ensilage  has 

been  very  carefully  investigated  both  at  Rotham- 
sted  by  Lawes  and  Gilbert,  and  at  Woburn  by 
Voelcker.  The  results  obtained  present  a strik- 
ing similarity,  and  it  will  suffice  if  one  set  of  tables 
(those  of  Br.  Voelcker)  is  referred  to  here, 
although  the  Experiments  on  Ensilage  conducted 
at  Rothamsted  (Lawes  and  Gilbert)  should  also 
be  read.  The  silo  to  which  these  figures  relate 
was  one  made  at  Woburn  in  1886,  and  was  of 
the  character  generally  termed  ‘sour.’  It  was 
weighted  with  stones  in  strong  elm  boxes  to 
112  lbs.  per  square  foot,  and  was  unprovided 
with  any  drain.  The  silo  was  closed  on  July  3 
and  opened  on  December  16,  the  contents  being 
‘ very  fair,’  although  ‘ not  really  fine,’  meadow 
grass.  The  numbers,  in  a condensed  form,  are 
given  in  the  following  table. 


Quality  and  Composition  op  the  Grass  put  into  Silo,  and  op  the  Silage  produced. 


[3) 

'S 

is 

o 

H 

j 

Water 

Volatile  acids 

Non-volatile 

acids 

Soluble 

albuminoids 

Insoluble 

albuminoids 

i 

Digestible  fibre 

Woody  fibre 

Soluble  carbo- 
hydrates, &c. 

Soluble  mineral 
matter 

' Insoluble 

i mineral  matter 

Total  nitrogen 

Albuminoid 

nitrogen 

Non-albuminoid 

nitrogen 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Grass  put  in  silo 

32,780 

23,108 

— 

— 

47 

733 

3278 

2670 

2265 

430 

249 

151 

123 

28 

Silage  removed  . 

30,389 

22,035 

109 

100 

197 

252 

2326 

2409 

2254 

471 

230 

155 

73 

82 

Loss 

Loss  per  100  lbs. 

2,391 

1,073 

+ 109 

+ 106 

+ 150 

481 

9.52 

261 

11 

+ 41 

19 

+ 4 

50 

+ 54 

of  fresh  grass  . 

7-29 

3-27 

+ 0-33 

+ 0-.32 

+0-46 

1-47 

2-90 

0-79 

0-03 

+ 0-12 

0-06 

+ 0-01 

0-15 

+ 0-16 

The  main  features  shown  in  the  table  are  as 
follows  : The  total  loss  due  to  fermentation,  eva- 
poration, &c.,  in  making  the  silage  was  7 '29  p.c, 
on  the  fresh  grass.  Of  this,  3|-  p.c.  consisted  of 
water,  so  that  the  loss  in  dry  matter  was  only 
about  4 p.c.  The  loss  of  total  nitrogen  when, 
as  here,  no  drainage  was  allowed  to  flow  away, 
is  very  slight ; but  the  nitrogenous  bodies  have 
undergone  considerable  change  from  the  albu- 


minoid to  the  non- albuminoid  condition,  the 
fibre  has  been  diminished,  insoluble  albuminoids 
have  been  lessened,  and  soluble  albuminoids  in- 
creased (Voelcker,  J.  Roy,  Agric.  Soc.  23,  410). 

Since  the  nutritive  value  of  food  depends  to 
a considerable  extent  on  the  albuminoid  com- 
pounds contained  in  it,  it  becomes  of  importance 
from  the  economic  point  of  view,  to  determine 
the  quantity  of  such  compounds  in  fresh  green 


636 


ENSILAGE. 


food  and  in  silage.  Kinch  found  that  p.c. 
of  the  total  nitrogen  present  in  the  silage  of 
grass  was  of  a non-albuminoid  nature,  whilst 
in  the  original  grass  only  9 p.c.  was  of  this 
form.  In  the  case  of  mangold  leaves,  Kellner 
found  that  of  the  total  nitrogen  present,  27 '8  p.c. 
in  the  original  leaves,  45 ’5  p.c.  in  the  silage, 
and  as  much  as  59’7  p.c.  in  silage  preserved  in 
stoppered  jars,  was  non -albuminoid.  Clifford 
Richardson,  examining  maize  silage,  found  : 

Per  cent,  total  nitrogen 
as  non-albuminoid 


Original  stalks  . 

. 21-2 

Silage  No.  1 

. 44-6 

„ No.  2 . 

. 49-6 

Dried  fodder 

. 15*6 

Silage  from  young  maize 

. 53-3 

,,  ,,  older  ,, 

. 47-1 

These  results  with  grass,  mangolds,  and  maize 
show  that  in  ensilage  a large  portion  of  the 
albuminoids  is  converted  into  non- albu- 
minoid nitrogenous  substances,  whilst  in  the 
ordinary  drying  of  fodder  no  such  change  seems 
to  take  place.  This  is  made  clear  by  a reference 
to  Dr.  Voelcker’s  table  given  above  under  the 
heading  ‘ Quality  and  composition,’  &c.,  where 
the  woody  fibre,  as  indeed  the  whole  of  the  fibre, 
has  been  diminished,  insoluble  albuminoids  are 
lessened,  and  the  soluble  albuminoids  increased. 

Ensilage  is  largely  practised  in  Canada  and 
in  America  for  the  sake  of  having  a supply  of 
‘ green  ’ fodder  during  the  winter  months, 
especially  in  Canada  where  the  winter  is  long. 
In  England,  since  the  interest  attaching  to 
novelty  has  waned,  it  has  gradually  died  out  of 
practice,  except  as  a resource  for  adoption  in 
unusually  wet  seasons,  when  haymaking  is 
impossible  or  is  so  long  delayed  as  to  threaten 
loss  of  the  crops.  In  such  circumstances  those 
who  possess  the  simple  tackle  necessary  for 
putting  up  silage  stacks  in  the  open  field  have 
a material  advantage  over  their  neighbours. 
Otherwise,  in  a country  in  which  roots  are  easily 
grown  and  preserved  for  winter  use,  and  where 
the  actual  period  of  the  year  in  which  vegetation 
is  suspended  is  comparatively  short,  it  would 
seem  preferable,  having  regard  to  the  deteriora- 
tion which  occurs  in  ensilage,  especially  as 
regards  albuminoids,  to  adhere  to  the  more 
ordinary  practice  of  hay- making. 

The  application  of  silage  as  fodder  and  its 
practical  effects  with  stock  have  been  carefully 
investigated  both  at  Rothamsted  and  Woburn. 

{See  Report  on  the  Practice  of  Ensilage  at 
Home  and  Abroad,  Jenkins  in  J.  Roy.  Agric. 
Soc.,  new  series,  20 ; On  the  Chemistry  of 
Ensilage,  Voelcker,  ihicl.  ; Experiments  on  En- 
silage conducted  at  Crawley  Mill  Farm,  Woburn, 
1884-5  and  1885-6,  Voelcker,  ibid.  22 ; Ex- 
periments on  Ensilage  conducted  at  Crawley 
Mill  Farm,  Woburn,  1886-7,  Voelcker,  ibid. 
23 ; articles  in  the  Agricultural  Gazette,  April 
27,  1855  et  seq.,  by  Sir  J.  B.  Lawes  and  Sir 
Henry  Gilbert,  reprinted  in  pamphlet  form 
under  the  title  of  Experiments  on  Ensilage 
conducted  at  Rothamsted.) 

ENSTATITE.  Metasilicate  of  magnesium, 
usually  with  some  ferrous  oxide  isomorphously 
replacing  magnesia,  (Mg,Ee)Si03,  and  with 
increasing  iron  passing  into  bronzite  ^and 
hypersthene.  It  belongs  to  the  orthorhombic 


series  of  the  pyroxene  group,  and  is  of  import- 
ance as  a rock-forming  mineral  and  as  a consti- 
tuent of  meteoric  stones.  Rarely  it  is  clear  and 
transparent  and  of  a rich  green  colour,  when  it 
is  used  as  a gem-stone ; such  material  is  found  in 
the  ‘ blue  ground  ’ of  the  South  African  diamond 
mines.  L.  J.  S. 

ENTEROL  V.  Synthetic  drugs. 

ENZYMES  and  ENZYME  ACTION  v.  Fer- 
mentation ; Barley  ; Chemical  affinity. 

EOSAMINE  V.  Azo-  colouring  matters. 

EOSIN  V.  Triphenyl  methane  colouring 

MATTERS. 

EOSOTE  V.  Synthetic  drugs. 

EPHEDRINE,  CioHi^ON,  crystals,  m.p.  39°, 
b.p.  225°,  occurs  in  E-phedra  vulgaris.  It  is  a 
secondary  base,  furnishes  crystalline  salts,  and 
on  ‘ exhaustive  methylation  ’ yields  eventually 
trimethylamine  and  a-phenylallyl  alcohol  CgH^jO. 
On  distillation  the  hydrochloride  furnishes 
methylamine  and  propiophenone.  When  heated 
with  hydrochloric  acid,  ephedrine  undergoes 
isomerisation  to  i|/-ephedrine  (woephedrine), 
crystals,  m.p.  117°,  which  also  occurs  with  it  in 
E.  vulgaris.  Both  bases  are  poisonous  and 
ephedrine  hydrochloride  has  been  used  as  a 
mydriatic  (Ngai,  Chem.  Zentr.  1894,  i.  470  ; 
Merck’s  Bericht,  1893,  13 ; Ladenburg  and 
Oelschlagel,  Ber.  1889,  22,  1823  ; Miller,  Arch. 
Pharm.  1902,  240,  481  ; Elaecher,  ibid.  1904, 
242,  380 ; Schmidt  and  collaborators,  ibid. 
1905,  243,  73  ; 1906,  244.  239,  241,  269  ; 1908, 
246,  210;  1909,  247,  Ml;  1911,  249,  305; 
1913,  251,  320;  Apoth.  Zeit.  1911,  No.  37; 
Eourneau,  J.  Pharm.  Chim.  1904,  [vi.]  20,  481  ; 
Emde,  Arch.  Pharm.  1907,  245,  662  ; Gadamer, 
ibid.  1908,  246,  566  ; Calliess,  Apoth.  Zeit.  1910, 
25,  677).  According  to  Rabe  (Ber.  1911,  44,  824) 
the  ammonium  base  of  ephedrine  decomposes  into 
water,  trimethylamine  and  a-phenylpropylene- 
a^-oxide,  and  he  regards  ephedrine  and  i|/-ephe- 
drine  as  optically  isomeric  ;8-methylamino-a- 
phenyl-propane-  a-ols  OH  ’CllPh  "CHMe  'NHMe 
(c/.  Emde,  l.c.).  This  view  is  shared  by  Schmidt 
(Arch.  Pharm.  1914,  252,  89;  1915,  253,  52), 
who  considers  the  isomerism  due  to  the  difference 
in  the  spatial  arrangement  of  the  — CHOH  group. 
Cf.  also  Eberhard  (Arch.  Pharm.  1915,  253,  62). 
a-Ephedrine  has  been  synthesised  byNagai  (Eng. 
Pat.  120936)  and  shown  to  differ  from  Eourneau’s 
products  and  to  be  the  racemic  form  of  the 
natural  variety  {see  Chem.  Soc.  Abst.  1919, 
i.  92). 

The  name  ephedrine  has  also  been  applied 
by  Spehr  to  a crystalline  alkaloid  C13H19ON, 
m.p.  112°,  obtained  from  Ephedra  monostachya, 
a drug  used  as  a remedy  for  syphilis  and  gout  in 
Bessarabia  and  Wallachia.  Ordinary  ephedrine 
is  knovm  commercially  as  ‘ ephedrine  (Merck)  ’ 
and  the  second  species  as  ‘ ephedrine  (Spehr).’ 

EPICARIN, 

atTcooH 

A derivative  of  ^S-naphthol  used  in  the  treatment 
of  skin  diseases.  V.  Synthetic  drugs. 

EPICHLORHYDRINS  a-epicMorhydrin 

rO-, 

{y-cldor propylene  oxide)  CHo’CH’CHgCl.  Prepared 
by  treating  glycerol  with  phosphorus  penta- 
chloride  or  by  heating  the  dichlorhydrins  with 
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hydrochloric  acid  (Berthelot,  Ann.  Chim.  Phys. 
[3]  41,  299)  ; by  treating  a-  or  j8-dichlorhydrin 
with  caustic  potash  (Reboul,  Annalen,  Spl.  1, 
221  ; Tollens  and  Miinder,  Zeitsch.  Chem, 
1871,  252;  D.  R.  P.  239077),  or  with  alkali  car- 
bonates or  alkaline  earth  hydroxides  (D.  R.  P. 
246242).  Glycerol  is  treated  with  hydrogen 
chloride  at  120°-130°,  and  the  product  distilled 
in  vacuo.  The  fraction  boiling  at  60°-120°, 
which  contains  the  dichlorhydrins,  is  treated 
with  strong  caustic  potash  solution,  and  the 
product  distilled  in  vacuo.  The  portion  boiling 
below  75°  is  washed  with  water  and  distilled. 
The  fraction  boiling  at  118°-119°  is  crude 
epichlorhydrin,  and  may  be  purified  by  redistilla- 
tion in  vacuo  (Fauconnier,  Bull.  Soc.  chim.  ii.  50, 
212).  Mobile  liquid  with  odour  resembling  that 
of  chloroform ; b.p.  116’6°  (corr.)  ; sp.gr. 
1-2031  at  0°/4°  (Thorpe,  Chem.  Soc.  Trans.  1880, 
206)  ; insoluble  in  water.  With  sodium  in 
ethereal  solution  epichlorhydrin  yields  allyl 
alcohol  and  the  diallyl  ether  of  glycerol  (Tornoi, 
Ber.  1888,  1290  ; Kijner,  J.  Russ.  Phys.  Chem. 
Soc.  24,  31)  ; by  heating  with  alkyl  iodides, 
chloriodohydrin  alkyl  ethers  are  produced 
(Paal,  Ber.  1888,  2971) ; ammonia  gas  converts 
it  into  trichlorhydroxypropylamine  (Fauconnier, 
Compt.  rend.  107,  115) ; with  potash  in  the 
presence  of  an  alcohol,  it  5delds  the  corresponding 
dialkyl  ether  of  glycerol  (Zunino,  Atti.  Real. 
Accad.  Lincei,  1897,  ii.  348  ; 1907,  9,  i.  309)  ; 
with  phenols  and  sodium  ethoxide,  glyceryl 
diaryl  ethers  are  formed ; whilst  with  sodium 
hydroxide,  glycide  aryl  ethers  are  produced 
(Boyd  and  Marie,  Chem.  Soc.  Trans.  1908,  838  ; 
1909,  1803  ; Zunino,  Atti.  Real.  Accad.  Lincei, 
18,  i.  254  ; Cohn  and  Plohn,  Ber,  1907,  2597  ; 
Lindemann,  ibid.  1891,  2145)  ; concentrated 
nitric  acid  oxidises  it  to  y8-chlorlactic  acid ; 
alcoholic  ammonia  and  ethylsodiomalonate 
convert  it  into  chlorhydroxypropylmalonamide 
(Traube  and  Lehmann,  Ber.  1899,  720).  It 
combines  with  acid  chlorides  to  form  dichlor- 
hydrin  esters.  Haller  and  March  have  syn- 
thesised ketolactonic  acids  and  other  unsaturated 
compounds  by  condensing  epichlorhydrin  with 
the  sodium  derivatives  of  benzoyl  acetic  esters 
of  acetone  dicarboxylic  ester  and  of  acetylacetone 
(Compt.  rend.  132,  1459  ; 136,  434 ; 137,  11, 
1203).  It  has  also  been  condensed  with  aniline 
(Fauconnier,  ibid.  106,  605 ; 107,  250) ; with 
p-toluidine  (Cohn  and  Friedlander,  Ber,  1904, 
3037)  ; with  prussic  acid  (Lespieau,  Compt.  rend. 
127,  965),  and  with  salicylic  acid  (Lange,  D.  R.  P. 
184382  ; Chem.  Soc.  Abstr.  1906,  i.  930).  Organo- 
magnesium  compounds  react  with  it  to  form 
substituted  chlorhydrins  of  the  type 


R-CH 


CH^OH 

CH^Cl 


(Riedel,  Chem.  Zentr.  1907,  i.  1607  ; H.  R.  P. 
183361  ; Fourneau  and  Tiffeneau,  Bull.  Soc. 
chim.  1,  [4]  1227).  Epichlorhydrin  has  been 
used  as  a solvent  for  resins  for  photographic 
purposes  (Phot.  Korr.  1899,  2), 

^-Epichlorhydrin  (/3  - chlor propylene  oxide) 
< 0 , 

CHa'CHCkCHg.  Obtained  together  with  the 
a-  compound  and  other  products  by  treating  the 
chloriodohydrins  formed  by  treating  ally] 
alcohol  with  iodine  monochloride,  with  dry 
sodium  hydroxide  (Bigot,  Ann.  Chim.  Phys.  22, 


[6]  468).  Liquid;  b.p.  132°-134°.  Phosphorus 
pentachloride  converts  it  into  /Sy-dichloropro- 
pylene,  and  sodium  amalgam  into  allyl  alcohol. 

Polymerides.  (CgHgOCl)^.  Obtained  in  the 
preparation  of  pyrazine  bases  by  the  distillation 
of  glycerol  with  ammonium  phosphate  and 
ammonium  chloride ; by  treating  the  high- 
boiling  fractions  with  hydrochloric  acid,  it  is 
obtained  crystalline;  m.p.  112°-113°;  b.p. 
232°-233°,  Readily  soluble  in  hot  alcohol, 
sparingly  soluble  in  water. 

(C3HgOCl)5.  Obtained  by  treating  a-epichlor- 
hydrin  with  hydrofluoric  acid  in  a platinum  dish. 
Yellow  oil,  soluble  in  alcohol,  benzene,  ether, 
or  acetic  acid.  Dilute  sulphuric  acid  at  200° 
converts  it  into  a substance  resembling  cellulose 
(Paterno  and  Olivieri,  Gazz.  chim.  ital.  24,  i. 
305  ; ii.  541). 

Chlorbutylene  oxide  C4H7OCI.  Obtained  by 
treating  a mixture  of  butenylglycerol  and  glacial 
acetic  acid  with  hydrogen  chloride  ; b.p.  125-5° 
(corr.)  at  738  mm.  ; sp.gr.  1-098  at  15°/0  (Zikes, 
Monatsh.  6,  352). 

EPIDIORITE.  A rock  consisting  essentially 
of  plagioclase-felspar  and  hornblende,  and  with 
a more  or  less  marked  schistose  structure.  It 
has  been  formed  by  the  action  of  pressure- 
metamorphism  on  dolerite  {q.v.),  the  augite  of 
which  has  been  thereby  transformed  into 
hornblende.  Rocks  of  this  class  are  of  wide 
distribution,  and  being  tough  and  hard  they  are 
much  quarried  for  road-mending,  for  example, 
in  Cornwall.  Auriferous  quartz-veins  are  often 
associated  with  epidiorites.  L.  J.  S. 

EPIDOTE.  Basie  silicate  of  calcium,  alu- 
minium, and  ferric  iron,  HCa.2(Al,Fe)3Si30i3,  the 
alumina  and  ferric  oxide  replacing  one  another 
isomorphously,  Fe203  ranging  from  1-6  p.c.  (in 
the  clinozoisite  variety)  to  17  p.c.  The  mono- 
clinic  crystals  are  usually  much  elongated  in  the 
direction  perpendicular  to  the  plane  of  symmetry, 
the  habit  thus  being  prismatic.  The  colour 
ranges  from  green  to  brown,  and  is  usually  a 
characteristic  yellowish -green  resembling  that 
of  a pistachio-nut,  hence  the  name  pistacite 
sometimes  applied  to  this  mineral.  Sp.gr.  3 3 
-3-5 ; H.  6-7.  Good  crystals  are  found  at  many 
localities,  and  very  fine  ones  at  the  Knappenwand 
in  the  Untersulzbachthal  in  Salzburg.  These 
are  of  a deep  green  colour  and  are  sometimes  cut 
as  gem-stones.  Epidote  is  strongly  pleochroic, 
and  when  manganese  (MngOg)  enters  isomorph- 
ously into  the  composition  this  character  becomes 
still  more  pronounced.  This  is  seen  in  the  witha- 
mite  variety  from  Glencoe,  Scotland,  and  in  the 
cherry-red  manganese-epidote  (piedmontite) 
from  San  Marcel,  Piedmont.  As  a rock-forming 
mineral  epidote  is  abundant  in  crystalline  schists 
and  metamorphic  rocks  ; and  it  is  often  present 
in  weathered  igneous  rocks.  A rock  composed 
of  epidote  and  quartz  is  known  as  epidosite  or 
epidote-schist,  and  sometimes  carries  gold. 
Banded  epidosites  have  been  used  as  ornamental 
stones.  L.  J.  S. 

EPINEPHRINE  v.  Adrenaline  ; also  Syn- 
thetic DRUGS. 

EPININE.  Trade  name  for  3. 4 -Dihydro xy- 
phenylethylmethylamine.  See  Adrenaline. 

EPIOSINE.  Trade  name  for  Lmethyl.4.5- 
diphenylene  imidazole. 

EPIRENAN  V.  Synthetic  drugs. 

EPRONAL.  Ethylpropylacetylur  ethane. 
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EPSOM  SALTS.  Magnesium  sulphate  {v. 
Magnesium). 

EPSOMITE  or  Epsom  Salts,  MgS04,7H20, 
as  a mineral  usually  occurs  as  silky  white  fibres 
forming  efflorescences  in  limestone  caves,  mine 
galleries,  &c.  Crystals  are  orthorhombic  with  | 
spheroidal  hemihedrism  and  a prismatic  habit, 
the  prism  angle  being  nearly  a right  angle 
(89°  26').  Although  good  crystals  are  readily 
obtained  by  artificial  means,  in  nature  they  are 
of  rare  occurrence.  They  have,  however,  been 
found  in  the  salt  deposits  at  Stassfurt  in  Prussia  ; 
where  also  a massive  variety  (‘  reichardtite  ’) 
forms  thin  layers  in  carnallite.  This  epsomite 
is  no  doubt  derived  by  the  hydration  of  the 
more  abundant  kieserite,  MgS04,H20.  In 
Albany  Co.,  Wyoming,  and  on  the  border  of 
British  Columbia  and  Washington,  there  are 
several  small  lakes  containing  rich  deposits  of 
compact  white  epsomite.  At  Epsom  in  Surrey, 
from  which  place  the  name  is  derived,  the  salt 
occurs  only  in  solution  in  mineral  waters. 

L.  J.  S. 

' ERBIUM  or  Neo-Erbium.  Sym.  Er.  At.  wt. 
167‘7.  A dark-grey  powder;  sp.gr.  4-77  at  15° 
(S.  Meyer,  Monatsh.  1899,  20,  793). 

Sources. — Ytterbite  (gadolinite),  yttrotant- 
alite,  euxenite,  xenotime. 

The  oxide  of  this  metal  belongs  to  the  group 
of  yttrium  earths,  forming  with  dysprosium 
and  thulium  the  erbium  sub-group,  the  salts  of 
which  are  distinguished  by  their  eolour  and 
by  their  characteristic  absorption  spectra  in 
solution. 

Separation  and  purification  of  the  yttrium 

earths.  The  following  methods  have  been 
employed  in  separating  the  closely  related 
members  of  the  yttrium  earths  : 

1.  Fractional  decomposition  of  nitrates  (Bahr 
and  Bunsen,  Annalen,  1866,  137,  1).  The 
nitrates,  heated  until  nitrous  fumes  are  evolved, 
leave  a vitreous  residue  of  basic  nitrates,  the 
solutions  of  which,  in  hot  water,  slowly  deposit, 
on  cooling,  small  pink  needles  containing  the 
greater  proportion  of  the  coloured  erbium  earths. 
The  crystals  are  extracted  with  3 p.c.  nitric  acid, 
the  solution  evaporated,  the  residue  again 
heated,  and  the  whole  series  of  operations 
repeated  many  times.  The  erbium  earths 
accumulate  in  the  less  soluble  basic  salts, 
whilst  the  remaining  yttrium  earths,  and  any 
cerium  earths  which  may  be  present,  accumulate 
in  the  final  mother  liquors,  and  are  not  readily 
freed  completely  from  the  erbium  earths. 
Further  separation  is  effected  by  heating  these 
nitrates  from  the  final  mother  liquors  so  strongly 
that  the  residue  consists  of  oxides  mixed  with 
insoluble  basic  nitrates,  On  extraction  with 
water,  the  erbium  compounds  remain  undis- 
solved, and  the  operation  is  repeated  till  the 
more  soluble  yttrium  salts  no  longer  show 
absorption  bands. 

According  to  Wichers,  Hopkins  and  Balke 
(J.  Amer.  Chem.  Soc.  1918,  40,  1615)  the  nitrate 
fusion  method  is  very  efficient  for  separating 
erbium  and  yttrium  and  is  much  better  than 
any  of  the  later  methods,  although  the  cobalti- 
cyanide  and  the  nitrite  precipitation  methods 
{v.  supra)  are  both  good,  the  latter  being  the 
more  practicable  and  efficient. 

2.  Differences  in  the  solubility  of  the  oxides. 
— The  oxides  are  mixed  with  water  and  treated  i 


with  an  amount  of  nitric  acid  insufficient  t© 
convert  the  oxides  into  normal  nitrates.  The 
mixture  becomes  hot,  and,  after  cooling,  con- 
centrated nitric  acid  is  added  until  the  product 
assumes  a reddish  tint.  The  precipitate  is  then 
digested  with  alcohol,  which  dissolves  the  normal 
nitrate,  to  the  exclusion  of  the  basic  nitrates. 
The  latter  consists  chiefly  of  erbium  salts  mixed 
with  some  ytterbium  and  scandium  compounds, 
the  more  basic  yttrium  and  cerite  metals  passing 
into  solution.  The  final  separation  of  erbium 
from  ytterbium  and  scandium  is  effected  by 
fractionally  precipitating  the  basie  nitrates  by 
adding  oxides  to  the  solution  of  normal  nitrates. 
In  this  operation  ytterbium  and  scandium  are 
precipitated  as  basic  nitrates,  while  erbium 
remains  dissolved  {v.  Hrossbach,  Ber.  1902,  35, 
2826). 

3.  Fractional  precipitation  by  alkalis  or 
aniline. — The  addition  of  ammonia  to  hot 
solutions  of  the  salts  of  the  yttrium  group 
occasions  the  precipitation  of  basic  salts  which 
are  easily  filtered. 

The  neutral  chloride  dissolved  in  50  p.c. 
alcohol  is  decomposed  at  90°  with  alcoholic 
aniline,  or  the  hydroxide  is  treated  with  aniline 
hydrochloride  in  aqueous  solution  (Hrossbach, 
Ber.  1896,  29,  2452  ; Mullmann  and  Baur,  ibid. 
1900,  33,  1748  ; 1902,  35,  2382  ; Urbain,  Compt. 
rend.  1901,  132,  136 ; Kriiss,  Annalen,  1891, 
265,  1 ; Zeitsch.  anorg.  Chem.  1893,  3,  108, 
353,  407). 

4.  Fractionation  with  ammonium  carbonate 
and  acetic  acfd.— The  hydroxides  of  the  yttrium 
group  are  moderately  soluble  in  concentrated 
aqueous  ammonium  carbonate,  and  from  this 
solution  the  earths  may  be  fractionally  pre- 
cipitated by  acetic  acid  (Dennis  and  Dales, 
J.  Amer.  Chem.  Soc.  1902,  24,  400). 

■ 5.  Fractionation  of  oxalates,  acetates,  acetyl- 

acetonates,  ethylsulphates  (Urbain,  Ann.  Chim, 
Phys.  1900,  [7]  19,  184  ; Marc,  Ber.  1902,  35, 
2370)  ; formates  (K.  A.  Hofmann,  ibid.  1908,  41, 
308)  ; ferrocyanides  (Bohm,  Die  Darstellung 
der  seltenen  Erden)  ; bromates  (James,  J. 
Amer.  Chem.  Soc.  1908,  30,  182)  ; chromates 
(Kriiss  and  Zoose,  Zeitsch.  anorg.  Chem.  1893, 
3,  92). 

Various  methods  of  separation  of  erbium 
from  yttrium  have  been  examined  by  Willand 
and  James  (J.  Amer.  Chem.  Soc.  1916,  38,  1198), 
who  find  that  fractional  precipitation  with  (1) 
sodium  nitrite ; (2)  with  potassium  cobalti- 

cyanide  from  a hydi’ochloric  acid  solution  ; (3) 
with  sodium  phosphate  from  a dilute  nitric  acid 
solution  of  the  oxides  on  the  whole  yield  the 
best  results.  In  all  three  methods  the  last 
fraction  was  obtained  by  the  addition  of  oxalic 
acid  to  the  final  liquors. 

Erbia  {erbium  oxide)  ErgOg.  A pink  powder 
obtained  by  heating  the  oxalate  at  575°-845°  ; 
sp.gr.  8 ’64  ; sp.ht.  0'065.  So  prepared  is  apt 
to  retain  carbon  dioxide. 

The  salts  of  erbium  have  a pink  or  reddish 
colour,  a sweet,  astringent  taste,  and  their  so- 
lutions exhibit  characteristic  absorption  bands 
in  the  red,  green,  and  blue  regions  of  the  spec- 
trum. The  wave  lengths  corresponding  with 
the  two  most  prominent  bands  are  as  follows  : 

A 522 -5-523 -5  and  647-5-651-5. 

Unless  ionic  dissociation  is  repressed,  dilute 
solutions  of  the  various  erbium  salts  exhibit 
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identical  absorption  spectra  (Zeitsch.  physikal. 
Chem.  1906,  56,  624  ; v.  Purvis,  Proc.  Camb. 
Phil.  Soc.  1903,  12,  202,  206).  The  absorption 
bands  undergo  displacement  when  the  solutions 
are  placed  in  a magnetic  field  (J.  Becquerel, 
Compt.  rend.  1907,  145,  1412). 

(For  accounts  of  the  flame,  spark,  and  arc 
emission  spectra,  v.  Tha.len,  ibid.  1880,  91,  326  ; 
Exner  and  Haschek,  Wien.  Akad.  Ber.  1899,  108, 
Tla,  1071,  1123  ; Eder,  Chem.  Zentr.  1916,  i. 
242  ; ibid.  ii.  455.)  According  to  Eder  erbium  is 
probably  complex. 

Erbium  salts  exhibit  signs  of  radio-activity 
(Strong,  Amer.  Chem.  J.  1909,  42,  147). 

Erbium  sulphate  Er2(S04)3,8H20.  Pink 
monoclinic  crystals,  separating  from  aqueous 
solution  at  20°-25° ; isomorphous  with  the 
corresponding  yttrium,  praseodymium,  and 
neodvmium  salts  (Kraus,  Zeitsch.  Cryst.  1901, 
34,  307). 

The  double  sulphates  Er2(S04)3,K2S04,4H20 
and  Er2(S04)3,(NH4)2S04,4H20,  are  readily 
soluble  in  cold  water. 

Erbium  nitrate  Er(N03)3,5H20.  Large 
reddish  crystals  stable  in  air.  When  heated  on 
platinum  wire,  the  nitrate  imparts  an  intense 
greenish  colour  to  the  flame,  which,  when  viewed 
through  the  spectroscope,  shows  bright  lines  in 
the  yellow-green  and  orange-blue  regions  of  the 
spectrum.  These  bright  lines  correspond  in 
position  with  the  dark  bands  of  the  absorption 
spectrum. 

Erbium  formate  Er(CH02)3,2H20.  Crystal- 
lises from  cold  aqueous  solution. 

Erbium  oxalate  Er2(C2O4)3,10H2O  (K.  A. 
Hofmann,  Ber.  1910,  43,  2631)  is  a reddish, 
sparingly  soluble  microcrystalline  powder. 

Erbium  platinocyanide  Er2[Pt(CN)4]3,2in20, 
like  the  corresponding  yttrium  salt,  crystallises 
in  red  prisms  with  a green  metallic  reflex.  For 
other  salts,  see  Morgan  and  James,  J.  Amer. 
Chem.  Soc.  1914,  36,  10  ; Katz  and  James,  ibid. 
1913,  35,  872.  G.  T.  M. 

ERECTHIDIS  OIL  consists  of  a terpene 
CioHjg,  which  boils  at  175°,  and  at  18'5°  has  a 
sp.gr.  of  0’838.  This  bodyalDsorbs  a molecule  of 
hydrochloric  acid  without  the  separation  of  a 
crystalline  compound.  The  portion  of  the  oil 
which  boils  above  200°  also  consists  of  a terpene 
(Beilstein  and  Wiegand,  Ber.  15,  2854). 

EREPSIN  V.  Enzymes,  art.  Fermentation. 

ERGAMINE,  ERGOSTEROL,  ERGATHI- 
ONEINE,  ERGOTIN,  ERGOTININE,  ERGO- 
TOXINE  V.  Ergot. 

ERGOT  OF  RYE.  Spurred  rye ; Ergota, 
B.P.,  U.S.P.  Secale  cornutum.  {Ergot  de  seigle, 
Fr.  ; Mutterkorn,  Ger.)  Ergot  of  rye  consists 
of  the  dried  sclerotium  (resting  stage)  of  the 
fungus  Claviceps  purpurea  (Tulasne)  developed 
from  the  ovary  of  the  rye  {Secale  cereale).  The 
grains  are  dark  violet -black,  1-4  centimetres 
long,  slightly  curved  and  tapering  at  both  ends. 
The  same  or  a closely  related  fungus  occurs  on 
a number  of  other  grasses,  wild  and  cultivated, 
and  on  some  Cyperacece.  The  first  definite 
mention  of  ergot  which  the  writer  has  been  able 
to  trace,  is  in  the  1582  edition  of  Adam  Lonicer’s 
Kreuterbuch,  cap.  ccclxx.  p.  285,  where  its 
use  by  midwives  is  also  referred  to.  From  an 
account  by  the  medical  faculty  of  Marburg, 
published  in  1597,  down  to  the  middle  of  the 


19th  century,  there  is  a voluminous  literature 
in  German  and  in  French,  on  ergotism  ; there 
seems  little  doubt,  however,  that  the  epidemic 
ignis  sacer  of  the  Middle  Ages  was  also  due  to 
the  presence  of  ergot  in  flour  (c/.  Ehlers,  L'ergo- 
tisme,  Paris,  1896).  Only  one  outbreak  of 
ergotism  in  England  (due  to  wheat)  has  been 
described  (Phil.  Trans.  Roy.  Soc.  1762,  52,  530). 
The  use  of  ergot  by  midwives  was  forbidden 
in  several  countries  about  1770-1780,  but  in 
the  second  decade  of  the  last  century  it  was 
definitely  introduced  into  scientific  medicine 
by  the  American  physicians  Prescott  and 
Stearns,  and  now  ergot  is  only  important  as  a 
drug,  being  chiefly  employed  as  a stimulant  of 
uterine  muscle.  In  the  United  States  ergot 
growing  on  wild  grasses  (especially  on  species  of 
Elymus,  cf.  also  Amberg,  Schweiz.  Woch.  Chem. 
Pharm.  1911,  49,  489),  has  occasionally  given 
rise  to  extensive  poisoning  of  horses  and  cattle. 
Further  botanical  and  historical  details  are 
given  by  Fluckiger  and  Hanbury,  p.  740. 
Cooke,  Brit.  Fungi,  772  ; Pharm  J.  [iii.]  1,  702  ; 
Parsons,  Rep.  U.S.  Commissioner  Agriculture, 
1880,  136  ; Holmes,  Pharm.  J.  1886,  [iii.]  16, 
684  ; Kobert,  Historische  Studien,  Halle,  1889  ; 
Carruthers,  Rep.  Roy.  Agric.  Soc.  1874,  [ii.] 
10,  443  (with  illustrations  of  ergot  on  other 
grasses). 

The  chief  commercial  varieties  of  ergot  of 
rye  come  from  Russia  and  from  Spain.  ‘ Bold  ’ 
ergot  with  large  grains,  is  probably  of  no  special 
value,  because  several  writers  agree  that  the 
larger  grains  have  a smaller  percentage  of 
alkaloid  than  the  smaller  ones.  Although  they 
are  not  official,  other  ergots,  growing  on  wild 
grasses,  deserve  attention  as  a source  of  alkaloid. 
E.g.  that  on  Monilia  coerulea  has  been  found  to 
contain  as  much  as  0‘81  p.c.  Festuca  ergot 
contains  0'34  p.c.  (Pharm.  J.  1913,  130).  Per- 
haps ‘ Hiss  ’ ergot  on  Ampelodesmostenax{JATnk.), 
occurring  along  the  coast  of  Algeria,  might  thus 
be  utilised  {cf.  Germaix  et  Chassang,  Rev.  med. 
et  pharm.  de  I’Afrique  du  Nord,  Alger,  1898, 
1,  45,  78,  113,  146,  184  ; also  Holmes,  Pharm.  J. 
1886,  [iii..]  16,  684).  Hiss  ergot  has  better 
keeping  properties  than  ergot  of  rye,  about  which 
the  Brussels  Conference  agreed  that  it  should 
not  be  more  than  one  year  old  and  should  be 
preserved  entire.  The  rapid  deterioration  of 
ergot  seems  to  be  due  to  oxidation,  which 
is  favoured  by  the  presence  of  the  oil.  Hence 
removal  of  the  latter  by  light  petroleum  has 
been  recommended.  Aymonier  (J.  Pharm. 
Chim.  1897,  [vi.]  6,  359)  suggests  coating  the 
ergot  with  a dilute  ethereal  solution  of  tolu 
balsam. 

The  literature  on  the  chemistry  of  ergot 
is  as  voluminous  as  that  on  ergotism.  The 
first  investigation  is  recorded  by  J.  G.  Model 
in  his  Chymische  Nebenstunden  (Wittenberg, 
1771),  seven  years  after  von  Miinchhausen 
had  first  recognised  the  drug  as  a fungus. 
Among  older  writers  we  need,  however,  only 
mention  here  Tanret  (Compt.  rend.  1875,  81, 
896),  who  first  obtained  the  crystalline  alkaloid 
ergotinine,  and  Buchheim  (Arch.  exp.  Path. 
Pharm.  1874,  3,  1)  who,  albeit  without  experi- 
mental evidence,  expressed  the  view  that  the 
activity  of  ergot  is  due  to  decomposition  products 
of  protein.  The  active  principles  of  ergot  have 
only  been  obtained  pure  in  recent  years.  They 
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are  a complex  alkaloid  and  some  simpler 
I3S1S0S 

Ergotoxine  Og^H^iOeNg,  m.p.  162°-164°,  an 
amorphous  alkaloid  yielding  crystalline  salts, 
of  which  the  phosphate  C35H4i06N5,H3P04H20, 
m.p,  187°-188°,  is  the  most  readily  obtainable 
(Barger  and  Carr,  Chem.  News,  1906,  94,  89 ; 
Trans.  Chem,  Soc.  1907,  91,  337  ; Barger  and 
Ewins,  ibid.  1910,  97,  284 ; 1918, 113,  235).  This 
alkaloid  had  been  obtained  in  an  impure  form 
as  ‘ amorphous  ergotinine  ’ by  Tanret,  and  was 
termed  hydroergotinine  by  Kraft  (Arch.  Pharm. 
1906,  244,  336  ; 1907,  245,  644),  who,  without 
analyses,  first  recognised  it  as  a hydrate  of 
Tanret’s  ergotinine. 

The  alkaloids  of  ergot  are  best  obtained  on 
a small  scale  by  extracting  the  powdered  drug 
with  ether  and  shaking  the  ethereal  solution 
with  a weak  aCid  (citric,  tartaric).  Excess  of 
strongly  ionised  mineral  acids  precipitates  the 
salts  of  the  ergot  alkaloids,  which,  on  account 
of  their  high  molecular  weight,  are  semi-colloids. 
This  property  led  many  of  the  earlier  investiga- 
tors into  error,  but  may  be  put  to  account  when 
working  on  the  large  scale.  The  residue  left 
on  evaporation  of  an  alcoholic  tincture  of  ergot 
is  extracted  with  light  petroleum,  to  remove  the 
fat.  It  is  then  dissolved  in  ethyl  acetate  and 
shaken  with  citric  acid ; sodium  bromide  solu- 
tion then  precipitates  the  mixed  hydrobromides 
almost  quantitatively.  The  latter  are  dissolved 
in  dilute  caustic  soda,  from  which  ether  removes 
only  ergotinine.  The  caustic  soda  solution  is 
then  neutralised,  made  alkaline  with  sodium 
carbonate  and  extracted  again  with  ether. 
The  crude  ergotoxine  left  on  evaporation,  to- 
gether with  that  from  the  mother  liquors  of 
t^he  crystallisation  of  ergotinine  (see  below),  is 
dissolved  in  80  p.c.  alcohol  and  a slight  excess 
of  syrupy  phosphoric  acid  in  alcohol  is  added. 
On  standing  for  a few  days  the  ergotoxine 
phosphate  crystallises  in  thin  needles,  which 
on  recrystallisation  from  50  parts  of  90  p.c. 
alcohol  may  be  transformed  into  broad  plates. 
They  are  soluble  in  313  parts  of  cold  and 
14  parts  of  boiling  90  p.c.  alcohol.  By 
shaking  with  cold  distilled  water  a 1 p.c,  solu- 
tion is  obtainable,  which  is  strongly  opalescent 
and  sets  to  a thick  jelly  on  the  addition  of 
electrolytes.  For  physiological  experiments 
ergotoxine  is  best  dissolved  in  dilute  sodium 
hydroxide. 

Ergotinine,  although  not  physiologically 
active,  may  be  considered  here.  The  alkaloid 
left  on  evaporation  of  its  ethereal  solution 
(above)  readily  crystallises  from  absolute  alcohol 
in  needles,  m.p.  229°  (corr.),  and  having  the 
composition  C35H39O5N5.  It  is  extremely 
soluble  in  cold  chloroform,  and  dissolves  in 
292  parts  of  absolute  alcohol  at  18°  ; in  alcohol 
[a]p  = -]-338° ; the  solutions  are  strongly  fluores. 
cent.  Prolonged  boiling  with  alcohol  lowers 
the  rotation  and  produces  an  amorphous  de- 
composition product.  Heating  in  alcoholic 
solution  with  slightly  more  than  one  equivalent 
of  (phosphoric)  acid  transforms  ergotinine  into 
ergotoxine  phosphate  which  may  be  crystallised. 
The  same  change  takes  place  slowly  in  cold 
dilute  acetic  acid.  Conversely  ergotoxine  is 
dehydrated  to  ergotinine  by  boiling  with  methyl 
alcohol  or  by  warming  with  acetic  anhydride. 

Both  alkaloids  give  the  following  colour 


reaction  (Tanret).  A solution  of  1 m.g.  of  the 
alkaloid  in  ether  or  in  ethyl  acetate  is  allowed 
to  evaporate  on  the  surface  of  concentrated 
sulphuric  acid  (containing  oxides  of  nitrogen). 
A transitory  orange  colour  is  developed  changing 
to  violet-blue.  Keller  (Schweiz.  Woch.  Chem. 
Pharm.  1894,  32,  121)  has  improved  this  by 
dissolving  2-3  m.g.  of  the  solid  alkaloid  in  sul- 
phuric acid  on  a watch  glass  and  stirring  in  a 
trace  of  anhydrous  ferric  chloride,  when  an 
orange  colour  is  produced,  changing  to  deep  red 
and  then  becoming  blue  or  green  at  the  edges. 
Alternatively  the  solution  of  the  alkaloid  in 
glacial  acetic  acid  may  be  poured  on  sulphuric 
acid,  without  mixing.  The  test  yields  a positive 
result  with  the  crude  alkaloid  from  1 gram  of 
ergot. 

Both  alkaloids  are  sensitive  to  general  alka- 
loidal  precipitants,  potassium  mercuric  iodide 
giving  a faint  opalescence  with  1 part  of  alkaloid 
in  1-2  millions  of  water.  On  dry  distillation 
both  alkaloids  yield  a crystalline  sublimate  in 
wobutyryl  formamide  CH(CH3)2CO'CO'NH2 
(Barger  and  Ewins,  l.c.).  Ergotoxine  probably 
contains  a carboxyl  group  and  ergotinine  is 
the  corresponding  lactone.  Both  contain  one 
-N-methyl  group,  but  no  0-methyl  group  (Barger 
and  Ewins,  Chem.  Soc.  Trans.  1918,  113, 
235).  Ergotinine  does  not  yield  any  crystalline 
salts. 

The  total  alkaloids  of  ergot  {i.e.  ergotoxine 
-h  ergotinine)  may  be  estimated  by  exhausting 
the  finely  powdered  drug  with  light  petroleum, 
mixing  it  with  magnesia,  extracting  with  ether 
and  shaking  the  ether  with  dilute  acid.  After 
making  alkaline  with  ammonia  the  alkaloids 
are  again  shaken  into  ether,  and  estimated 
gravimetrically  (Keller,  l.c.).  For  details  and 
results  of  analysis,  see  Allen’s  Comm,  Organic 
Analysis,  1913,  vol.  vii.  p.  21.  The  alkaloidal 
content  varies  roughly  from  Od  to  0‘4  p.c.,  and  in 
Russian  and  Spanish  ergot  is  generally  between 
0-2  and  0’3  p.c.  Konig  (Apot.  Zeitsch.  1912,  27, 
879)  found  10  samples  of  German  ergot  to 
contain  0-032-0 -14  p.c.  An  approximate  idea 
of  the  ergotoxine  content  may  be  obtained  by 
physiological  means  (Barger  and  Hale,  Bio-Chem. 
J.  1907,  2,  240). 

In  addition  to  a specific  alkaloid,  the  active 
rinciples  of  ergot  compiise  a number  of  simpler 
ases,  derived  from  the  amino-acids  of  protein 
by  loss  of  carbon  dioxide.  Of  these  /8-iminazo- 
1yl  ethyl  amine  (from  histidine)  and  p-hydroxy- 
phenylethylamine  (from  tyrosine)  are  thera- 
peutically the  most  important.  They  can  be 
prepared  synthetically  and  are  also  formed  by 
putrefaction.  Their  physiological  action  has 
been  much  studied  of  late  and  they  have  been 
applied  practically. 

Histamine  {^-iminazolylethylamine  ‘ 4- 

^-aminoethylglyoxaline,  ergamine) 

CH=K 

I >C-CH2-CH2-NH2 

NH-CH/ 

was  obtained  first  synthetically  by  Windaus 
and  Vogt  (Ber.  1907,  70,  3691)  and  then  by 
Ackermann  (Zeitsch.  physiol, Chem.  1910,  65,  504) 
by  the  putrefaction  of  histidine.  Its  intense 
physiological  activity  was  not  recognised  until 
it  was  isolated  from  a commercial  dialysed  ergot 
preparation  (Barger  and  Hale,  Chem.  Soc.  Trans. 
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1910,  97,  2592).  Kutscher  (Zentralb.  Physiol. 
1910,  24,  163)  isolated  it  simultaneously  from 
ergot,  but  did  not  eorrectly  identify  it.  The 
substance  is  certainly  present  in  eigot  as  such, 
but  its  amount  may  be  increased  by  such 
processes  as  prolonged  extraction  and  dialysis. 
The  base  can  be  obtained  directly  from  histidine 
by  putrefaction  (E.  R.  PP.  2528724,  256116, 
Hoffmann,  La  Roche  & Co  ; H.  R.  P.  250110, 
F.  Bayer  & Co.  ; ^ the  yield  is  inconstant  but 
may  reach  60  p.c.  or  more).  It  may  also  be 
made  from  histidine  by  heating  with  acids  (Ewins 
and  Pyman,  Trans.  Chem.  Soc.  1911,  99,  339; 
yield  25  p.c.).  It  is  best  obtained  by  reduction 
of  the  nitrile  of  iminazolylpropionic  acid  (Pyman, 
Trans.  Chem.  Soc.  1911,  99,  668),  which  nitrile 
in  its  turn  is  obtained  most  conveniently  from 
histidine  by  the  action  of  chloramine-T  (Dakin, 
Biochem.  J.  1916,  10,  322),  although  it  may 
also  be  synthesised,  according  to  Pyman  {l.c. ; 
cf.  also  Koessler  and  Hanke,  J.  Amer.  Chem. 
Soc.  1918,  40,  1706).  The  most  important  salts 
are  the  pTiospliate  Q ^ forming  large 
crystals,  and  the  dipicrate 

yellow  rhombic  leaflets,  m.p.  238°-242°  (corn). 
The  free  base  is  readily  soluble  in  water ; its 
solutions  give  Pauly’s  histidine  reaction  with 
sodium  p-diazobenzene  sulphonate ; a very 
distinct  rose-pink  colouration  is  still  obtainable 
at  1 : 10,000 

Tyramine  (p- Hydroxy  phenylethylamine) 

0H-C6H4-CH2‘CH2NH2  is  similarly  derived 
from  tyrosine  by  loss  of  carbon  dioxide.  On 
a small  scale  it  can  be  obtained  by  heating 
tyrosine  to  260°-270°  under  reduced  pressure 
(Schmitt  and  Nasse,  Annalen,  1865,  133,  211  ; 
Ehrlich  and  Pistschimuka,  Ber.  1912,  45,  1006, 
thus  obtained  a 50  p.c.  yield).  On  a larger 
scale  it  is  best  got  by  reduction  of  p-hydroxy- 
benzylcyanide  according  to  Barger  (Trans. 
Chem.  Soc.  1909,  95,  1123),  who  first  isolated 
it  from  ergot.  It  also  occurs  as  a product  of 
putrefaction  (Barger  and  Walpole,  J.  Physiol. 
1909,  38,  343).  The  free  base  melts  at  161° 
and  boils  at  175°-180°  and  8 mm.  It  dissolves 
in  95  parts  of  water  at  15°  and  can  be  extracted 
from  aqueous  solutions  by  shaking  many  times 
with  ether,  more  readily  by  amyl  alcohol.  It 
gives  Millon’s  reaction,  the  most  characteristic 
derivative  is  the  dibenzoyl  compound  C22H49O3N, 
m.p.  170°. 

Acetylcholine 

0H(CH3)3NCH2-CH20-0C-CH3 

occurs  in  ergot  and  ergot  extracts  in  varying 
small  amounts.  It  was  isolated  by  Ewins 
(Biochem.  J.  1914,  8,  44)  from  a B.P.  liquid 
extract.  It  is  hydrolysed  almost  at  once  by 
rendering  its  solution  alkaline  with  eaustic  soda. 

Physiological  action  of  the  active  principles. — 
Ergotinine  is  inert,  but  ergotoxine  causes,  on 
intravenous  or  intramuscular  injection,  a pro- 
longed rise  of  blood  pressure  and  contraction 
of  the  pregnant  uterus.  Repeated  administra- 
tion leads  to  dry  gangrene,  e.g.  of  the  cock’s 
comb,  which  is  coloured  purplish  black  by  small 
doses,  a reaetion  used  at  one  time  for  the  testing 
of  ergot  preparations  (for  criticism  v.  Cronyn 
and  Henderson,  J.  Pharm.  exp.  Therap.  1909, 
1,  231).  Ergotoxine  is  the  poisonous  principle 

VoL.  11.— T. 


responsible  for  epidemic  ergotism  (Robert 
attributed  the  two  types  of  this  disease  to  the 
alkaloid  cornutine  and  the  resin  sphacelinic 
acid,  but  both  these  substances  seem  to  have 
been  ergotoxine  in  an  impure  or  modified  form  ; 
cf.  Barger  and  Dale,  Biochem.  J.,  1907,  2,  240). 
;8-Iminazolylethylamine  is  one  of  * the  most 
potent  of  drugs,  causing  marked  contraction  of 
the  isolated  guinea-pig’s  uterus  in  a bath  con- 
taining 1 : 25,000,000.  p-Hydroxyphenylethyl- 
amine  resembles  adrenaline  in  action,  as  in 
structure,  but  is  much  less  potent ; it  causes  a 
rather  transitory  rise  of  blood  pressure.  Acetyl- 
choline is  not  a therapeutically  desirable  consti- 
tuent. It  has  a muscarine-like  action,  inhibiting 
the  heart,  and  stimulates  intestinal  muscle 
(Hunt  and  Taveau,  Hygienic  Bulletin,  Washing- 
ton, No.  73,  1911).  In  most  ergot  preparations 
the  amount  is  negligible.  For  a detailed  account 
of  the  last  three  and  most  of  the  following  bases, 
see  Barger,  the  Simpler  Natural  Bases,  Long- 
mans, 1914. 

In  addition  to  /3-iminazolylethylamine,  p- 
hydroxyphenylethylamine  and  acetylcholine, 
there  have  been  found  in  ergot  quite  a number 
of  other  substances  of  bio-chemical  interest, 
which  are  not  peculiar  to  the  drug.  They  are 
inert,  or  have  only  a slight  physiological  action. 
Putrescine  and  Cadaverine  (Rielander,  Sitzber. 
Ges.  Naturw.  Marburg,  No.  7,  1908),  isoamyl- 
amine  (Barger  and  Dale,  Proc.  Physiol.  Soc., 
May  15,  1909),  and  agmatine  (Engeland  and 
Kutscher,  Zentralbl.  Physiol.  1910,  24,  479)  are 
all  amines,  derived  respectively  from  ornithine, 
lysine,  leucine  and  arginine,  by  decarboxylation. 
Agmatine  has  an  action  on  the  uterus  like  that 
of  /S-iminazoljdethylamine,  but  very  much 
feebler.  It  is  guanidylbutylamine 

NH2-C(;NH)NH-CH2CH2-CH2-CH2NH2 

and  was  first  discovered  in  herring  roe  by 
Kossel  (Zeitsch.  physiol.  Chem.  1910,  66,  257). 
A few  amino-acids  have  also  been  found  as 
such  : leucine  (Buchheim,  l.c.),  aspartic  acid 
(Barger  and  Dale,  Biochem.  J.  1907,  2,  240), 
leucine,  isoleucine,  valine  (van  Slyke,  J.  Pharmac. 
exp.  Therap.  1909,  1,  265).  A mixture  of  these 
was  described  as  an  active  principle,  ‘ clavin  ’ 
by  Vahlen  (Acrh.  exp.  Pharm.  Path.  1906, 
55,  131).  There  are  further  present  choline 
which  gives  rise  to  the  odour  of  trimethylamine, 
when  ergot  is  treated  with  sodium  hydroxide 
(Brieger,  Zeitsch.  physiol.  Chem.  1887,  11,  184), 
(for  acetylcholine,  see  above),  betaine  and  uracil 
(Rielander,  l.c.),  vernine  C43H2o08N8,3H20, 
which  also  occurs  in  leguminous  seedlings 
(Schulze  and  Bosshard,  Zeitsch.  physiol.  Chem. 
1887,  10,  80),  lactic  acid,  mannitol,  trehalose, 
phytosterols  and  fats  {see  below). 

Inert  constituents  which  so  far  have  not  been 
found  elsewhere  are  : secale  aminosulphonic  acid 
Ci5H260i5(NH2)S03H  (Kraft,  l.c.),  prisms,  m.p. 
200°,  soluble  in  water  giving  an  acid  solution ; 
ergothioneine  C9Hj502N3S,2H20,  isolated  by 
Tanret  (J.  Pharm.  (3him.  1909,  [vi.]  30,  145) 
in  an  amount  of  0-1  p.c.  and  shown  by  Barger 
and  Ewins  (Trans.  Chem.  Soc.  1911,  99,  2336) 
to  be  the  trimethylbetaine  of  thiolhistidine ; 
secalonic  acid  C14H14O6,  a crystalline  yellow 
colouring  matter,  m.p.  244°,  present  to  the 
extent  of  about  2 p.c.  (Kraft,  l.c.).  This  sub- 
stance is  probably  the  lactone  of  an  hydroxy 

2 T 


642 


ERGOT  OF  RYE. 


acid,  and  possibly  identical  with  sclerocrystallin 
(Eragendorlf  and  Podwyssotzki,  Arch.  exp. 
Path.  Pharm.  1877,  6,  174).  Another  crystalline 
yellow  colouring  matter  Ci5Hj407,H20,  m.p. 
350°,  after  regeneration  of  a crystalline  acetyl 
derivative,  has  been  described  by  Freeborn 
(Pharm.  J.  1912,  [iv.]  34,  568).  The  most 
important  colouring  matter  of  ergot,  sclerery- 
thrin,  is  not  known  in  a pure  condition.  It 
is  the  cause  of  the  deep  purplish  red  colour  of 
the  outer  cells  of  the  grain  and  is  valuable  for 
the  recognition  of  ergot  in  flour,  &c.  The 
substance  is  acidic,  and  apparently  present  as 
a salt,  for  it  is  not  extracted  by  ether  until  the 
ergot  has  been  moistened  with  water  containing 
tartaric  acid.  It  is  soluble  in  aqueous  alkalis 
with  a red  colour.  Clavicepsin  C4gH3404g, 

m.p.  198°  when  anhydrous,  [a]^^=  + 142-27°, 

was  extracted  from  ergot  by  Marino-Zuco  and 
Pasquero  (Gazz.  chim.  ital.  1910,  41,  368).  It  is 
hydrolysed  by  acids  to  two  molecules  of  glucose 
and  one  of  mannitol.  The  oil  is  quantitatively  the 
most  important  constituent  (mostly  30-33  p.c.) 
and  has  been  examined  by  Rathje  (Arch.  Pharm. 
1 908, 246, 692),  who  found  D.  =0-9250,  -4685, 

saponification  number  179-3,  acid  number ,11 -38, 
iodine  number  74-0,  Hehner  number  96-25, 
Reichert-Meissl  number  0-63  and  true  acetyl 
number  27 -44^^  The  percentage  composition 
is  oleic  acid  68,  hydroxyoleic  acid  22,  palmitic 
acid  5,  unsaponifiable  matter  0-35,  inorganic 
matter  0-2,  alkaloid  0-6,  and  glycerol  7-5. 

Ergosterol  C27H420,H20,  m.p.  165°,  and 
fungisterol  C26H4oO,H20,  m.p.  144°,  have  been 
separated  by  Tanret  (Compt.  rend.  1908,  147, 
75).  The  second  at  least  seems  to  exist  in  other 
fungi. 

The  detection  of  ergot  in  flour  is  based  on 
the  presence  of  alkaloids  and  of  sclererythrin, 
and  on  the  fact  that  the  ergot  particles  float 
when  the  flour  is  shaken  with  an  alcohol- 
chloroform  mixture  of  density  1 -435.  After 
pouring  off,  alcohol  is  added,  when  the  ergot 
sinks  and  can  be  examined  microscopically. 
For  further  details,  see  Allen’s  Commercial 
Organic  Analysis,  vol.  vii.,  1913,  p.  23,  and 
Marino-Zuco  and  Duccini  (Gazz.  chim.  ital. 


1914,  44,  437). 

For  a critical  discussion  of  the  ergot  prepara- 
tions of  the  British  Pharmacopoeia,  see  Carr  and 
Dale  (Pharm.  J.  1913,  [iv.]  37,  130).  It  should 
be  noted  that  ‘ ergotin  ’ is  not  a pure  substance, 
but  a purified  soft  extract.  The  varying  activity 
of  different  extracts  should  be  controlled  by 
physiological  test.  G.  B. 

ERGOTINE  V.  Ergot  of  eye. 

ERGOTININE  v.  Ergot  of  rye. 

ERICA  B V.  Primuline. 

ERICIN.  Trade  name  for  salicylic  methoxy- 


methyl  ester  CgH4<C 


OH 

CO-O-CH2-OCH3 


ERICOL.  Guaiacol  acetate. 

ERICOLIN  is  found  in  several  plants  belong- 
ing to  the  order  Ericacece,  especially  in  the  herb  of 
the  marsh  wild  rosemary.  Ledum  palustre  (Linn.) 
(Rochleder  and  Schwarz,  Annalen,  84,  368),  less 
abundantly  in  the  common  heath  or  ling,  Calluna 
vulgaris  (Salisb.)  (Rochleder,  ibid.  354),  in  Rhodo- 
dendron ferrugineum  (Linn.)  (Schwarz,  ibid.  361), 
and  in  the  red  bearberry,  Arctostaphylos  Uva-ursi 
(Spreng.)  (Kawalier,  Sitz.  W.  9,  29). 


! To  prepare  it  from  L.  palusire,  the  chopped 
leaves  are  thrown  into  boiling  water  and  boiled 
for  several  hours.  The  filtrate  obtained  after 
! adding  basic  lead  acetate  to  the  liquid  is  evapo- 
rated in  a retort  to  one-third  of  its  bulk.  In 
I Thai’s  modification  of  this  process  (Ber.  16, 
1502),  the  liquid  is  concentrated  in  vacuo,  the 
I separated  lead  salt  filtered  off,  and  the  liquid 
freed  from  lead  by  hydrogen  sulphide.  The 
filtrate  is  then  evaporated  to  a syrup,  and  the 
ericolin  dissolved  out  by  anhydrous  ether  alcohol. 
The  substance  left  on  evaporating  this  solvent  is 
repeatedly  dissolved  in  a mixture  of  ether  and 
alcohol  till  it  no  longer  leaves  any  residue 
(Rochleder  and  Schwarz). 

On  heating  the  mother  liquor  obtained  in  the 
I preparation  of  arbutin  from  the  leaves  of  red 
bearberry  with  dilute  hydrochloric  or  sulphuric 
acid,  ericolin  is  deposited  as  a resinous  precipi- 
tate, which  may  be  purified  by  solution  in 
alcohol  and  precipitation  by  water  (Kawalier). 

Rochleder  and  Schwarz,  after  deducting 
10-6  p.c,  ash,  found  ericolin  to  contain  51-71  p.c. 
carbon  and  7-19  hydrogen,  whence  they  deduced 
its  formula  to  be  C34H5g034  (51-00  C and  7-00  H). 

Thai  {I.C.),  after  separating  an  admixed  sub- 
stance (containing  57-5  p.c.  carbon  and  7-29 
hydrogen),  which  was  insoluble  in  ether  alcohol, 
from  ericolin,  assigned  to  the  latter  body  the 
formula  C2gH2403,  but  subsequently  altered  it  to 
C26H30O3  to  explain  the  decomposition  equations 
of  the  substance.  Ericolin,  as  prepared  by  Thai, 
is  a brown-yellow,  odourless,  hygroscopic,  bitter 
substance  decomposing  even  below  100°.  It  is 
decomposed  by  water.  By  extracting  succes- 
sively with  benzene,  chloroform,  and  a mixture 
of  ether  and  alcohol,  different  substances  go  into 
solution ; it  appears  that  the  ericolin  is  thus 
broken  up  into  a sugar  and  ericinol.  With 
dilute  sulphuric  acid  warmed  to  100°,  a sugar 
and  a resinous  brown-yellow  viscid  mass,  hy- 
droericinol,  are  produced.  An  analysis  of  the 
latter  body  gave  numbers  corresponding  with 
the  formula  a;(CgH4202),  subsequently  modified 
to  a;(C5Hio02). 

The  equations  representing  these  decompo- 
sitions are  as  follows  : — 

C26H3o03+4H20=CeH420e+C2oH2eO 

Ericolin.  Ericinol. 

Ci,,H2,0+7H20=2(C,„H,oO,) 

Hydroericinol. 

Power  and  Tutin,  however,  could  not  isolate 
ericolin  by  Thai’s  process,  and  they  found  that 
ericinol  was  identical  with  furfural  (Chem. 
Zentr.  1907,  i.  916). 

Thai  also  isolated  ericolin  from  Calluna  ind- 
garis  (Salisb.),  and  recognised  it  by  the  smell  of 
ericinol  in  many  Ericacece  and  Vacciniece. 

Kanger  extracted  ericolin  from  the  leaves  of 
the  cowberry  ( Vaccinium  vitis  idcea)  by  means  of 
ether  alcohol.  It  was  then  purified  by  precipi- 
tating foreign  substances  with  lead  acetate,  and 
removing  excess  of  the  latter  with  sulphuretted 
hydrogen.  The  substance  so  obtained  was  of  a 
resinous  nature,  completely  soluble  in  ether 
alcohol,  and  corresponded  with  the  composition 
CigHggOxo  (Chem.  Zeit,  1903,  27,  794).  Ericolin 
is  probably  not  a chemical  individual,  but  con- 
sists of  a mixture  of  glucoside-like  substances. 

Ericolin  is  poisonous  towards  many  micro- 
organisms, particularly  those  belonging  to  the 
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colon  group,  but  has  no  action  on  acid-fast 
bacilli.  Twort  (Proc.  Roy.  Soc.  1909,  B.  81, 
248)  has  used  it  as  a medium  for  the  isolation 
and  culture  of  human  tuberculous  bacilli  from 
sputum. 

ERIGERON  CANADENSE  is  an  oil  con- 
sisting of  a terpene  boiling  at  176*^,  which,  when 
pure,  has  sp.gr.  0-850-0 -870,  and  an  optical 
rotation  4-52°.  It  is  soluble  in  an  equal  volume 
of  alcohol,  and  rapidly  resinifies.  The  com- 
mercial oil  has  sp.gr.  0-8549-0-8963 ; optical 
rotation,  4-28°  48'  to  84-20°  ; and  b.p.  172°-178° 
(Kepler  and  Pancoast,  Amer.  J.  Pharm.  75,  216). 

According  to  Rabak  (Pharm.  Review,  1905, 
23,  81  ; 1906,  326),  the  oil  obtained  from  the 
fresh  herb  (0-66  p.c.)  is  of  a bright-yellow  colour 
with  a peculiar  odour  like  that  of  caraway. 
On  exposure  to  air,  it  deposits  crystals,  and  a 
brownish  resinous  mass  is  formed.  The  oil 
from  the  dried  herb  (0-26  p.c.)  was  darker  in 
colour,  had  a powerful  aromatic  odour,  and  gave 
no  crystals  when  exposed  to  air.  It  also  differed 
from  the  fresh  herb  oil  in  sp.gr.,  optical  rotation, 
and  other  characteristics.  In  all  probability, 
the  terpeneol  found  in  erigeron  oil  is  a decom- 
position product.  The  oil  absorbs  two  mole- 
cules of  hydrochloric  acid  to  form  a solid  di- 
hydrochloride CjoHie,2IICl,  melting  at  47°-48° 
(Beilstein  and  Wiegand,  Ber.  15,  2854  ; Wallach, 
Annalen,  227,  292). 

ERINOID.  See  Galalith. 

ERIOCOCCUS  CORIACEUS.  This  is  a scale 
insect  consisting  of  a small  pinkish-white  sac 
occurring  in  clusters,  and  which  encase  the  stems 
of  young  shoots  of  the  Eucalypti,  more  especially 
those  on  old  or  burnt  stumps.  These  insects 
contain  a colouring  matter  which  dyes  wool 
mordanted  with  chromium,  aluminium,  tin, 
and  iron,  brown,  hght  amber,  pale  orange- 
brown  and  sage-green  shades  respectively. 
The  colours  thus  obtained  are  not  specially 
brilliant,  and  are  not  fast  to  alkalis  (Gurney, 
Report  of  the  Australasian  Association  for  the 
Advancement  of  Science,  1898).  A.  G.  P. 

ERIOGLAUCINE.  The  trade  name  of  the 
dyestuff  obtained  by  condensing  benzaldehyde- 
o-sulphonic  acid  with  ethylfenzylanilinesul- 
phonic  acid  (J.  Soc.  Chem.  Ind.  of  Basle,  Eng. 
Pat.  25128  ; Gnehm  and  Schiile,  Annalen,  299, 
347); 

ERODIAMINE  CigHi^ONg,  light  yellow 
plates,  m.p.  287°,  and  rutaecarpine  CigHiaONg, 
light  yellow  needles,  m.p.  258°,  occur  in  the  fruit 
of  Erodia  rutaecarpa  (Asahina  and  Kashiwaki, 
J.  Pharm.  Soc.  Japan,  1915,  No.  405,  1293 ; 
Asahina  and  Mayeda,  ihid.  1916,  No.  416,  871  ; 
Amer.  Chem.  Soc.  Abstr.  1916,  607  ; 1917,  332). 


I.  II. 


The  annexed  constitutional  formulse  have 
been  assigned.  Perhaps  they  are  not  fully 
established,  but  they  are  of  considerable  interest 
as  showing  that  the  alkaloids  are  derivatives  of 


indole  ; they  also  show  a relationship  to  harma- 
line  and  harmine.  On  boiling  with  alcoholic 
hydrogen  chloride  erodiamine  (I.)  is  converted 
into  isoerodiamine  CjgH^^ONgjHaO,  m.p.  155°- 
156°,  and  this  is  decomposed  by  alcoholic  potash 
into  carbon  dioxide,  N-methylanthranilic  acid 
and  a base  CiQHjgNg,  m.p.  120°,  which  has  been 
identified  as  2-j8-aminoethyl  indole.  Isoerodi- 
amine is  regarded  as 


Rutaecarpine  (II.)  is  similar  to  erodiamine, 
but  more  soluble  in  alcohol ; hot  potassium 
hydroxide  in  ammonium  hydroxide  yields 
anthranilic  acid,  and  an  unidentified  product, 
which  on  fusion  with  potassium  hydroxide, 
like  the  base  CigHjaNg  from  erodiamine,  yields 
2-indole  carboxylic  acid.  G.  B. 

ERUBESCITE  v.  Bornite. 

ERUCIC  ACID  C22II42O2.  A homologue  of 
acrylic  acid  obtained,  together  with  oleic  acid, 
by  the  saponification  of  the  fixed  oil  of  white 
mustard.  It  was  found  together  with  behenic 
acid  by  Goldschmiedt  (Sitz.  W.  70,  451)  in  the 
oil  expressed  from  black  mustard,  and  by  Fitz 
(Ber.  1871,  442)  in  the  fat  oil  of  grape  seeds.  It 
is  best  obtained  by  saponifying  rape  oil  (from 
Brassiea  campestris,  Linn.)  with  alcoholic  potash 
distilling  off  the  alcohol  and  dissolving  the  acid 
liberated  on  the  addition  of  sulphuric  acid  in 
three  times  its  volume  of  95  p.c.  alcohol ; on 
cooling  to  0°,  crystals  of  erucic  acid  separate  out 
in  an  almost  pure  condition  (Reimer  and  Will, 
Ber.  1886,  3320).  It  may  be  obtained  by 
saponifying  colza  oU,  freeing  the  erucic  acid 
from  arachidic  acid  by  treatment  with  glacial 
acetic  acid,  in  which  the  latter  is  insoluble 
(Ponzio,  Gazz.  chim.  ital.  1904,  ii.  50).  It  is  also 
present  in  cod  liver  oil  (Bull.  Ber.  1906,  3570). 

Erucic  acid  crystallises  in  colourless  needles, 
m.p.  34°  ; b.p.  281°  at  30  mm.  Heated  with 
phosphorus  oxychloride,  it  forms  an  anhydride 
C44Hg203,  an  oil  which  may  be  crystallised  in  a 
freezing  mixture.  By  treatment  with  nitrous 
acid,  or  better,  by  warming  erucic  acid  with 
dilute  nitric  acid  to  the  melting-point  and  then 
adding  sodium  nitrite,  brassidic  acid  (brassic 
acid)  is  produced.  This  acid  stands  to  erucic 
acid  in  the  same  relation  as  elaidic  to  oleic  acid. 
Cf.  Mascarelli,  Atti  R.  Accad.  Lincei,  1917,  [v.] 
26,  i.  71.  Fused  with  potash,  erucic  acid  yields 
aradic  (arachidic)  and  acetic  acids.  Concen- 
trated nitric  acid  converts  erucic  acid  into  bras- 
silic  acid  (C13H24O4),  pelargonic  acid,  arachidic 
acid,  and  a small  quantity  of  dinitrononane 
(Fileti  and  Ponzio,  J.  pr.  Chem.  [2]  48,  323),  and 
concentrated  sulphuric  acid  into  beheiiolactone 
(Shukow  and  Schestakow,  Chem.  Zentr.  1908, 
ii.  1415).  With  hydriodic  acid  and  amorphous 
phosphorus,  it  is  converted  into  behenic  acid 
(Goldschmiedt,  J.  1876,  579).  On  treatment 
with  phosphorus  triodide,  iodobehenic  acid  is 
obtained,  which  on  treatment  with  alcoholic 
potash,  yields  750-erucic  acid,  m.p.  54°  (Ponzio, 
lx.).  Erucic  acid  is  converted  into  behenic  acid 
by  heating  with  iodine  in  a sealed  tube  for 
4 hours  at  270°  (Reychler,  Bull.  Soc.  chim.  [3] 
1,  296).  When  bromine  is  added  to  erucic  acid 
under  water,  a dibromide  C22H42Br202  is  pro- 
duced. It  crystallises  from  alcohol  in  small 
white  nodular  crystals,  m.p.  42°-43°,  and  is 
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reduced  to  erucic  acid  by  sodium  amalgam  in 
alcoholic  solution.  Its  barium  and  lead  salts 
(C22H4iBr202)2Ba  and  (C22H4iBr202)2Pb  are 
white,  viscid,  easily  decomposable  precipitates 
(Otto,  Annalen,  127,  182  ; 135,  226).  Erucic 
acid  dibromide  heated  in  sealed  tubes  to  about 
145°  for  7-8  hours,  with  4 or  5 mols.  potassium 
hydroxide  in  alcoholic  solution,  yields  the  potas- 
sium salts  of  behenolic  acid 

C22H4o02(=C22H42Br202-2HBr) 

(Holt,  Ber.  1892,  961).  Behenolic  acid,  on 
treatment  with  zinc -dust  and  acetic  acid,  yields 
brassidic  acid  and  not  erucic  acid.  At  ordinary 
temperatures,  only  1 mol.  of  hydrobromic  acid 
is  abstracted  by  potash  in  alcoholic  solution ; 
monobromerucic  acid  C22H44Br02  is  formed, 
with  rise  of  temperature  and  separation  of 
potassium  bromide.  On  diluting  the  solution 
with  water  and  adding  hydrochloric  acid,  the 
acid  separates  as  an  oil  which  soon  solidifies.  It 
melts  at  33°-34°  and  remains  liquid  for  a long 
time.  It  is  heavier  than  water,  and  insoluble 
therein,  but  dissolves  readily  in  alcohol  and 
ether.  It  unites  with  bromine,  forming  a di- 
bromide C22H44Br02‘Br2,  which  melts  at 
31°-32°,  and  forms  amorphous  viscid  salts. 

When  erucic  acid  dibromide  is  triturated  with 
water  and  an  excess  of  silver  oxide,  and  heated 
until  it  turns  brown  and  evolves  hydrogen  bromide, 
the  mass,  on  boiling  with  water,  yields  a yellow 
oil  which  is  a mixture  of  liquid  hydroxyerucic  acid 
C22H42O3  and  dihydroxybehenic  acid  C22H44O4. 
The  latter  partially  crystallises  out  on  long 
standing.  For  complete  separation,  the  washed 
oil  is  saponified  with  baryta  water  ; the  precipi- 
tate is  exhausted  with  ether  and  the  dissolved 
barium  hydroxyerucate  is  decomposed  by  hydro- 
chloric acid.  The  hydroxyerucic  acid,  which 
separates  as  a colourless  oil,  is  purified  from 
alcohol.  It  is  viscid,  lighter  than  water,  in- 
soluble therein,  but  miscible  in  all  proportions 
with  alcohol  and  ether.  Its  salts  C22H44O3M 
are  amorphous.  All  excepting  those  of  the 
alkali  metals  and  barium  are  insoluble  in  water. 
Hydroxyerucic  acid  may  also  be  formed  from 
monobromerucic  acid  by  the  action  of  silver 
oxide.  Boiled  with  potash  lye,  it  is  converted 
into  dihydroxybehenic  acid  (Haussknecht, 
Annalen,  163,  40).  Dihydroxybehenic  acid, 
m.p.  ]32°-133°,  is  also  obtained  by  the  oxida- 
tion of  erucic  acid  with  potassium  perman- 
ganate (Hazura  and  Griissner,  Monatsh.  9,  947). 
Sodium  erucate  C22H4iNa02  is  soluble  in  alcohol, 
and  gives  precipitates  of  lead  and  barium 
erucates  on  the  addition  of  an  alcoholic  solution 
of  the  acetates  of  these  metals.  The  silver  salt 
is  a curdy  precipitate,  which  becomes  coloured 
on  exposure  to  light. 

Ethyl  erucate  C22H44(C2H5)02  is  a colourless 
oil  boding  above  360°  without  decomposition. 
The  amide  C22H4|0(NH2),  m.p.  84°  (Reimer  and 
Will,  lx.),  m.p.  78°-79°  (Krafft  and  Tritschier, 
Ber.  1900,  3580),  and  the  anilide,  m.p.  55°,  are 
crystalline  bodies  readily  soluble  in  ether  or 
benzene,  sparingly  soluble  in  alcohol. 

ERUCIN.  A crystalline  body  said  to  exist 
in  white  mustard  seed.  It  is  insoluble  in  water, 
sparingly  soluble  in  alcohol,  easdy  in  ether  or 
in  ods  ((Simon,  Pogg.  Ann.  64,  593). 

Dierucin  C3H50H(022H4402)2-  When  rape 
od^is  allowed  to  stand  for  a long  time,  a yellowish 


tallow-like  deposit  is  found  frequently  in  the 
casks.  This,  by  repeated  solution  in  ether  and 
subsequent  addition  of  alcohol,  may  be  obtained, 
in  silky  needles.  Dierucin  melts  at  47°  and  is 
readily  soluble  in  ether  and  light  petroleum,  in- 
soluble in  cold  but  soluble  in  hot  alcohol.  A 
trierucin  could  not  be  separated  from  rape  oil, 
but  was  obtained  by  heating  dierucin  and  erucic 
acid  at  300°,  m.p.  31°  (Reimer  and  Will,  l.c.)  {v. 
Oils  and  Fats). 

ERVASIN.  Trade  name  for  acetyl  p-creso- 
tinate. 

ERYTHRENE.  iSee^UTiNENE. 

ERYTHRIN,  ErytJinc  acid,  Erythrinic  acid, 
Erythrolecanoric  acid  C20H22O405II2O,  is  a con- 
stituent of  most  lichens  from  which  archil 
is  prepared.  It  was  discovered  by  Heeren 
(Schweigger’s  Jour.  f.  Chem.  59,  513)  in  Rocella 
tinctoria  (D.  C.),  from  which  lichen  and  several 
others  of  the  same  genus  it  may  be  extracted  by 
boiling  water,  or  better  with  milk  of  lime  (c/.  also 
Kane,  Stenhouse,  and  Hesse  (L.c.)  ; Schunck, 
Annalen,  61,  69 ; De  Luynes,  Annales  de  Chim. 
[4]  2,  385  ; Menschutkin,  Bull.  Soc.  chim.  [2] 
2,  424). 

The  method  adopted  by  Stenhouse  to  prepare 
this  substance  from  the  Rocella  fuciformis  is  as 
follows  (Annalen,  68,  72,  and  149,  290).  Three 
pounds  of  the  lichen  are  macerated  for  20  minutes 
in  a milk  of  lime  made  by  shaking  ^ lb.  of  lime 
in  3 gallons  of  water,  and  the  product  filtered  by 
means  of  a bag  filter.  The  clear  liquid,  as  it 
passes  through,  is  imiriediately  precipitated 
with  hydrochloric  acid,  as  prolonged  contact 
with  the  lime  decomposes  part  of  the  erythrin. 
The  crude  erythrin  collected  on  bag  filters  is 
freed  from  acid  and  calcium  chloride  by  stirring 
it  up  once  or  twice  with  a considerable  quantity 
of  water  and  again  collecting, 

Erythrin  forms  small  colourless  needles, 
melting  at  148°  (Hesse,  Ber.  1904,  37,  4693),  and 
not  at  164°,  as  stated  by  Ronceray  (Chem. 
Zentr.  1904,  ii.  1504),  and  is  sparingly  soluble 
in  water,  easily  soluble  in  alcohol,  ether,  and 
alkalis.  Alcoholic  ferric  chloride  gives  a purple- 
violet  colouration,  which  passes  to  brownish-red 
on  addition  of  excess  of  the  reagent. 

When  boiled  with  water,  erythrin  gives  (a) 
orsellinic  acid  and  (6)  picro-erythrin  (Schunck, 
Annalen,  61,  65) 

C2oH220io+H20  = (a) 

whereas  by  boiling  with  alcohol,  picroerythrin 
and  orsellinic  acid  ethyl  ester  (c)  are  produced 
(Heeren,  l.c.  ; Kane,  Annalen,  39,  25) 

C20H220, 0 + C2H5OH  =(c)  C8H7(C2H5)04 -1- C12H16O7 

With  amyl  alcohol,  a similar  reaction  occurs 
with  formation  of  {d)  amylorsellinate  and  picro- 
erythrin (Hesse,  Annalen,  139,  22) 

020^22^10  J CgH704'C5H44-f  €42114307 

On  the  other  hand,  excess  of  lime  water  (Lam- 
parter,  Annalen,  134,  255)  gives  orcin,  CO2,  and 
erythrite 

C2oH22040+2H20=2C7H302  + C02  + C4H4o04 

Tribromerythrin  2C2oH49Br304o,3H20  (Hesse, 
Annalen,  117,  310  ; and  ibid.  139,  32)  consists  of 
white  crystalline  spherules  which  cake  together 
a little  above  100°  and  melt  at  139°.  Boiled 
with  alcohol,  it  is  resolved  into  ethyldibrom- 
orsellinate  and  brompicroeryihrin. 
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Picroerytliriii  or  erythro-orsellinic  acid 

Ci2Hi607,3H20 

forms  colourless  prisms,  melts  at  158°,  is  readily 
soluble  in  hot  water,  and  gives  with  ferric  chloride 
a purple-violet  colouration.  It  appears  to  be 
most  readily  obtained  pure  by  Hesse’s  method 
of  boiling  erythrin  with  amyl  alcohol  {lx.). 

Digestion  with  hot  baryta  water  converts 
picroerythrin  into  CO 2,  orcin,  and  erythrite 

Ci2Hi807  + H20  = C02  + C7H802  + C4Hio04 

The  experiments  of  de  Luynes,  Menschutkin, 
and  Hesse  have  confirmed  the  view  first  put 
forward  by  Berthelot,  that  erythrin  is  the  mono- 
Iccanoric  ester  (1),  and  picroerythrin  the  mono- 
orsellinic  ester  of  erythrite  (2). 

According  to  Hesse  (Ber.  1904,  37,  4693), 
erythrin  contains  a free  carboxyl  group,  and 
must  therefore  be  represented  as  follows  : — 

04H6(0H)3-0-C6Ho(0H)C0-0-C6H2(0H)C00H 

I “ I 

CHg  CH3 

whereas  picroerythrin  has  the  formula  : 
0-CH2(CH0H)2'CH20H 


in  1832,  from  ipvQpos,  red.  The  same  name  was 
also  used  by  T.  Thomson  in  1843  for  a flesh- 
red  variety  of  orthoclase-felspar. 

Ij.  J* . S . 

ERYTHRITOL.  Erythrol,  Erythromannite, 
Erythrite  {v.  Carbohydrates). 

ERYTHRODEXTRIN  v.  Dextrin. 

[ ERYTHROL  NITRATE  v.  Synthetic  drugs. 

ERYTHROPHLEINE  C2SH43O7N  (?)  is  an 
amorphous  alkaloid  from  Sassy  bark  of  Ery- 
thro'phlceum  guineense,  G.  Don.,  a large  legu- 
minous tree  from  the  West  Coast  of  Africa. 
The  bark  is  used  as  an  arrow  poison  and  in 
ordeals,  and  is  also  known  as  Casca,  Red  water, 
or  Mancona  bark.  The  alkaloid  yields  only 
amorphous  salts,  and  is  the  only  known  one 
having  a digitalis -like  action  on  the  heart. 
Heated  with  concentrated  hydrochloric  acid 
it  is  hydrolysed  to  methylamine  and  an  amor- 
phous acid.  Erythrophleine  hydrochloride  is 
used  to  a limited  extent  in  medicine  (Gallois 
and  Hardy,  Bull.  Soc.  chim.  1876,  26,  39 ; 
Harnack,  Chem.  Zentr.  1897>  i.  301  ; Power 
and  Salway,  Amer.  J.  Pharm.  1912,  84,  337). 

G.  B. 

ERYTHROSIN  ( Tetraiodo fluorescein) 


C6H2(0H)C00H 

CHg 

On  the  other  hand,  Zerner  (Monatsch.,  1914, 
35,  1021)  considers  that  the  structure  of 

erythrin  is  best  represented  thus : 


Me 


Me 


B.O(^  CO— O— C^HgCOH),— O— / \— COOH 


OH 


OH 


^-Erythrin  C21H24O10  is  prepared  by  the 
action  of  lime  water  on  some  varieties  of  the 
R.  fuciformis  (Menschutkin,  l.c.).  It  is  a white 
crystalline  powder  ; m.p.  115°-116°  (Lamparter, 
l.c.)  ; nearly  insoluble  in  water,  soluble  in  alcohol 
and  ether  with  violent  evolution  of  COg.  Boiled 
with  water,  orsellinic  acid,  and  ;8-picroerythrin 
are  produced  ; with  alcohol,  the  latter  body  to- 
gether with  ethylorsellinate. 

^-Picroerythrin  CjgH^g^io  crystalhses  in 
needles,  very  soluble  in  water  and  alcohol. 
Boiled  with  baryta  water,  it  is  resolved  into  COg, 
erythrite,  and  /8-orcinol  (Menschutkin). 

According  to  Hesse  (l.c.),  it  is  probable  that 
/8- erythrin  is  not  a chemical  individual,  but 
consists  mainly  of  erythrin,  the  properties  of 
which  are  modified  by  the  accompanying 
impurities.  A.  G.  P. 

ERYTHRITE  or  Cobalt-bloom.  A mineral 
consisting  of  hydrated  cobalt  arsenate,  Co3(As04), 
8H2O,  crystallising  in  the  monoclinic  system 
and  isomorphous  with  the  iron  salt  vivianite. 
Sometimes,  as  at  Schneeberg  in  Saxony,  it 
occurs  as  beautiful  radially- arranged  groups  of 
blade-shaped  crystals  with  a bright  crimson 
colour  and  brilliant  lustre.  More  usually, 
however,  it  forms  an  earthy,  peach- blossom  red 
encrustation  on  other  cobalt  minerals,  of  which 
it  is  an  alteration  product.  It  has  been  found 
in  the  Dolcoath  mine  in  Cornwall,  Thuringia, 
Allemont  in  France,  Cobalt  in  Ontario,  Chile, 
&c  The  name  was  given  by  F.  S.  Beudant, 


^201180514 

is  prepared  by  electrolysing  a mixture  of  fluores- 
cein (1  part)  and  finely  powdered  iodine  (1'5 
parts)  in  soda  solution.  The  vessel  is  provided 
with  a diaphragm,  and  the  fluorescein  mix- 
ture oceupies  the  anode  space,  whilst  a dilute 
solution  of  soda  or  sodium  hydroxide  forms  the 
kathode  liquid  (D.  R.  P.  108838,  1899  ; Chem. 
Zentr.  1900,  i.  1176;  cf.  also  Frdl.  1877-87, 
315). 

The  commercial  product  is  a red-brick  powder 
dissolving  in  dilute  alkalis  without  any  marked 
fluorescence.  It  can  be  purified  by  dissolving 
in  aqueous  ether,  filtering  and  shaking  with 
dilute  sodium  hydroxide.  The  sodium  salt  is 
precipitated  by  the  addition  of  strong  alkali, 
and,  after  filtering,  washing,  and  recrystallisation 
from  alcohol,  it  is  dissolved  in  water,  and  the 
free  erythrosin  is  liberated  by  treatment  with 
hydrochloric  acid  (Mylius  and  Foerster,  Ber. 
1891,  24,  1482).  When  pure,  it  is  of  a lighter 
colour  than  the  impure  product,  almost  in- 
soluble in  absolute  ether,  benzene,  or  chloro- 
form, but  more  readily  so  in  acetone,  alcohol, 
and  aqueous  ether.  The  colour  of  erythrosin 
fades  under  the  influence  of  light  and  of  hydrogen 
peroxide,  particularly  in  the  presence  of  potas- 
sium hydroxide  (Zeitsch.  Farbenindustr.  1908, 
7,  299).  Light  also  causes  it  to  act  haemolyti- 
cally  in  photodynamic  reactions  (Sacharow  and 
Sachs,  Chem.  Zentr.  1905,  i.  1420). 

Erythrosin  considerably  enhances  the  action 
of  light  in  its  influence  on  bacteria  (Mettler, 
Chem.  Zentr.  1905,  ii.  1037  ; Huber,  ibid.  1906, 
i.  148  ; Sacharow  and  Sachs,  l.c.).  Erythrosin 
is  employed  in  the  cotton  and  paper  industries  ; 
and  Thouert  (Compt.  rend.  1909,  148,  36)  has 
attempted  to  apply  it  to  colour  photography, 
but  with  little  success  so  far  {cf.  also  Stark, 
Physikal.  Zeitsch.  1907,  8,  248)  ; it  has  also 
been  used  as  a sensitiser  in  photo-electric  experi- 
ments (Schlenderberg,  J.  Phys.  Chem.  1908,  12, 
574)  and  as  an  indicator  in  analysis  (Mylius  and 
Foerster,  l.c.  ; J.  Amer.  Chem.  Soc.  1899,  21, 
359). 
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Eryfchrosin  is  often  mixed  with  rose  Bengal 
(tetraiodochlorofluorescein)  to  suppress  its 
fluorescence,  and  with  common  salt  to  increase 
its  solubihty.  The  former  mixture  is  often  used 
in  France  to  colour  foodstuffs,  but  the  presence 
of  rose  Bengal  in  erythrosin  is  forbidden  in 
America.  Jean  (J.  Soc.  Chem.  Ind.  1908,  70) 
gives  a method  for  testing  and  estimating  rose 
Bengal  in  erythrosin. 

Silver  erythrosin,  which  is  of  an  intense  blue 
colour,  is  prepared  by  dissolving  1 gram  of 
erythrosin  in  400  c.c.  water,  adding  7’1  c.c,  of  a 
10  p.c.  solution  of  potassium  bromide,  and  then 
12  c.Ci  of  a 10  p.c,  silver  nitrate  solution.  It 
forms  a colloidal  solution  which  becomes 
‘ ripened  ’ on  warming  or  standing  for  a few 
days,  depositing  a very  fine  sediment  which  has 
a pure  blue  colour  in  transmitted  light  (Liippo- 
Cramer,  Zeitsch.  Chem.  Ind.  Kolloide,  1907,  i. 
227  ; 1908,  2,  325). 

The  sodium  or  potassium  salt  is  sometimes 
known  as  Erythrosin  B,  Pyrosin  B,  lodeosin 
Dianthine  B,  Eosin  J.,  &c. 

ERYTHROXYANTHRAQUINONE  Ci4H«03 
is  produced,  along  with  an  isomeric  hydroxy- 
anthraquinone,  by  the  action  of  phthalic  an- 
hydride on  phenol,  in  presence  of  sulphuric  acid, 
C8H403  + CgHg0=Il20  + C44Hg03.  Salicylic 

acid,  anisole,  and  even  anisic  acid  behave  in  the 
same  way  as  phenol.  The  two  hydroxyanthra- 
quinones  are  separated  by  boiling  with  water 
and  barium  carbonate ; erythroxyanthraqui- 
none  is  unaltered  by  this  treatment,  whereas 
in  the  case  of  the  isomeride  a soluble  barium 
compound  is  formed. 

Erythroxyanthraquinone  may  also  be  pre- 
pared from  aminoanthraquinone,  dissolved  in 
acetic  acid  to  which  a little  sulphuric  acid  has 
been  added,  by  adding  potassium  nitrite  till  the 
folution  becomes  yellow.  After  a short  time, 
on  adding  water  and  boiling,  yellow  flakes  of 
erythroxyanthraquinone  separate,  and  increase 
B-s  the  acetic  acid  evaporates  (D.  R.  P.  97688  ; 
Rower,  Ber.  1882,  15,  1793  ; Perger,  J.  pr.  Chem. 
[2]  18,_  147). 

It  is  also  formed  by  oxidising  the  amino-salt 
with  fuming  sulphuric  acid  (D,  R.  P.  67063  ; 
Frdl.  iii.  203)  ; or  by  heating  erythroxyanthra- 
quinone acid  (CigHgOg  at  270°  (Birnkow,  Ber, 
1887,  20,  2438),  and  by  heating  anthraquinone- 
a-monosulphonic  acid  with  a mixture  of  alkali 
hydroxide  and  a salt  of  an  alkaline  earth  metal 
under  pressure  (Fr,  Pat.  336867  ; J.  Soc.  Chem, 
Ind.  1904,  438  ; ibid.  1905,  841). 

Erythroxyanthraquinone  crystallises  from  al- 
cohol in  groups  of  pomegranate-yellow  needles, 
more  soluble  in  hot  than  in  cold  alcohol.  It 
melts  at  173°-180°  (Baeyer  and  Caro),  at  190° 
(Liebermann),  at  191°  (Romer).  It  begins  to 
sublime  at  150°,  and  condenses  to  form  fine 
needles,  reddish-yellow  in  colour,  like  alizarin. 
It  is  almost  insoluble  in  dilute  ammonia,  and 
only  slightly  soluble  in  strong  ammonia.  With 
lime  or  baryta  water  it  gives  a dark-red,  almost 
insoluble  lake,  decomposable  by  carbon  dioxide. 
The  absorption  spectrum  of  a sulphuric  acid 
solution  of  erythroxyanthraquinone  differs  from 
that  of  its  isomeride,  hydroxyanthraquinone ; 
the  latter  body  is  also  more  easily  converted 
into  alizarin  by  fusion  with  caustic  potash 
than  the  former  (Baeyer  and  Caro,  Ber.  7, 
986). 


Nitric  acid  oxidises  ethythroxyanthraquinone 
to  phthalic  acid. 

When  sodium  erythroxyanthraquinone  sul- 
phonate  is  heated  with  bromine  and  water  at 
120°-123°,  2 : ^-dihromo-l-hydroxyanthraquinone 
is  formed,  crystallising  in  reddish-yellow  needles, 
m.p.  233°.  When  heated  with  p-toluidine  at 
80°-100°,  this  bromine  derivative  loses  the 
bromine  atom  in  the  -4-  position,  and  is  con- 
verted into  bromoquinizarin  blue 

C6H4<^[;O^Ce-HBr(OH)(NHC,H,) 


which  crystallises  in  blue  needles,  giving  a green 
colouration  with  sulphuric  acid  (D.  R.  P. 
127532,  1902). 

Erythroxyanthraquinone  forms  an  acetate 
C4gH-,o04,  yellow  needles,  m.p.  176°-179° 
(Liebermann  and  Hagen,  Ber.  1882,  5,  1804). 

The  constitution  of  erythroxyanthraquinone 
has  been  established  by  Liebermann  (Ber.  10, 
611  ; 11,  1611),  who  synthesised  it  from  a reduc- 
tion product  of  quinizarin,  hydroxyhydro- 

anthranol  CgH4<^Qg^^Qjj^^C6H3(OH),  in 

which  the  hydroxyl-group  in  the  benzene  nucleus 
occupies  the  ortho-  position.  Frande  (Ber.  12, 
237)  was  also  able  to  show  that  in  methyl- 
hydroxyanthraquinone,  a derivative  of  ordinary 
hydroxyanthraquinone,  the  hydroxyl-group  was 
in  the  para-  position,  and  hence,  in  the  isomeric 
erythroxyanthraquinone,  the  hydroxyl-  group 
must  be  in  the  ortho-  position  with  regard  to 
the  ketone  group.  Erythroxyanthraquinone  is 
therefore  o-hydroxyanthraquinone  {v.  Alizarin 
AND  ALLIED  COLOURING  MATTERS). 

ESC  ALIN.  Trade  name  for  a paste  of 
aluminium  powder  and  glycerol. 

ESERAMINE,  ESERIDINE,  ESEROLINE  v. 

Ordeal  Bean. 

ESERINE  or  PHYSOSTIGMINE 

NHMe-CO-NHCisHigNOH 


(Herzig  and  Meyer,  Monatsh.  1897,  18,  389 ; 
Heubner,  Chem.  Zentr.  1905,  ii,  1111  ; Straus, 
Ann.  1913,401,  350;  1914,  406,  332;  the  most 
recent  work  is  by  Polonovski  and  callaborators, 
e.g.  part  viii.  Bulk  Soc.  chim.  1918,  23,  356)  is 
the  most  important  of  the  alkaloids  occurring 
in  Calabar  bean,  in  the  seed  of  which  it 
was  first  found  by  Jobst  and  Hesse,  in  1864 
(Annalen,  1864,  129,  115 ; Hesse,  ibid.  1867, 
141,  82). 

It  is  present  in  variable  amount  (0‘04-0'27 
p.c.  Carr  and  Re3aio]ds,  Pharm.  J.  1908,  542), 
and  may  be  extracted  by  shaking  the  powdered 
seed  with  warm  alcohol  containing  about  1 gram 
of  tartaric  acid  per  litre.  The  alcohol  of  the 
extract  is  distilled  off  and  the  residue  is  taken 
up  with  water,  filtered  to  remove  resinous  matter 
and  repeatedly  shaken  with  ether  until  the  latter 
ceases  to  be  coloured.  The  aqueous  extract  is 
then  made  alkaline  with  sodium  bicarbonate  and 
finally  repeatedly  shaken  out  with  ether.  On 
evaporation,  the  alkaloid  separates  in  scaly 
crystals  which  may  be  purified  by  recrystallisa- 
tion from  ether. 

Eserine  forms  thin  rhomboidal,  colourless 
lamellaj,  m.p.  105°-106°,  which  gradually  assume 
a rose  tint  and  even  a yellow  colour  when 
exposed  to  air.  It  is  sparingly  soluble  in  water, 
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but  readily  so  in  alcohol,  ether,  chloroform, 
benzene,  and  carbon  disulphide.  Eserine  is 
leevo-rotatory,  its  specific  rotation  varying 
between  —82°  and  —120°,  depending  on  the 
solvent  employed  (Petit  and  Polonovski,  Bull. 
Soc.  chim.  1893,  9,  1008 ; cf.  Orloff,  Chem. 
Zentr.  1897,  i.  1214).  Polonovski  and  Nitzberg, 
Bull.  Soc.  chim.  1915,  17,  235  et  seq.  ; idem.  1916, 
19,  27,  46. 

When  eserine  is  isolated  in  the  form  of  its 
salicylate,  the  base  liberated  with  sodium  car- 
bonate, extracted  with  ether,  and  finally  allowed 
to  crystallise  from  a mixture  of  benzene  and 
petroleum,  it  separates  in  stout  prisms,  m.p. 
86°-87°,  [a]j)  — 75'8°.  Bj'^  recrystallising  in  the 
presence  of  a crystal  of  Petit  and  Polonovski’s 
modification,  m.p.  105°-106°,  it  is  completely 
converted  into  the  latter,  and  has  [a]jj  — 75*8°  ; 
the  alkaloid  is  therefore  dimorphous  (Sal way, 
Chem.  Soc.  Trans.  1911,  2151). 

When  eserine  or  its  salts  are  distilled  with 
caustic  potash  in  a current  of  hydrogen,  methyl- 
amine  and  carbon  dioxide  are  amongst  the 
products  of  decomposition,  whilst  the  residual 
liquid  contains  eseroUne,  a colourless  crystalline 
body,  which  turns  red  by  the  action  of  moisture. 
Eseroline  is  also  formed,  together  with  methyl 
carbamide,  when  eserine  is  heated  in  a sealed 
tube  with  alcoholic  ammonia  at  150°.  When 
heated  with  aqueous  potash  in  presence  of  air, 
eserine  yields  ruhreserine  0i3Hig]S[2O2,  red 
needles  ; these,  in  alkaline  solution,  are  gradually 
converted  into  eserine  blue,  which,  according  to 
Ehrenberg  (Chem.  Zentr.  1894,  ii.  439),  is  a true 
dye,  colouring  wool  and  silk  without  mordants. 
The  constitution  of  eserine  blue  is  not  known, 
c.f.  Salway,  Chem.  Soc.  Trans.  1912,  986.  It  is 
not  poisonous,  but  it  has  a paralysing  effect  on 
the  heart  and  central  nervous  system  of  the  frog 
(Heubner,  l.c.). 

Salts  of  eserine.  Eserine  salicylate 

CgH,(0H)C02H,Ci5H2i02N3 

forms  slightly  bitter,  colourless,  stout  prisms, 
m.p.  180°-181°  (Salway),  soluble  in  150  parts 
of  cold  and  30  parts  of  boiling  water,  in  which 
it  forms  an  acid  solution ; it  is  more  readily 
soluble  in  alcohol  and  in  chloroform. 

Eserine  metacresotate  {metahydroxytoluate) 

Ci5H2x02N3-CgH3(0H)MeC02H 

m.p.  156°-167°,  is  prepared  by  mixing  ethereal 
solutions  of  metacresotic  acid  and  of  eserine. 
Eserine  benzoate,  m.p,  115°-116°,  soluble  in 
four  parts  of  cold  water,  and  eserine  hydrogen 
citrate,  are  prepared  similarly.  The  two 
former  are  not  deliquescent,  and  yield  neutral 
aqueous  solutions  ; whereas  the  latter,  and  also 
normal  eserine  tartrate,  prepared  by  dissolving 
eserine  in  tartaric  acid  and  crystallising  over 
sulphuric  acid,  are  very  deliquescent  (Petit  and 
Polonowsky,  l.c.).  The  methiodide  forms  deli- 
quescent yellow  prisms,  m.p.  100°  (decomp.), 
and  the  sparingly  soluble  picrate  crystallises  in 
feathery  yellow  needles,  m.p.  114°.  Eserine 
yields  no  definite  aurichloride  or  platinichloride. 

Eserine  sulphate  (Ci5H2i02N8)2H2S04  is  pre- 
pared by  adding  a 10  p.c.  sulphuric  acid,  drop  by 
drop,  to  an  ethereal  solution  of  eserine  until  the 
newly  formed  salt  no  longer  separates.  After 
filtration,  it  is  carefully  dried  at  about  40°.  It 


is  a white  or  yellowish-white  micro -crystalline 
powder,  odourless,  and  having  a bitter  taste.  It 
is  readily  soluble  in  water,  alcohol,  and  in  chloro- 
form. Gold  chloride  solution,  when  added  to 
the  aqueous  solution  of  the  salt,  gives  a beautiful 
purple  colour ; whilst  platinic  chloride  precipi- 
tates a yellowish -white  salt.  When  evaporated 
with  ammonia,  the  sulphate,  like  the  salicylate, 
yields  a bluish  residue.  If  a little  eserine  sul- 
phate is  placed  on  a glass  slip  and  moistened 
with  water,  and  then  a drop  of  sulphuric  acid 
added,  characteristic  crystals  of  a sparingly 
soluble  sulphate  separate.  This  characteristic 
appearance  is  maintained  for  some  time,  but 
eventually  the  crystals  become  oily  and  then 
resinous  (Reichard,  Pharm.  Zeit.  1909,  50,  375). 
Eserine  and  its  salts  turn  red  on  treatment  with 
alkali  or  on  standing  in  solution,  but  the  sulphite 
Gi5H2i02N3,H2S03,  the  aqueous  solution  of 
which  does  not  turn  red,  but  remains  colourless, 
has  been  prepared  by  Merck  by  treating  a solu- 
tion of  eserine  with  sulphurous  acid,  and  evapo- 
rating the  mixture  (H.  R.  P.  166310  ; J.  Soc. 
Chem.  Ind.  1906,  443).  It  is  a white  powder, 
readily  soluble  in  water. 

A derivative,  the  intensity  of  the  fluorescence 
of  which  exceeds  that  of  all  known  substances, 
is  obtained  by  allowing  an  aqueous  solution  of 
physostigmine  to  stand  for  a few  months  until 
it  has  become  deep  blue,  then  adding  phthalic 
acid.  The  substance  forms  dark- blue  crystals 
with  a blood-red  fluorescence,  and  colours  cotton, 
silk,  alcohol,  ether,  &c.,  dark  blue  with  no 
fluorescence.  The  aqueous  solution,  on  the 
other  hand,  is  colourless  by  transmitted  light,  but 
shows  a beautiful  red  fluorescence  by  reflected 
light  (Goubert,  Compt.  rend.  1909,  149,  852). 

Eserine  and  its  salts  should  be  kept  in  amber- 
coloured,  well-stoppered  phials. 

Test  for  eserine  or  its  salts. — A small  fragment 
(the  size  of  a grain  of  sand)  is  placed  in  a porcelain 
capsule  and  dissolved  in  a drop  or  two  of  fuming 
nitric  acid.  The  dark-yellow  solution  formed 
on  warming  is  evaporated  with  stirring  ; the 
residue,  which  is  of  a pure  green  colour,  dissolves 
in  water,  strong  alcohol,  and  in  sulphuric  acid  to 
a clear  green  solution.  0'005  gram  of  the  alka- 
loid can  thus  be  detected.  The  green  colouring 
matter  has  been  termed  chloreserine  (Ferreira  da 
Silva,  Compt.  rend.  1893,  117,  330;  Formanek, 
Chem.  Zentr.  1895,  i.ll48 ; Reichard,  l.c.).  When 
exposed  to  nitric  acid  fumes,  the  blue  residue 
becomes  violet-blue ; and  when  dissolved  in  a 
drop  of  nitric  acid  it  forms  a beautiful  reddish- 
violet  solution,  which  soon  changes  to  blood-red, 
and  on  standing  or  on  dilution  becomes  greenish- 
yellow.  Eserine  reduces  molybdic  acid  very 
slowly  in  the  cold,  but  rapidly  gives  a blue 
colouration  on  warming  (Reichard,  l.c.).  With 
ammonium  selenite  in  concentrated  sulphuric 
acid,  eserine  gives  a lemon-yellow  colouration, 
which  becomes  orange,  and  then  paler  after 
standing  for  3 hours  (da  Silva,  Compt.  rend.  1891, 
112,  1266).  Eserine  can  also  be  detected  by 
means  of  the  polarisation  microscope  (Kley, 
Rec.  trav.  chim.  1903,  22,  367).  (For  the  estima- 
tion of  eserine  or  physostigmine,  see  Heikel, 
Chem.  Zentr.  1909,  i.  949.) 

Eserine  and  its  salts  are  of  considerable 
therapeutic  value,  being  employed  chiefly  as  a 
myotic  to  contract  the  pupil  of  the  eye  and  to 
decrease  intraocular  pressure  in  glaucoma. 
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According  to  Pal  (Chem.  Zentr.  1900,  ii. 
1031),  eserine  forms  an  antidote  to  the  poisonous 
effect  of  curare. 

Bilateral  antagonism  exists  between  eserine 
and  curare  in  their  effect  on  muscle.  Those 
muscles  which,  like  the  diaphragm,  are  last 
paralysed  by  curare  are  first  set  free  again  by 
the  injection  of  eserine.  The  latter  also,  stimu- 
lates the  respiratory  centre  (Rothberger,  Pflii- 
ger’s  Archiv.  1901,  87,  117). 

(Por  other  investigations  on  the  physiological 
effect  and  use  of  eserine  or  physostigmine,  see 
Matthews  and  Brown,  Amer.  J.  Physiol.  1904,  12, 
173  ; Edmund  and  Roth,  ibid.  1908,  23,  28, 
46 ; Joseph,  ibid.  1909,  23,  215 ; Anderson, 
J.  Physiol.  1905,  33,  414 ; Magnus,  Pfluger’s 
Archiv.  1908,  123,  99  ; Kress,  ibid.  1905,  109, 
608  ; Modrakowski,  ibid.  1907,  118,  52  ; Unger, 
ibid.  1907,  119,  373 ; Harnack,  Chem.  Zentr. 
1908,  ii.  338;  Winterberg,  ibid.  i.  150;  Loewi 
and  Mansfeld,  ibid.  1910,  i.  941  ; Pewsner, 
Biochem.  Zeitsch.  1907,  2,  339;  Eiihner,  Arch, 
expt.  Path.  Pharm.,  1917,  82,  205.)  ( V.  Ordeal 

Bear.)  G.  B. 

ESPARTO,  Stipa  marcrochloa  {tenacissima) 
(Linn.).  This  grass  is  a native  of  Spain, 
Portugal,  Greece,  and  North  Africa.  It  is 
largely  used  as.  a raw  material  for  paper  making, 
having  been  introduced  into  this  country  by 
Routledge.  For  this  purpose  it  possesses 
many  advantages,  as  it  grows  abundantly  with- 
out cultivation,  is  easily  harvested,  yields  a 
large  percentage  of  cellulose  of  high  quality 
with  comparatively  simple  treatment. 

Of  the  various  kinds  .known  to  commerce, 
such  as  Spanish,  Tripoli,  Arzen,  Oran,  Sfaz, 
Gabes,  &c.,  the  first-named  is  preferred  by  paper 
makers,  as  it  yields  more  and  better  fibre.  It 
therefore  commands  a higher  price. 

To  give  some  idea  of  the  importance  of 
esparto  as  a paper-making  material,  it  may  be 
mentioned  that  the  annual  imports  into  the 
United  Kingdom  are  between  200,000  and 
300,000  tons. 

It  is  also  used  for  the  purpose  of  making 
coarse  mats  and  ropes  (v.  Spon’s  Enc.  of  the 
Industrial  Arts). 

Esparto  arrives  in  this  country  firmly  pressed 
into  bales.  The  first  operation  which  it  under- 
goes in  the  paper  mill  is  that  of  ‘ dry-picking,’ 
in  contradistinction  to  a subsequent  process 
known  as  ‘ wet-picking.’  The  grass  is  spread 
out  on  tables  covered  with  coarse  wire  cloth,  and 
any  root  ends,  weeds,  &c.,  which  may  have 
found  their  way  into  the  bales  through  im- 
perfect gathering  are  picked  out.  Any  sand  or 
dirt  escapes  through  the  wire  cloth.  The  re- 
moval of  dirt  can  be  more  completely  effected 
by  machinery.  For  this  purpose  the  grass  is 
fed  into  a mechanical  duster  or  willow,  where  it 
receives  a violent  shaking,  the  dirt  being  loosened 
and  removed.  The  cleaned  esparto  is  then  fed 
into  ‘ vomiting  ’ boilers,  where  it  is  treated  with 
caustic  soda  solution  at  pressures  varying  from 
10  to  40  lbs.  per  sq.  inch  for  from  3 to  5 hours. 
The  amount  of  soda  required  is  about  17  lbs.  of 
60  p.c.  caustic  soda  per  cwt.,  but  it  varies  with 
the  quality  of  the  grass,  the  form  of  boiler, 
the  pressure  at  which  it  is  boiled,  and  the  time 
allowed.  When  the  boiling  is  completed,  the 
liquor  is  run  away,  evaporated  to  dryness,  and 
ignited,  and  the  alkali  recovered  in  the  form  of 


carbonate.  This  is  dissolved  in  water,  converted 
into  caustic  by  means  of  lime,  and  is  again 
available  for  use. 

The  boiled  grass  is  washed  once  or  twice 
in  the  boiler,  and  then  subjected  to  the  ‘ wet- 
picking ’ process,  whereby  any  unboiled  portions 
are  removed.  The  process  is  being  gradually 
abandoned  in  favour  of  what  is  known  as  the 
‘ presse-pate  ’ system,  which  consists  in  purifying 
tire  pulp  by  passing  it  when  bleached  through  a 
series  of  strainers  and  knotters.  It  is  then  made 
into  a coarse  web  of  pulp  on  the  ‘ presse-pate,’ 
which  may  be  described  as  a paper  machine 
without  the  drying  cylinders. 

The  subsequent  treatment  of  esparto  does  not 
differ  essentially  from  that  of  other  fibres,  and 
need  not  be  particularly  described. 

The  haulms  (really  leaves)  of  esparto  vary  in 
length  from  0’3  to  0‘5  m.,  the  mean  thickness 
being  about  L5  mm.  ; the  individual  fibres 
are  100-400  mm.  long,  and  0 ‘009-0 *5  mm. 
thick. 

The  fibres  possess,  owing  to  their  fineness 
and  their  tendency  to  curl,  considerable  ‘ felting  ’ 
properties.  Paper  made  from  esparto  is  soft  to 
the  touch,  ‘ bulks  ’ well,  and  at  the  same  time  is 
strong. 

Esparto  fibre  can  be  recognised  in  a paper 
by  the  fact  that  when  boiled  with  a solution  of 
aniline  sulphate  a rose-pink  colonr  is  developed. 
A similar  colour  is  produced  with  straw  cellulose, 
but  of  a paler  shade.  With  iodine  and  sulphuric 
acid  the  wall  of  the  actual  bast-fibre  assumes 
a rusty  coloi^r,  showing  that  it  is  not  com- 
posed of  cellulose  ; with  aniline  sulphate  (cold) 
it  is  stained  yellow ; and  with  phloroglucinol 
and  hydrochloric  acid  a crimson  colour  is 
assumed,  thus  demonstrating  the  presence  of 
bodies  characteristic  of  lignified  walls.  They 
can  be  distinguished  by  the  size  and  shape  of 
the  peculiar  serrated  epidermal  cells,  which  are 
to  be  seen  when  the  commercial  fibre  is  examined 
under  the  microscope. 

Moreover,  esparto  pulp  always  has  a number 
of  the  short  conical,  often  hooked,  hairs  which 
line  the  inner  (upper)  surface  of  the  ‘ rolled  ’ 
leaf,  and  which  serve  to  distinguish  it  from 
straw  ; the  outer  (lower)  surface  of  the  leaf  is 
glabrous. 

The  chemical  characteristics  of  esparto  are 
those  of  the  ligno-celluloses  and  the  pecto-cellu- 
loses,  the  latter  predominating. 

Its  composition  is  shown  by  the  following 
analyses  (Hugo  Muller)  : — 


Cellulose 

Spanish. 

48-25 

African. 
, 45-80 

Fat  and  wax  . 

2-07 

2-62 

Aqueous  extract 

10-19 

9-81 

Lignin  and  pectous 
substances 

26-39 

29-30 

Ash 

3-72 

3-67 

Water  . 

9-38 

8-80 

100-00 

100-00 

The  names  ‘ esparto,’  ‘ sparto,’  and  ‘ alfa  ’ 
(^  halfa  ’),  are  also  given  to  the  leaves  of  another 
grass,  Lygeum  spartum  (Loefl.),  which  likewise 
grows  in  Spain  and  North  Africa.  These  leaves 
are  used  as  an  inefficient  substitute  for  those  of 
Stipa.  Microscopically  they  differ,  in  that  the 
hairs  have  a considerable  lumen,  and  are 
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usually  blunt-encled  ; the  epidermis  has  peculiar 
little  rounded  silica  cells  ; and  the  ribs  of  bast 
fibres  are  isolated  (not  linked  together  to  form  a 
continuous  band,  as  in  Stipa). 

ESTERIFICATION.  The  reaction  between 
an  acid  and  a monohydric  alcohol  appears,  at 
first  sight,  to  be  exactly  analogous  to  the 
neutralisation  of  an  acid  by  a monoacid  base  : 
the  equations  are  : 

CH3-C0-0H+C2H5-0H=CH3-C0-0C2H5+H20 

and 

CH3-C0-0H+Na0H=CH3-C00Na+H20 

The  product  formed  in  the  second  reaction  is  a 
metallic  salt,  and  that  in  the  first  reaction  is 
termed  an  alkyl  salt  or  more  commonly  an  ester. 
The  esters  can  be  regarded  as  metallic  salts  in 
which  the  metallic  radicals  have  become  replaced 
by  alkyl-  groups.  Corresponding  with  mono-,  di-, 
and  trivalent-metallic  radicals  are  the  mono-, 
di-,  and  trivalent  hydrocarbon  radicals,  methyl 
CHg— , ethyl  CgHg  — , propyl  C3H7— , &c., 
methylene  CH2=,  ethylidene  C2H4=,  &c., 

glyceryl  CgH^g,  &c.  The  process  of  the 
conversion  of  an  acid  into  its  alkyl-salts  is 
usually  termed  esterification,  and  is  the  common 
method  by  means  of  which  esters  are  prepared. 
Although  tills  reaction  appears  to  be  similar  to 
the  process  of  neutralising  an  acid  by  means  of 
an  alkali,  there  are  two  important  points  of 
difference. 

1.  The  reaction  between  an  acid  and  an 
alkali  in  aqueous  solution  is  instantaneous, 
whereas  the  reaction  between  an  acid  and  an 
alcohol  is  usually  slow,  and  lends  itseK  readily 
to  study  as  a time  reaction. 

2.  In  the  process  of  neutrahsation  between 
strong  acids  and  strong  alkalis,  the  reaction 
proceeds  to  completion  when  equivalent  quan- 
tities of  acid  and  alkali  are  used ; but  when 
equivalent  amounts  of  acid  and  alcohol  are 
brought  together,  complete  conversion  into  ester 
and  water  never  takes  place.  The  reaction 
begins  slowly  and  proceeds  untd  a state  of 
equilibrium  is  established.  The  rate  at  which 
the  reaction  proceeds,  and  the  final  equilibrium 
depend  upon  the  specific  acid  and  alcohol 
employed  and  upon  the  temperature.  The 
process  of  esterification  is  a typical  balanced  or 
reversible  reaction  : 

II-C02H+R'-0H  ^ R-C02R'+H20 

as  the  water  formed  in  the  process  of  esterifica- 
tion can  hydrolyse  the  ester  to  a certain  extent. 
This  reaction  is  one  of  the  best  to  study  in  order 
to  illustrate  the  effects  of  mass  action. 

The  reaction  between  acetic  acid  and  ethyl 
alcohol  was  studied  by  Berthelot  and  Pean  de 
St.  Gilles,  in  1862  ; they  showed  that  working 
with  equivalent  quantities  of  alcohol  and  acid, 
equilibrium  is  reached  when  66  p.c.  of  the 
reacting  compounds  have  been  transformed 
into  ester  and  water.  They  were  able  to  show 
that,  by  working  with  an  excess  of  alcohol,  a 
higher  percentage  of  the  acid  can  be  trans- 
formed, as  illustrated  by  the  following  numbers  ; 

Equivalents  of  al- 
cohol for  1 equiva- 
lent of  acid 
p.c.  of  acid  trans- 
formed into  ester 


According  to  Guldberg  and  Waage’s  law  of 
mass  action  formulated  in  1867,  the  rate  of 
chemical  reaction  is  proportional  to  the  con- 
centrations (molecular)  of  the  reacting  substances, 
and  to  a constant  which  is  characteristic  of  the 
reaction  and  retains  the  same  value  provided 
the  temperature  is  constant.  In  the  balanced 
reaction  : 

CH3-C02H+Et0H  ^ CH3-C02Et+H20 

the  direct  reaction  proceeds  at  a rate  which  can 
be  denoted  by  K.a.h,  where  K is  the  specific 
constant  for  this  reaction,  and  a and  h are  the 
concentrations  of  the  acid  and  alcohol  at  the 
time  of  measuring  the  rate.  Similarly,  the 
reverse  reaction  proceeds  at  a rate  K'.c.d,  where 
c and  d are  the  concentrations  of  the  ester  and 
water  at  the  particular  time.  When  the  state 
of  equilibrium  is  reached,  we  have  : 

K.a.h=K'.c.d 

Using  one  equivalent  of  acid  and  one  equivalent 
of  alcohol,  Berthelot  and  St.  Gdles  showed  that 
equilibrium  is  reached  when  0-66  mol.  of  acid 
and  of  alcohol  have  been  transformed,  leaving 
0’33  mol.  in  the  free  state  ; we  thus  have  : 

AxO-33xO-33=Z'xO-66xO-66 


The  ratio  K/K'  is  denoted  by  K,  and  is  usually 
termed  the  equilibrium  constant.  It  is  the 
ratio  of  the  constants  for  the  direct  and  reverse 
reactions,  and  is  independent  of  concentration, 
but  may  vary  with  temperature. 

This  equilibrium  constant  enables  us  to 
calculate  the  amount  of  acid  transformed  when 
any  known  quantities  of  the  given  acid  and 
alcohol  are  mixed  at  the  given  temperature  and 
kept  until  equilibrium  is  attained. 

With  a mixture  of  a,  h,  c,  d equivalents  of 
acid,  alcohol,  ester,  and  water  at  the  given 
temperature,  a—x  and  h—x  equivalents  of  acid 
and  alcohol  will  be  present  when  equilibrium  is 
attained,  and  c-\-x  and  dfi-x  equivalents  of 
ester  and  water  will  also  be  present,  as  each 
equivalent  of  acid  reacts  with  an  equivalent  of 
alcohol  and  produces  one  equivalent  of  both  ester 
and  water. 

K {cfi-x){d-fix)  K 

K'~{a-x){h-x)  ’ K'~^ 

{c-fix){d^x) 

{a—x){h—x) 

and  X can  be  calculated  when  a,  h,  c,  d are 
known. 

It  is  necessary  to  distinguish  between  esteri- 
fication by  means  of  the  acid  and  alcohol  alone, 
and  esterification  of  an  acid  by  an  alcohol  in 
the  presence  of  a catalytic  agent.  The  former 
process  is  generally  termed  ‘ direct  esterification,’ 
or  sometimes  ‘ autocatalytic  esterification,’  as  it 
has  been  suggested  that  the  organic  acid  itself 
can  act  as  a catalyst  to  a certain  extent.  The 
second  process  is  termed  the  catalytic  method 
of  esterification,  and  is  the  method  most 
commonly  used  in  the  laboratory  for  the  pre- 
paration of  esters. 
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Catalytic  esterification.  The  modem  labora' 
tory  method  is  due  to  E.  Fischer  and  Speier 
(Ber.  1895,  28,  3252).  It  consists  in  heating 
the  acid  with  excess  of  alcohol,  usually  about 
five  times  the  theoretical  amount,  in  the  presence 
of  a catalyst.  The  most  efficient  catalysts  are 
strong  acids,  and  hydrogen  chloride  (about 
3 p.c.  of  the  alcohol)  or  concentrated  sulphuric 
acid  (about  10  p.c.  of  the  alcohol)  is  generally 
used.  When  hydrogen  chloride  is  used  it  is 
advisable  to  prepare  a 3 p.c.  solution  of  this  in 
the  alcohol  before  adding  the  organic  acid.  The 
3 p.c.  solution  is  best  prepared  by  weighing  the 
alcohol  and  passing  in  the  dry  gas  by  means  of  a 
delivery  tube  which  just  touches  the  surface  of 
the  liquid,  and  weighing  from  time  to  time  until 
the  requisite  increase  in  weight  is  attained. 
The  organic  acid  is  then  added,  and  the  whole 
boiled  in  a reflux  apparatus  for  3 hours.  The 
greater  part  of  the  alcohol  is  distilled  off,  the 
residue  poured  into  about  5 times  its  volume  of 
cold  water,  and  the  solution  neutralised  with 
sodium  carbonate.  It  is  then  extracted  with 
ether,  the  ethereal  solution  dried  and  distilled, 
when  a 90  p.c.  yield  of  the  ester  can  usually  be 
obtained.  Esters  which  are  readily  hydrolysed 
by  water,  or  esters  which  are  extremely  soluble 
in  water,  can  sometimes  be  isolated  by  subjecting 
the  reaction  mixture  to  distillation  under 
reduced  pressure.  J.  and  M.  Phelps  (Amer.  J. 
Sci.  1907,  [iv.]  24,  194)  advise  heating  the  acid, 
e.g.  succinic  or  benzoic,  with  about  its  own 
weight  of  1 p.c.  alcoholic  hydrogen  chloride,  and 
a small  amount  of  solid  zinc  chloride  at  100°- 
110°,  and  afterwards  passing  in  a current  of  alco- 
hol (compare  ibid.  1908,  26,  281).  For  constants 
and  properties  of  common  esters,  see  Mathews 
and  Faville  (J.  Physical  Chem.  1918,  22,  1.) 

The  function  of  the  catalyst  is  to  accelerate 
the  rate  of  esterification ; many  acids  which 
react  very  slowly  with  alcohol  alone,  e.g.  acetic 
acid  at  the  ordinary  temperature,  can  be  trans- 
formed rapidly  into  esters  in  the  presence  of 
a small  amount  of  catalyst.  Hydrogen  chloride 
is  a more  efficient  agent  than  sulphuric  acid, 
the  ratio  being  three  to  one  (Kailan,  Monatsh. 
1909,  30,  21)  ; but  sulphuric  acid  is  frequently 
used,  as  it  is  more  convenient  to  work  with. 
Phelps  (Amer.  J.  Sci.  1908,  [iv.]  260,  290,  296) 
has  examined  theaction  of  various  acid  sulphates, 
e.g.  NaHS04,  KHSO4,  piperidine  and  aniline 
hydrogen  sulphates,  but  finds  that  they  are  not 
so  efficient  as  sulphuric  acid,  and  similarly  he 
has  studied  the  action  of  metallic  chlorides  on 
the  catalytic  action  of  hydrogen  chloride. 
Charcoal  (Freundlich,  Zeitsch.  physikal.  Chem. 
1906,  57,  412)  and  finely  divided  platinum 
(Sudborough  and  Turner)  also  act  as  feeble 
catalysts.  It  is  usually  stated  that  the  presence 
of  the  catalyst  does  not  affect  the  equilibrium, 
and  that  provided  the  ratio  of  alcohol  is  kept 
the  same,  the  percentage  of  ester  formed  when 
equilibrium  has  been  obtained,  is  the  same  in 
both  catalytic  and  direct  processes  ; but  Phelps 
does  not  agree  with  this  statement.  Ultra  violet 
light  brings  about  esterification  of  solutions  of 
benzoic  and  other  cyclic  acids,  especially  in  the 
presence  of  a trace  of  hydrochloric  acid  (Stoermer 
and  Lade  wig,  Ber.  1914,  47,  1803). 

The  amount  of  ester  formed  by  the  catalytic 
process  depends  upon  the  specific  acid  and 
alcohol  used,  and  tends  to  become  less  when  the 


ester  is  readily  hydrolysable.  In  the  case  of 
esters  extremely  soluble  in  water,  or  very 
readily  hydrolysed,  it  is  not  advisable  to  pour 
into  water,  but  to  distil  immediately  under 
reduced  pressure.  Phelps  and  Eddy  (Am.  J. 
Sci.  1908,  26,  253)  recommend  adding  solid 
potassium  carbonate  to  the  reaction  mixture 
and  distilling  under  reduced  pressure.  Certain 
finely  divided  metallic  oxides  have  a catalytic 
action  on  the  formation  of  esters. 

A method  of  catalytic  esterification  consists 
in  passing  a mixture  of  the  vapours  of  the 
acid  and  alcohol  through  a tube  containing 
finely  divided  titanium  dioxide  at  290°-300°  (Sa- 
batier and  Maihle,  Compt.  rend.  1911,  152,  494  ; 
A.  Mailhe,  Chem.  Zeit.  1913,  37,  777  and  806). 

According  to  Hauser  and  Klotz  (Chem.  Zeit. 
1913,  37,  146),  glucinum  oxide  is  more  efficient 
than  titanium  oxide,  and  even  tertiary  alcohols 
yield  esters  when  this  oxide  is  used. 

Senderens  and  Aboulenc  (Compt.  rend.  1911, 
152,  1671, 1855  ; 1912,  155,  168,  1012)  state  that 
by  the  addition  of  5 p.c.  of  aluminium  sulphate 
or  of  potassium  hydrogen  sulphate  to  a mixture 
of  equivalent  amounts  of  acetic  acid  and  ethyl 
alcohol  an  82  p.c.  yield  of  ester  is  obtained,  and 
that  1 p.c.  of  sulphuric  acid  by  volume  gives  an 
86 ’5  p.c.  yield.  The  actual  catalyst  is  stated  to 
be  ethyl  hydrogen  sulphate. 

Various  esters  derived  from  cyclic  alcohols, 
e.g.,  cyclohexanol,  have  been  prepared  by  the 
method.  The  temperature,  however,  must  not 
be  too  high  and  the  method  does  not  work  with 
aromatic  acids  containing  a carboxylic  group 
directly  attached  to  the  benzene  nucleus. 

For  use  of  (a)  anhydrous  calcium  chloride,  see 
Chem.  Soc.  Abstr.  1911,  i.  601,  (6)  nickel  sulphate 
Kurtenacker  and  Habermann,  J.  Pr.  Chem. 
1911,  (ii.)  83,  541,  and  (c)  dilute  sulphuric  acid 
Bodroux,  Compt.  rend.  1913,  156,  1079  ; 157, 
938,  1428.  A convenient  method  for  certain 
esters  appears  to  be  a saturated  aqueous  solution 
of  sodium  chloride  as  solvent  and  a little  sulphuric 
acid  as  catalyst. 

Relationship  between  constitution  and  esteri- 
fication using  the  catalytic  method.  V.  Meyer, 
and  Sudborough  (Ber.  1894,  27,  510,  1580, 
3146)  were  the  first  to  point  out  any  clear 
relationship  between  the  constitution  of  an  acid 
and  its  conversion  into  an  ester  by  the  catal5rtic 
method.  Their  original  method  was  to  saturate 
the  alcoholic  solution  of  the  acid  with  hydrogen 
chloride,  to  leave  at  the  ordinary  temperature 
for  several  hours,  and  then  to  isolate  and  weigh 
the  ester  formed.  Subsequently  the  Fischer- 
Speier  method  was  used.  They  were  able  to 
show  that  practically  any  substituted  benzoic 
acid,  in  which  the  two  ortho-  positions  with 
respect  to  the  carboxylic  group  are  substituted, 
does  not  yield  appreciable  amounts  of  ester 
when  its  alcoholic  solution  is  saturated  with 
hydrogen  chloride  and  kept  for  several  hours  at 
the  ordinary  temperature,  or  when  the  acid  is 
boiled  with  a 4 p.c.  solution  of  hydrogen  chloride 
in  alcohol.  All  substituents  react  in  much  the 
same  manner,  e.g.  CHg,  Cl,  Br,  F,  I,  COgH,  NOg, 
&c.,  but  the  substituents  F,  OH,  CHg  have  not 
so  marked  an  effect  as  nitro-,  carboxylic,  and 
halide  radicals  ; e.g.  acids  of  the  type 

CeH2MegU0.2H(C02H  : Meg  = l : 2 : 4 : 6) 
are  esterified  to  an  appreciable  extent  when 
hydrogen  chloride  is  passed  through  their 
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boiling  alcoholic  solutions  for  several  hours 
(Meyer  and  Sudborough,  Ber.  1894,  27,  1580 ; 
Meyer,  ibid.  1895,  28,  182,  1254 ; compare  also 
Kahn,  ibid.  1902,  35,  3857). 

The  presence  of  a second  benzene  nucleus,  as 
in  naphthalene-  and  anthracene -carboxylic  acids, 
has  much  the  same  effect  as  nitro-  or  halogen 
substituents  ; thus  2-chloro-l -naphthoic  acid, 
anthracene- 7 -carboxylic  acid  and  1-chloroanthra- 
cene-9-carboxylic  acid  do  not  yield  esters  by  the 
catalytic  method,  whereas  the  isomeric  3-chloro- 
2-naphthoic  acid,  anthracene- 1 -carboxylic  acid, 
and  3-chloroanthracene-2-carboxylic  acid  yield 
90  p.c.  of  ester  under  the  same  conditions. 

It  has  been  shown  by  V.  Meyer  (Ber.  1895, 
28,  3197  ; and  Rupp,  ibid.  1896,  29,  1625)  that 
the  dibasic  acids  : — tetrachloro-,  tetrabromo-, 
and  tetraiodo-terephthalic  acids,  tetrachloro-, 
tetrabromo-,  and  tetraiodo-wophthalic  acids, 
i.e.  acids  in  which  both  carboxylic  groups  are 
diortho-  substituted,  do  not  yield  esters  when 
heated  with  a 3 p.c.  solution  of  hydrogen 
chloride  in  alcohol.  An  acid  in  which  one  of 
the  carboxylic  groups  is  diortho-  substituted 
and  the  other  is  not,  yields  an  acid  ester  under 
similar  conditions,  e.g.  2 : 6-dimethylterephthalic 

_Me 

acid,  C6H2Me2(C02H)2  gives  CO^MeC^  ^COaH 

Me 


(Jannash  and  Weiler,  Ber.  1895,  28,  531). 
Similarly,  hemipinic  acid,  3:4-dimethoxyphthalic 

OMe  OMe 


acid,  gives  the  acid 


ester 


/~^COOH 

^"C02Me 


(Wegscheider,  Monatsh.  1895,  16,  135).  (For 
further  examples,  see  Wegscheider,  ibid.  1900, 
21,  621,  638  ; 1902,  23,  405  ; McKenzie,  Chem. 
Soc.  Trans.  1901,  79,  1135.)  An  apparent 
exception  is  met  with  in  the  case  of  3 : 6-dichloro- 
phthalic  acid,  which,  according  to  Graebe  (Ber. 
1900,  33,  2026),  yields  the  acid  ester 

01 

<^"\C02Et 

CrCOjH 

when  its  alcoholic  solution  is  saturated  with 
hydrogen  chloride  and  kept  at  the  ordinary 
temperature.  Tetrachloro-,  tetrabromo-,  and 
tetraiodo-phthalic  acids  also  yield  acid  esters 
(Rupp,  ibid.  1896,  29,  1625)  ; o-nitrophthalic 
acid  and  papaverinic  acid  (Mdler,  Annalen, 
1881,  208,  243 ; Wegscheider  and  Lipschitz, 
Monatsh.  1900,  21,  790 ; Wegscheider,  ibid. 
1902,  23,  369)  behave  in  a similar  manner, 
yielding  neutral  esters,  and  it  is  probable  that 
the  .esters  are  formed  by  the  conversion  of  the 
acids  into  their  anhydrides  under  the  influence  of 
the  hydrogen  chloride  or  sulphuric  acid,  and  the 
subsequent  addition  of  alcohol  to  the  anhydrides. 
3:6-Dichlorobenzoylbenzoic  acid  and  tetrachloro- 
benzoylbenzoic  acid  are  also  readily  esterified, 
and  it  is  possible  that  these  react  with  alcohol 
as  the  tautomeric  hydroxyphthalides  ; e.g. 

C6Cl4<^CO^^^^^^O+EtOH 

-^C02Et-C6Cl4*CTh(0H)2->C02Et-C6Cl4-C0Ph 


(Graebe).  The  results  obtained  with  tri-  or'even 
hexa-carboxylic  acids  show  the  same  inhibiting 
effect  of  ortho-substituents.  Thus  trimesic  acid, 
benzene  1:3: 5-tricarboxylic  acid,  yields  a neutral 
ester  ; hemimellitic  acid,  the  1:2: 3 -tricarboxylic 
acid,  yields  a dimethyl  ester  ; pyromellitic  acid, 
benzene- 1 : 2 : 4 : 5-tetracarboxylic  acid,  yields  a 
normal  ester  ; prehnitic  acid,  1:2:3:  4-tetracar- 
boxylic  acid,  gives  a dimethyl  ester  in  the  cold, 
and  -the  neutral  ester  on  heating  ; the  formation 
of  the  latter  is  probably  due  to  the  fact  that  an 
anhydride  is  first  formed,  and  this,  with  methyl 
alcohol,  gives  the  dimethyl  ester 

COaM^OgMe 

C02H<^\c02H. 

which  is  further  esterified  to  the  normal  ester. 
Dinitro- pyromellitic  acid,  mellitic  acid,  and 
hexahydroinellitic  acid  do  not  vield  esters 
(Meyer,  Ber.  1894,  27,  1590;  28, '^182;  1896, 
29,  840).  /sohydromellitic  acid,  on  the  other 
hand,  yields  a monomethyl  ester  (Van  Loon, 
ibid.  1895,  28,  1272). 

Substituted  benzoic  acids  in  which  the  sub- 
stituents are  not  in  ortho-  positions,  give  good 
yields  of  esters  by  the  Fischer-Speier  method, 
and  this  difference  in  behaviour  has  been  used 
for  the  following  purposes  : 1.  Separation  of  an 
ortho -disubstituted  benzoic  acid  from  isomerides 
(compare  Martz,  Ber.  27,  3147,  for  separation  of 
dinitro- benzoic  acids  ; Jannasch  and  Weiler,  ibid. 
3445,  for  separation  of  isomeric  trimethyl-benzoic 
acids).  Rosanoff  and  PifJger  (J.  Amer.  Chem. 
Soc.  1908,  30,  1912)  show  that  a mixture  of  ben- 
zoic acid  with  an  ortho-  substituted  benzoic  acid 
can  be  separated  by  partial  esterification  in  the 
cold  with  a 3 p.c.  solution  of  hydrogen  chloride 
in  ethyl  alcohol.  2.  Determination  of  the  con- 
stitution of-  particular  substituted  benzoic  acids. 
(Compare  V.  Meyer,  Ber.  1895,  28,  187,  for  2- 
methyl  - 5 - bromobenzoic  acid  ; Zincke  and 
Francke,  Annalen,  1896,  293,  123,  for  4-acetyl-5- 
bromo-^5o-phthalic  acid  ; and  Matthews,  Chem. 
Soc.  Proc.  1900,  16,  187,  for  2:3:  5-trichloro- 
benzoic  acid.  See  also  Blaise,  Compt.  rend. 
1898,  126,  733,  for  substituted  succinic  acids.) 

When  the  carboxylic  group  is  not  directly 
attached  to  the  benzene  nucleus,  but  is  united  to 
a side  chain,  the  presence  of  ortho-  substituents 
does  not  prevent  the  formation  of  esters,  e.g. 
2:4:6-tribromo-3-aminophenylpropionic  acid  and 
2:4:6-tribromophenylpropionic  acid,  mesitylacetic 
and  mesitylglyoxylic  acid  all  gave  good  yields  of 
esters  when  the  alcoholic  solutions  are  saturated 
with  hydrogen  chloride.  Kellas  (Zeitsch.  physikal. 
Chem.  1897,  24,  221)  and  Goldschmidt  (Zeitsch. 
lect.  Chem.  1909,  15,  4)  have  shown  that  the 
Introduction  of  one  ortho-  substituent  into  the 
benzoic  acid  molecule  retards  esterification  to 
an  appreciable  extent,  the  nitro-  group  having  a 
greater  inhibiting  effect  than  Me,  Cl,  Br,  or  I. 
Kailan  also  shows  that  o-aminobenzoic  acid 
hydrochloride  is  esterified  more  slowly  than  its 
isomerides  (Monatsh.  1906,  27,  1038)  ; but  he 
finds  that  o-nitrocinnamic  acid  is  esterified  more 
readily  than  the  p-  and  w-nitro  acids  [ibid.  1907, 
28,  1163).  Goldschmidt  was  able  to  show  that 
using  a dilute  alcoholic  solution  of  the  acid  with 
hydrogen  chloride  as  catalyst,  the  velocity  of 
the  reaction  can  be  determined  by  means  of 
the  equation  for  a unimolecular  reaction,  K=^ 
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l/^(log  aja—x)  ; since  under  these  conditions  the 
mass  of  the  alcohol  can  be  regarded  as  constant, 
and  the  reaction  is  practically  non-reversible  in 
the  presence  of  the  large  excess  of  alcohol.  The 
concentration  of  the  acid  at  any  given  moment 
can  be  determined  by  direct  titration  with 
standard  barium  hydroxide  solution,  using 
phenolphthalein  as  indicator.  When,  however, 
the  ester  formed  is  readily  hydrolysed,  as  in  the 
case  of  ethyl  formate,  ethyl  trichloracetate,  and 
ethyl  pyruvate,  it  is  necessary  to  titrate  with 
ammonium  hydroxide  solution,  using  litmus  as 
indicator,  as  the  end  point  is  not  definite  when 
baryta  is  used,  owing  to  the  instantaneous 
hydrolysis  of  the  ester  by  the  baryta.  The 
constant  K is  directly  proportional  to  the  con- 
centration of  the  hydrogen  chloride  in  the 
absence  of  water,  and  falls  somewhat  as  t (time) 
increases,  owing  to  the  fact  that  the  water 
produced  during  the  esterification  has  a retard- 
ing effect.  The  influence  of  small  amounts  of 
water  has  been  studied  by  Kailan  (Monatsh. 
1906,  27,  543,  997  ; 1907,  28,  115,  571,  673,  705, 
965,  1069,  1137,  1187  ; 1908,  29,  799;  1909, 
30,  1),  who  has  shown  that  the  relationship 
between  the  rate  of  esterification  and  the 
amount  of  water  can  be  represented  by  means  of 
an  equation  of  the  type,  e.g.  in  the  case  of 
cinnamic  acid 


1 

K 


=0-665- 


4876  1-678 


+1  2-911- 


3-212  4-358  \ 


+ 


jw 


+(^-27-54+?^ 


2-284 

^2 


\w 


2 


for  concentrations  of  water  mj=0-3  to  1-3,  and  for 
concentrations  of  hydrogen  chloride  c=0-15  to 
0-66.  (Compare  also  Fitzgerald  and  Lapworth, 
Chem.  Soc.  Trans.  1908,  93,  2168.) 

The  inhibiting  action  of  water  on  a mixture 
of  acid  and  alcohol  is  readily  shown  by  com- 
paring the  rates  of  esterification  of  the  same 
mixture  of  acid  and  alcohol : (a)  in  presence  of 
water ; [h)  in  presence  of  a corresponding 

quantity  of  benzene  (Kailan,  Zeitsch.  physikal. 
Chem.  1915,  89,  676).  When  25  or  50  volume 
p.c.  of  alcohol  is  used  the  relative  effects  of 
benzene  and  water  are  as  1 : 100  or  150.  The 
effect  of  water  on  the  esterification  of  dibasic 
acids  has  also  been  examined  (Kailan,  ibid. 
1913,  85,  706  ; 1914,  87,  619). 

Sirks  (Rec.  trav.  chim.  1908,  27,  237)  has 
obtained  the  following  values  for  the  esterifica- 
tion constants  of  the  isomeric  dinitrobenzoic 
acids  at  25°,  using  ethyl  alcohol  containing  a 
little  water  with  hydrogen  chloride  as  catalyst  : 
3 : 4-dinitro-acid,  0-0086  ; 3 : 5-acid,  0-0050  ; 
2 .-  3-acid,  0-0005  ; 2 : 5-acid,  0-0003  ; 2 : 4-acid, 
0-0002  ; and  2 : 6-acid,  nil.  The  values  for 

®EtoH  obtained  for  benzoic,  w-,  and  o-nitro- 
benzoic  acids  were  0-0132,  0-0071,  0-001. ^ 

These  numbers  indicate  the  retarding  effect 
of  one  or  two  nitro-  groups  in  the  ortho-  position ; 
even  one  m-  group  retards,  but  the  introduction 
of  a second  nitro-  group  into  the  meta-  position 
of  the  w-nitro  acid  molecule,  increases  the 
rate. 


rhe  letter  E is  used  to  denote  the  esterification 
constant  of  an  acid,  using  normal  hydrogen  chloride  as 
catalyst,  and  the  temperature  and  specific  alcohol  are 
also  given,  as  the  constant  varies  with  these. 


From  a comparison  of  the  rates  of  esterifica- 
tion of  these  acids  with  their  dissociation 
constants,  Sirks  comes  to  the  conclusion  that 
acids  with  small  dissociation  constants  are 
esterified  more  readily  by  the  catalytic  method 
than  acids  with  high  dissociation  constants ; 
but  an  examination  of  certain  alkyl-  derivatives 
of  aliphatic  acids  shows  that  the  statement  does 
not  hold  good  generally. 

Sudborough  and  Lloyd,  by  using  Gold- 
schmidt’s method  of  determining  esterification 
constants,  have  shown  that  the  introduction  of 
one  substituent  into  the  acetic  acid  molecule 
has  a retarding  effect,  whatever  the  nature  of 
the  substituent.  The  introduction  of  two 
substituents  usually  has  a more  marked  effect 
than  one,  and  three  a greater  influence  than  two, 
when  the  two  or  three  substituents  are  alike. 
A comparison  of  the  esterification  constants  for 
the  normal  fatty  acids  gave  the  following  values 

for  EjjjgQjj  : formic  1124,  acetic  104,  propionic 
92,  and  from  butyric  to  stearic  values  between 
50  and  54.  The  introduction  of  a carbonyl- 
group  in  place  of  the  a-methylene  group  of  a 
normal  fatty  acid  produces  a retardation 
(Kailan,  Monatsh.  1907,  28,  1187  ; Sudborough, 
Chem.  Soc.  Trans.  1912,  101,  1227).  The  intro- 
duction of  methyl-  groups  into  the  molecule  of 
methyl  hydrogen  succinate  also  produces  a 
lowering  of  the  esterification  constant  (Bone, 
Sudborough,  and  Sprankling,  Chem.  Soc.  Trans. 
1904,  85,  534). 

In  the  case  of  unsaturated  acids,  the  following 
generalisations  have  been  drawn  (compare  Sud- 
borough and  Lloyd,  Chem.  Soc.  Trans.  1898,  73, 
81 ; Sudborough  and  Roberts,  ibid.  1905,  87,1840 ; 
Sudborough  and  Thomas,  ibid.  1907,  91,  1033  ; 
Sudborough  and  Gittins,  ibid.  1909,  95,  315  ; 
Sudborough  and  Davies,  ibid.  975).  1.  An  a/3- 

unsaturated  acid  is  esterified  much  less 
readily  than  its  saturated  analogue  ; in  many 
cases  the  ratio  is  1 : 40.  2.  An  a^-  unsaturated 

acid  is  esterified  far  less  readily  than  the  isomeric 
acids,  in  which  the  double  linking  is  further 
removed  from  the  carboxyl-  group.  As  a rule, 
^y-  unsaturated  acids  are  esterified  more  readily 
than  their  saturated  analogues  ; e.g.  ySy-phenyl- 

-I  r O 

crotonic  acid  has  E,,  86-6,  and  the  saturated 

7-phenyl-?^-butyric  acid  ^^^eOH  56-25. 
75-Acids  and  other  unsaturated  acids,  in  which 
the  double  linking  is  further  removed  from  the 
carboxyl-  group,  are  esterified  at  much  the  same 
rate  as  the  corresponding  saturated  acids  ; e.g. 
E for  oleic  acid  is  54-3,  and  for  palmitic  acid 
49-7.  3.  In  most  cases  the  introduction  of  a 

substituent  into  the  a-  position  in  the  acrylic 
acid  molecule  has  a greater  inhibiting  effect  than 
when  introduced  into  the  /8-  position.  4.  The 
effect  of  a substituent  in  the  cis-  position  is  more 
marked  than  in  the  trans-,  thus  an  acid  of  the 
X— C— H 

type  II  is  more  readily  esterified 

Y-C-CO,H 

“ H— C— X 

than  the  isomeride  || 

Y— C-CO2H 

The  difference  in  the  rates  of  esterification 
of  an  a^-  unsaturated  acid  and  the  saturated 
analogue,  a difference  which  has  been  confirmed 
by  Kailan  (Monatsh.  1907,  28,  1137)  in  the  case 
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of  cinnamic  and  hydrocinnamic  acids,  affords  a 
very  convenient  method  for  separating  mixtures 
of  the  two.  This  is  well  shown  in  the  preparation 
of  hydrocinnamic  acid.  The  acid  is  obtained  by 
the  reduction  of  cinnamic  acid,  and  is  liable  to 
contain  small  amounts  of  the  latter,  which  are 
difficult  to  remove  by  crystallisation,  but  a 
complete  separation  can  be  effected  by  the 
action  of  a dilute  solution  of  hydrogen  chloride 
in  ethyl  alcohol.  The  saturated  acid  is  com- 
pletely transformed  into  ester,  and,  under  suit- 
able conditions,  the  unsaturated  acid  remains 
unesterified.  A similar  method  can  also  be 
used  with  advantage  for  the  separation  of  a 
mixture  of  an  a^-  unsaturated  acid  and  the 
isomeric  ^Sy-acid  ; this  method  is  preferable  to 
the  older  method  used  by  Fittig,  in  which  the 
87-acid  was  transformed  into  the  7-lactone 
(Sudborough  and  Thomas,  Chem.  Soc.  Trans. 
1911,  99,  2307). 

Gyr  (Ber.  1908,  41,  4308)  has  determined  the 
esterification  constants  of  a number  of  mono-, 
di-,  and  tri-  substituted  acetic  acids,  and  confirms 
the  results  obtained  by  Sudborough  and  Lloyd. 
The  values,  for  example,  for  acetic,  phenyl  acetic, 
diphenyl  acetic,  and  triphenyl  acetic,  at  25°  are 
respectively  V'lG,  3'57,  0’20,  and  O’OOl.  Gyr 
worked  with  absolute  methyl  alcohol,  and 
recommends  boiling  some  three  or  four  times 
with  small  amounts  of  metallic  calcium  in  order 
to  remove  the  last  traces  of  water. 

Kistiakowsky  (Zeitsch.  physikal.  Chem.  1898, 
27,  250)  has  determined  the  velocity  of  reaction 
of  an  acid  and  alcohol  in  mixtures  of  the  alcohol 
and  water  containing  hydrogen  chloride.  In 
this  case  the  esterification  and  hydrolysis  pro- 
ceed side  by  side,  and  the  velocity  constants  for 
the  two  are  denoted  by  K and  K'.  Then  : 


K+K'=l 


^—x 


when  the  amounts  of  water  and  alcohol  are 
large  compared  with  the  amount  of  acid  present. 
I denotes  the  gram-molecules  of  acid  transformed 
into  ester  at  equilibrium,  and  x the  number  of 
gram-molecules  transformed  at  end  of  time  t. 

K can  also  be  calculated  from  K-\-K'  by 
means  of  equation  : 

Z=(Z-f  A')- 

a 


The  values  of  K and  K'  and  also  the  value 


I 

a 


are  independent  of  the  original  concentration  of 
the  organic  acid. 

The  same  values  for  K and  K'  are  obtained 
when  a mixture  of  acid,  alcohol,  water,  and 
catalyst,  or  ester,  alcohol,  water,  and  catalyst 
are  used,  provided  the  proportion  of  water  and 
alcohol  and  the  concentration  of  the  catalyst 
are  kept  the  same. 

The  temperature  coefficient  between  t = 25° 
and  t = 30°  is  about  10  p.c.  per  degree,  using 
mixtures  of  alcohol  and  water  containing 
13-70  p.c.  alcohol. 

The  values  of  both  K and  K'  fall  on  passing 
from  formic  to  acetic,  and  again  from  acetic  to 


monochloracetic. 

The  effect  of  the  proportion  of  alcohol  and 
water  present  is  marked.  The  value  of  K in  the 


case  of  formic  acid  rises  from  0 to  300  as  the 
percentage  of  alcohol  increases  from  0 to  91 ‘4, 
whereas  the  value  for  K'  falls  from  198  to  60, 
as  the  percentage  of  alcohol  is  increased  from 
0 to  91 ’4.  In  the  absence  of  a catalyst,  the 
velocity  of  esterification  falls  as  the  organic 
acid  is  used  up,  whereas  the  velocity  of  hydrolysis 
is  first  small,  and  gradually  increases  as  fresh 
acid  is  formed,  and  both  K and  K'  diminish 
with  an  increase  in  the  amount  of  alcohol 
present. 

Direct  method  of  esterification.  The  reaction 
between  alcohol  and  a mineral  acid  is  frequently 
used  as  a method  for  the  preparation  of  ethyl 
esters  of  inorganic  acids,  e.g.  ethyl  chloride 
bromide,  nitrite,  sulphate  (for  ethyl  bromide, 
cf.  Weston,  Chem.  Soc.  Trans.  1915,  107,  1489  ; 
Holt,  ibid.  1916,  109,  1). 

Norris,  Watt,  and  Thomas  (J.  Amer.  Chem. 
Soc.  1916,  38,  1071)  have  studied  the  reaction 
between  different  alcohols  and  dilute  solutions 
of  hydrochloric  and  hydrobromic  acids.  They 
find  that  the  rate  of  formation  of  esters  in  the 
case  of  primary  alcohols  tends  to  decrease  as 
the  molecular  weight  of  the  alcohol  in- 
creases. Of  the  three  groups  of  alcohols,  the 
tertiary  are  the  most,  and  the  primary  least, 
reactive. 

Menschutkin,  working  with  the  fatty  acids 
(J.  pr.  Chem.  1881,  [ii.]  24,  49 ; ibid.  1882, 
[ii.]  25,  193  ; Ber.  1897,  30,  2783),  was  one  of 
the  first  to  draw  attention  to  the  relationship 
between  the  rate  of  esterification  and  the  con- 
stitution of  the  acid  and  of  the  alcohol,  and 
found  that  the  amount  of  acid  converted  into 
ester  in  a given  time  diminished  with  the  com- 
plexity of  the  acid  molecule,  and  also  with  the 
complexity  of  the  alcohol  molecule.  By  heating 
a given  amount  of  acetic  acid  with  equivalent 
amounts  of  different  alcohols  for  one  hour  at 
135°,  Menschutkin  was  able  to  show  that,  on 
the  whole,  a primary  alcohol  is  esterified  more 
rapidly  than  a secondary,  and  a secondary 
than  a tertiary.  Some  of  the  results  obtained 
by  Menschutkin  for  primary  alcohols  are  not 
true  measures  of  velocity,  as  equilibrium  had 
already  been  obtained  within  the  hour.  It  is 
also  pointed  out  that  the  introduction  of  side 
chains  or  of  negative  substituents  into  a primary 
alcohol  also  tends  to  lower  the  rate  of  esterifica- 
tion, and  the  greater  the  number  of  such  groups 
introduced  the  more  pronounced  is  the  effect. 
The  introduction  of  an  olefine  linking  into  the 
molecule  of  the  alcohol  in  the  a8-  position  also 
diminishes  the  rate  of  esterification.  Subsequent 
experiments  made  by  heating  the  alcohol  with 
given  weights  of  acetic  anhydride  gave  similar 
results.  Still  later  work  with  hydroxy-poly- 
methylenes (Chem.  Soc.  Trans.  1906,  89,  1533), 
using  the  acetic  anhydride  method,  indicates  that 
these  compounds  are  esterified  more  readily 
than  analogous  open-chain  compounds,  e.g. 
the  value  for  methyl-propyl- car  binol  and 
cyclopentanol  are  respectively  98  and  189,  and 
that  cyclic  tertiary  alcohols  are  esterified  least 
readily  and  primary  most  readily.  The  results 
also  indicate  that  methyl-  groups  in  the  o-  posi- 
tion with  respect  to  the  hydroxyl-  group  also 
produce  retardation,  but  not  to  the  same  extent 
as  when  attached  to  the  carbon  atom  to  which 
the  OH  is  attached.  Michael  and  Wohlgast 
(Ber.  1909,  42,  3157)  have  determined  the  rates 
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of  esterification  of  trichloracetic  acid  with  following  numbers,  using  the  equation  for  a 
various  alcohols  at  25°  and  50°,  and  give  the  bimolecular  reaction  : — 


Primary  alcohols  ^ ^qo 

Secondary 

K X 10'’ 
25° 

Methyl  . 

. 3690 

24,000 

Dimethyl-carbinol 

, 98 

Ethyl  . 

. 650 

4,210 

Methyl-ethyl  „ 

. 90 

Propyl  . 

725 

Methyl-propyl  ,, 

. 76 

Butyl 

. 1200 

Methyl-hexyl  „ 

. 109 

/sobutyl 

. 740 

Heptyl  . 

. 1160 

Octyl 

. 1860 

Cetyl 

. 2500 

16,300 

Tertiary 

Ter- butyl  . 118 

Ter-amyl  . 248 


According  to  Michael,  factors  which  are  of 
importance  are  : 1.  Degree  of  association  of  the 
alcohol ; as  this  is  greater  in  the  case  of  the 
simpler  alcohols,  the  rate  of  esterification  would 
be  reduced  to  a greater  extent.  2.  Readi- 
ness with  which  the  alcohol  decomposes  into 
H and  R'0‘  in  order  to  react  with  the 
carbonyl-  group.  3.  The  influence  of  alkyl- 
groups  on  the  affinity  of  the  R'O*  and  H for  the 
unsaturated  atoms  of  the  carbonyl-  group. 
Michael  claims  that  his  results  do  not  afford  the 
slightest  evidence  for  the  view  that  atoms  or 
groups  can  produce  effects  by  mere  filling  of 
Space. 

As  regards  the  influence  of  the  constitution 
of  the  acid  on  the  velocity  of  esterification, 
Menschutkin  drew  the  following  conclusions  as 
the  result  of  experiments  made  by  heating  the 
respective  acids  for  one  hour  with  ^sobutyl 
alcohol.  The  introduction  of  an  alkyl-  group 
into  the  formic  acid  molecule  invariably  produces 
a retardation  in  the  esterification.  The  intro- 
duction of  alkyl-  groups  into  the  acetic  acid 
molecule  also  produces  a retardation,  and  this 
is  greatest  when  three  alkyl-  groups  replace  the 
three  hydrogen,  e.g.  trimethylacetic  acid,  and  is 
least  when  only  one  alkyl-  group  is  introduced. 
Unsaturated  acids  of  the  type  of  crotonic  and 
cinnamic  are  esterified  less  readily  than  their 
saturated  analogues. 

Lichty  (Amer.  Chem.  J.  1895,  17,  27  ; 

1896,  18,  590)  found,  however,  that  in  the  case 
of  the  chlorinated  acetic  acids  the  introduction 
of  a chlorine  atom  into  the  acetic  acid  molecule 
tends  to  facilitate  the  formation  of  ester  when 
the  direct  method  is  used.  The  presence  of  an 
ai8-  ethylene  linking  has  not  the  same 'marked 
effect  in  direct  esterification  as  in  catalytic 
esterification  (Thomas  and  Sudborough,  Chem. 
Soc.  Trans.  1912,  101,  317).  It  is  obvious  that 
the  results  obtained  by  the  direct  and  catalytic 
methods  of  esterification  are  not  comparable, 
and  Sudborough  and  Feilmann  (Chem.  Soc.  Proc. 

1897,  13,  241)  have  suggested  that  at  least  two 

factors  are  concerned  in  the  process  of  esterifica- 
tion when  using  the  same  alcohol,  viz,  (1)  strength 
of  the  acid  esterified ; (2)  the  presence  of 

substituting  groups  in  close  proximity  to  the 
carboxyl-  group.  When  the  direct  method  of 
esterification  is  used,  the  former  appears  to  be 
the  determining  factor,  whereas  with  the 
catalytic  method  the  latter  is  of  primary  im- 
portance ; but  in  either  case  both  factors  are 
involved.  Compare  also  Fliirscheim,  Chem,  Soc. 
Trans.  1909,  95,  718. 

Rosanoif  and  Prager  (J.  Amer.  Chem.  Soc. 
1908,  30,  1895)  have  also  shown  that  diortho- 
substituted  benzoic  acids  can  be  esterified  by 
the  direct  method,  provided  they  are  heated  with 


excess  of  the  alcohol  at  a comparatively  high 
temperature  (183°)  for  about  100  hours.  The 
reaction  proceeds  even  at  the  boiling-point  of 
alcohol,  but  requires  prolonged  heating,  Rosanoff 
and  Prager  determined  both  the  velocity 
constant  A and  the  reciprocal  of  the  equilibrium 
constant,  viz,  W—K'jK.  They  used  different 
weights  of  alcohol  and  acid  in  each  experiment, 
and  by  taking  the  volume  of  the  solution  into 
account,  they  calculated  K by  means  of  the 
equation  : 

2-3026t; 

t\f{a-h)^+4.abW 

2ab—x{a-\-'b—  (a— &)2+4a5K') 
2u6-ir(a'+6+  ^/((^_5)2_j_4«5K') 

where  a and  h are  the  molar  concentrations  of 
the  acid  and  alcohol,  v is  the  volume  of  the 
mixture  in  litres,  x the  number  of  gram-mole- 
cules of  the  ester  formed  after  time  t (in  days). 
The  values  of  K obtained  for  a few  acids  are  : 


Benzoic  . 

. 0*630 

2:3:  5-Tribromobenzoic 

. 0*370 

3:4:5- 

. 0*900 

2:4:6- 

. 0*088 

2:4:  6-Trichlorobenzoic 

. 0*031 

Acetic 

. 1*450 

Propionic 

. 0*950  * 

/sobutyric 

. 1*070 

Trimethylacetic 

. 0*180 

Chloracetic 

. 2*460) 

Dichloracetic 

. 6*380  >at  80 

Trichloracetic  . 

. 12  *000 ) 

and  it  is  pointed  out  that  in  many  of  these  cas 

an  increase  in  velocity  of  esterification  runs 
parallel  with  an  increase  in  the  electrolytic 
dissociation  constants  of  the  acids,  although 
the  two  sets  of  constants  are  not  proportional. 

Michael  and  Oechslin  (Ber,  1909,  42,  317) 
have  determined  the  amounts  of  ester  formed 
when  various  mono-  substituted  benzoic  acids 
are  heated  with  methyl  alcohol  in  sealed  tubes 
at  135°  without  a catalyst,  but  they  did  not 
determine  the  actual  constants.  They  found 
that  many  m-  and  p-  substituted  benzoic  acids 
containing  negative  substituents  are  esterified 
somewhat  more  readily  than  benzoic  acid,  but 
that  an  ortho-  substituent,  with  the  exception 
of  Cl,  tends  to  retard  esterification,  and  that  the 
effect  is  the  greatest  in  the  case  of  the  methvl- 
group. 

The  following  are  some  of  the  values  obtained 
after  7 hours  : benzoic  lid,  o-chlorobenzoic 
11*9,  o-bromobenzoic  10*4,  o-iodobenzoic  9*7, 
o-nitrobenzoic  10*0,  salicylic  7*7,  and  o-toluic  6*2. 

The  results  obtained  by  Rosanoff  and  Prager 
and  by  Michael  and  Oeschelin  are  compatible 
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with  the  view  that  at  least  two  factors  are 
concerned  in  esterification  either  by  the  catalytic 
or  the  direct  method ; that  in  the  former  case 
the  chief  factor  is  the  presence  of  substituents  in 
close  proximity  to  the  carboxyl-  group  (steric 
hindrance)  whereas  the  strength  of  the  acid,  as 
measured  by  its  dissociation  constant,  is  of  but 
secondary  importance  ; in  the  direct  method  the 
relative  values  of  the  two  factors  are  frequently 
the  exact  opposite.  (Note : The  dissociation 
constant  for  s-trichlorobenzoic  acid  is  not 
known.)  The  results  do  not  justify  the  conclu- 
sion drawn  by  both  Rosanoff  and  Michael,  that 
substituents  do  not  retard  esterification  by  mere 
space  filling. 

Eor  direct  esterification  of  dibasic  acids,  see 
Kailan  (Zeitsch.  physikal.  Chem.  1915,  89,  676). 

The  reaction  between  a mercaptan  and  an 
acid  is  analogous  to  that  between  an  alcohol  and 
an  acid,  and  the  product  is  the  ester  of  a thio- 
acid.  The  reaction  has  been  studied  in  detail 
by  L.  S.  Pratt  and  E.  E.  Reed  (J.  Amer.  Chem. 
Soc.  1915,  37,  1934)  at  a temperature  of  243°, 
and  using  different  mercaptans.  The  limiting 
values  are  much  less  than  when  the  corresponding 
alcohols  are  used,  and  tend  to  diminish  as  the 
molecular  weight  of  the  alcohols  increases. 

Other  methods  for  preparing  esters.  Esters 
which  cannot  be  obtained  by  direct  esterifica- 
tion, e.g.  the  esters  of  diortho-  substituted 
benzoic  acids,  can  be  prepared  by  the  following 
methods  : 1.  Action  of  the  alcohol  on  the  acid 
chloride  or  acid  anhydride.  The  latter  action 
is  accelerated  by  the  presence  of  small  amounts 
of  a strong  acid  (Reychler,  Bull.  Soc.  chim.  Belg. 
1907,  21,  428).  2.  Action  of  the  alkyl  iodide  on 

the  dry  silver  salt,  or,  in  the  case  of  aromatic 
acids,  by  the  action  of  alkyl  chlorides  on  dry 
potassium  salts  in  the  presence  of  a trace  of 
a base  such  as  triethylamine.  Benzyl  ben- 
zoate is  readily  prepared  by  heating  together  at 
95°-100°  potassium  benzoate  (100),  benzyl 
chloride  (120),  and  triethylamine  (1).  3.  Action 

of  methyl  sulphate  on  an  aqueous  solution  of 
the  sodium  salt  of  the  acid  (Werner  and  Seybold, 
Ber.  1904,  37,  3658).  4.  Action  of  an  ethereal 

solution  of  diazomethane  on  the  acid. 

Sulphonic  acids.  Sulphonic  acids  do  not 
give  good  yields  of  esters  when  warmed  with 
alcohol  alone  or  with  alcohol  and  a mineral  acid. 
This  is  probably  due  to  the  fact  that  the  ester 
formed  immediately  reacts  with  the  alcohol, 
giving  the  free  acid  and  an  ether  : 

CeHg-SO.-OMe+MeOH^CeHg-SOa-OH+Me^O 

(comp.  Krafft  and  Roos,  Ber.  1893,  26,  2823  ; 
Wegscheider  and  Furcht,  Monatsh,  1902,  23, 
1094).  The  esters  are  not  formed  when  the 
sodium  sadt  of  the  acid  is  warmed  with  alkyl 
iodide  and  alcohol  (Wegscheider  and  Furcht)  ; 
but  can  be  obtained  by  the  action  of  methyl 
sulphate  on  the  acid  or  by  the  action  of  the 
alcohol  on  the  acid  chloride  at  low  temperatures 
(Krafft,  Ber.  1892,  25,  2256). 

Esters  of  dibasic  acids.  A dibasic  acid  can 
give  rise  to  both  an  acid  and  a normal  ester, 
e.g.  COaH-CHa-COaH-^COaH-CHa-COaMe  and 
COaMe’CHa'COgMe.  With  the  exception  of 
diortho-  substituted  aromatic  dibasic  acids,  the 
normal  esters  can  be  obtained  by  the  Eischer- 
Speier  method  of  esterification.  For  the  pre- 
paration of  the  acid  esters,  the  following  methods 


are  resorted  to  : 1.  Addition  of  alcohol  or  of 
sodium  alkyl  oxide  to  the  acid  anhydride.  2. 
Partial  hydrolysis  of  the  normal  ester.  3. 
Partial  esterification  of  the  acid.  4.  The  action 
of  alkyl  iodides  on  the  acid  silver  salts,  if  these 
can  be  prepared,  or  on  the  acid  potassium  salts. 
In  the  case  of  a symmetrical  dibasic  acid,  the 
same  acid  ester  is  formed  by  all  these  methods, 
although,  in  most  cases,  except  those  coming 
under  the  first  heading,  the  yields  are  not  very 
good,  as  free  acid  and  normal  esters  are  also 
formed,  and  the  separation  is  not  always  easy. 

With  an  unsymmetrical  dibasic  acid,  two 
isomeric  acid  esters  (the  a and  the  h)  ^ can  exist, 
and  which  of  these  is  formed  depends  largely 
on  which  method  of  preparation  is  used. 
Wegscheider  has  carried  out  numerous  experi- 
ments (comp.  Monatsh.  1895,  16,  75  ; 1897,  18, 
418,  629;  1899,  20,  685;  1900,  21,  621,  638, 
787  ; 1902,  23,  317,  357,  369,  393,  405  ; 1903, 
24,  413,  915  ; 1905,  26,  1039  ; 1906,  27,  487, 
777;  1907,  28,  819;  1908,  29,  525,  531,  535, 
541,  557  ; sulphonated  benzoic  acids,  ibid. 
1902,  23,  1093  ; tribasic  acids,  ibid.  1910,  31, 
1253)  on  the  following  acids  : hemipinic  (3:4- 
dimetfioxyphthalic),  nitrohemipinic,  camphoric, 
nitro-,  bromo-,  amino-,  and  hydroxy-terephth- 
alic,  3-  and  4-nitrophthalic,  4-hydroxyphthalic, 
phthalonic,  homophthalic,  aspartic,  phenyl- 
succinic,  and  papaverinic,  and  has  drawn  the 
following  conclusions  under  the  assumption  that 
the  two  carboxylic  groups  differ  appreciably  as 
regards  their  relative  strength : 1.  By  the 

addition  of  alcohol  to  the  anhydride  and  by  the 
action  of  alkyl  iodides  on  the  acid  potassium  or 
acid  silver  salts,  the  stronger  carboxyl-  group  is 
esterified,  so  that  under  these  conditions  u-acid 
esters  are  formed.  If  there  is  but  little  difference 
in  the  relative  strengths  of  the  two  carboxyl- 
groups,  then  a mixture  of  the  two  acid  esters  is 
obtained,  but  the  a-  compound  preponderates  ; 
e.g.  CgH2(C02H)2(0Me)2(l  : 2 : 3 : 4)  gives,  by 
these  methods,  the  acid  ester  : 


CeH2(C02H)(C02Et)(0Me)2 

1 2 3:4 


C02H-CgH3 

(1) 


CO 


(2)  /CO.2H  (1) 
0 gives  CgHg^COaMe  (2) 

(3)  \CO2H  (3) 


Exception  : phenyl  succinic  anhydride.  Diazo- 
methane and  the  acid  give  mainly  neutral  ester, 
but  also  small  amounts  of  acid  ester  derived 
from  the  stronger  carboxyl-  group.  2.  By  the 
process  of  catalytic  esterification  the  carboxylic 
acid  group,  which  is  freer  from  adjacent  sub- 
stituents, is  esterified  first ; thus  opianic  acid 
gives  the  b-  ester  CgH2(C02Et)(C02H)(0Me)2, 

1 2 3:4 

but  neutral  ester  and  small  amounts  of  the  a- 
isomeride  may  also  be  formed,  especially  if  the 
conditions  are  such  that  anhydride  formation 
can  occur.  The  same  rule  holds  good  for 
direct  esterification  if  the  possibility  of  anhydride 
formation  is  excluded.  3.  The  addition  of 
sodium  alkylate  in  the  absence  of  alcohol  and 
water  to  the  anhydride  yields  the  b-  acid  ester, 
with  appreciable  amounts  of  the  isomeride. 
4.  The  partial  hydrolysis  of  the  neutral  ester 
gives  the  acid  ester,  which  is  difficult  to  prepare 


’ The  term  6-  ester  is  given  to  the  acid  ester  with  the 
higher  dissociation  constant,  and  the  isomeride  is  termed 
the  a-  (Ber.  1902,  35,  4329 ; 1903,  36,  304). 
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by  the  method  of  catalytic  esterification  ; e.g 
dimethylhemipinate  gives  the  a-acid  ester. 
Exceptions  : the  hydrolysis  of  methyl  hydroxy- 
terephthalate,  4-hydroxyphthalate,  4-nitroph- 
thalate,  aminoterephthalate,  phthalonate. 

For  formation  of  esters  of  phthalic  acid  in 
presence  of  hydrochloric  acid  and  hydrolysis 
of  the  esters,  see  Wegscheider  and  Amann 
(Monatsh.  1915,  36,  549  and  633). 

In  the  case  of  the  majority  of  symmetrical 
dibasic  acids  the  two  carboxylic  groups  are 
esterified  at  the  same  rate ; in  other  words, 
the  replacement  of  OH  by  OEt  does  not  affect 
the  rate  of  esterification.  In  the  case  of  both 
maleic  and  oxalic  acids,  however,  there  is  a 
retardation  produced  by  the  conversion  of  one 
of  the  COgH  groups  into  a COgEt.  This  is 
attributed  by  Kailan  (Zeitsch.  physikal.  Chem. 
1914,  87,  619)  to  the  proximity  of  the  two 
carboxylic  groups  to  one  another,  and  as  the 
retardation  is  greater  in  the  case  of  maleic  acid, 
it  is  argued  that  in  this  acid  the  two  carboxylic 
groups  are  closer  than  in  oxalic  acid. 

Theories  of  esterification. — Direct  method : 
The  reaction  between  the  acid  and  alcohol  is 
not  a simple  ionic  reaction,  since  the  acid  with 
the  highest  dissociation  constant  is  not  neces- 
sarily esterified  most  readily,  and  in  the  case  of 
a dibasic  acid  it  is  not  always  the  stronger  COgH 
group  which  is  esterified  first.  The  view  usually 
accepted  at  the  present  time  is  that  an  additive 
compound  of  alcohol  and  acid  of  the  type 
/OEt 

R’C^  OEt,  i.e.  a dialkyl-  derivative  of  an  ortho- 
\OH 

carboxylic  acid,  is  first  formed  by  the  addition 
of  a molecule  of  alcohol  to  the  carbonyl-  group  of 
the  acid  (Wegscheider,  Monatsh.  1895,  16,  137  ; 
Henry,  Ber.  1877,  10,  2041).  Michael  suggests 
that  before  this  additive  compound  is  formed  an 
unstable  ‘ Kekule  double  molecule  ’ is  formed, 
perhaps  by  the  coming  into  play  of  the  two 
latent  valencies  of  the  oxygen  atoms  : 


OH 

Et 


It  is  well  known  that  many  esters  can  form 
additive  compounds  with  sodium  ethoxide,  and, 
therefore,  presumably  with  ethyl  alcohol, 
although  compounds  of  the  latter  type  have  not 
been  isolated.  Pechmann  (Ber.  1898,  31,  503) 
has  been  able  to  show  that  the  esters  of  diortho - 
substituted  benzoic  acids  cannot  yield  additive 
compounds  with  sodium  ethoxide,  probably 
owing  to  the  space  filling  (steric  hindrance)  of 
the  group  in  the  ortho-  position  ; by  analogy,  the 
diortho-  substituted  acids  would  not  yield  the 
orthocarboxylic  acid  derivative  at  all  readily, 
and  this  would  account  for  the  fact  that  diortho- 
substituted  benzoic  acids  are  not  readily  esterified. 

Catalytic  esterification.  According  to  Michael, 
the  processes  of  direct  and  catalytic  esterifica- 
tion are  essentially  different ; the  former  is  a 
reaction  between  the  organic  acid  and  alcohol, 
and  the  latter  a reaction  between  the  organic 
acid  and  an  additive  compound  of  the  alcohol 
and  catalyst  (Ber.  1909,  42,  312).  This  reaction 
does  not  consist  of  addition  to  the  carbonyl- 
group  of  the  acid,  but  in  union  of  the  acid  with 
the  alcohol-catalyst  complex  to  form  a large 
‘ double  molecule,’  which  decomposes  immedi- 
ately into  ester,  water,  and  catalyst.  The  fact 


that  esterification  is  facilitated  by  the  presence 
of  the  catalyst  is  accounted  for  by  the  assump- 
tion that  the  alcohol-catalyst  complex  contains 
a greater  store  of  energy,  is  therefore  more  re- 
active than  the  alcohol  itself,  and  can  more 
quickly  develop  the  maximum  entropy  of  the 
alcohol-acid  system.  It  is  questionable  whether 
these  views  are  in  harmony  with  the  facts  estab- 
lished by  Wegscheider,  viz.  that  the  same  acid 
ester  is  obtained  from  an  unsymmetrical  dibasic 
acid,  whether  the  direct  or  catalytic  method  of 
esterification  is  adopted,  provided  that  anhy- 
dride formation  is  excluded.  Goldschmidt  also 
comes  to  the  conclusion  that  the  two  processes 
are  essentially  different  (Zeitsch.  Elektrochem. 
1909,  15,  4).  He  claims  to  have  shown  that  the 
presence  of  sodium  trichloracetate  does  not 
depress  the  velocity  of  esterification  of  trichlor- 
acetic acid  by  the  direct  method,  and,  therefore, 
the  direct  esterification  cannot  be  a simple  case 
of  hydrion  catalysis.  Later  experiments  of 
Sudborough  and  Turner  show  that  the  presence 
of  salts  of  trichloracetic  acid  does  diminish  the 
rate  of  esterification  of  the  acid,  and  hence 
Goldschmidt’s  conclusion  is  not  justified.  The 
fact  that  in  direct  esterification  the  strength  of 
the  acid  is  an  important  factor  is  compatible  with 
the  view  that  the  organic  acid  itself  plays  the 
same  part  in  direct  esterification  that  the  catalyst 
does  in  catalytic  esterification.  This  view 
agrees  again  with  the  fact  that  the  reaction  in 
certain  cases  of  direct  esterification  is  bimolecular 
(Goldschmidt,  Ber.  1896,  29,  2208),  provided 
the  reaction  is  not  between  the  ions  of  acid  and 
alcohol. 

Kailan  (Monatsh.  1908,  29,  799)  is  also  of 
opinion  that  the  processes  of  direct  and  catalytic 
esterification  are  not  analogous,  since  the 
addition  of  a small  amount  of  water  increases 
the  rate  of  esterification  of  trichloracetic  acid  by 
the  direct  method,  but  diminishes  the  activity  of 
trichloracetic  acid  when  it  is  used  as  a catalyst. 

Various  views  are  held  with  regard  to  the 
function  of  the  catalyst.  Goldschmidt  and 
Uddy  (Zeitsch.  physikal.  Chem.  1907,  60,  728  ; 
comp,  also  Ber.  1906,  39,  711,  and  Zeitsch. 
physikal.  Chem.  1910,  70,  627)  conclude  that 
the  hydrions  of  the  catalyst  are  the  active 
agents,  since  the  activity  of  different  acids  is  in 
the  order  of  their  relative  strengths,  e.g.  the 
relative  values  of  the  acids  hydrochloric,  picric, 
trichloracetic,  and  dichloracetic  as  catalysts  are 
indicated  in  the  order  given,  and  the  addition 
of  salts  of  the  acid  used  as  catalyst  diminishes  the 
activity  of  the  catalyst.  They  further  conclude 
that  the  hydrions  unite  with  the  alcohol,  and 

+ 

that  the  complex  ion  (C2HgO,H)  is  the  active 
agent.  They  suggest  the  following  modified 
formula  for  calculating  the  velocity  constant : — 

K . c=  \{n-{-r-\-a)  logg— x 

t a—x 

where  c = concentration  of  catalyst,  n = 
concentration  of  water,  and  r = hydrolytic 
constant  of  the  complex  alcohol  ion  for 

(C2HgO,H)  r=l-5. 

The  constants  obtained  by  means  of  this 
equation  agree  better,  and  do  not  show  the 
tendency  to  decrease  as  t increases,  a tendency 
which  is  marked  when  the  constants  calculated 
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by  means  of  the  ordinary  equation  for  a uni- 
molecular  reaction  are  used, 

A marked  exception  to  the  depressing  effects 
of  the  addition  of  salts  is  met  with  in  the  case  of 
hydrogen  chloride,  where  the  addition  of  chlorides 
such  as  calcium  chloride,  tetramethyl- ammonium 
chloride,  and  aniline  hydrochloride,  have  no 
appreciable  effect  on  the  catalytic  activity  of 
hydrogen  chloride  (Goldschmidt ; Sudborough). 

Many  chemists  are  of  opinion  that  in  catalytic 
esterification,  as  in  catalytic  hydrolysis  of  esters 
by  means  of  mineral  acids  (.see  art.  on  Hydro- 
lysis), a complex  is  formed  between  the  substance 
transformed  (acid  in  esterification  and  ester  in 
hydrolysis)  and  the  catalyst.  This  compound  is 
probably  an  oxonium  salt  containing  quadra- 

valent  oxygen,  e.g.  R-C\  . The  salt, 

_ OH 

only  small  amounts  of  which  may  be  present, 

+ — 

is  ionised  into  (R-C02H,H)  and  Cl,  and  the 
esterification  proceeds  by  the  reaction  of  the 
complex  cation  with  the  alcohol  (Acree  and 
Johnson,  Amer.  Chem.  J.  1907,  38,  334) ; e.g.  : 

+ + 

(R-C02H,H)+C2H50H=Il-C02Et+H20-fH 

and  not  with  the  ions  of  the  alcohol  as  suggested 
by  Lapworth.  This  reaction  is  more  rapid  than 
the  simple  reaction  between  the  acid  and  alcohol, 
and  in  this  way  the  accelerating  effect  of  the 
catalyst  is  accounted  for. 

The  retarding  effects  produced  by  small 
amounts  of  water  are,  according  to  Lapworth 
(Chem.  Soc.  Trans.  1908,  93,  2167,  2196),  due 
to  the  water  competing  with  the  organic  acid 
for  the  catalyst,  and  giving  rise  to  the  com- 
+ 

plex  ion  (H20,H),  which  is  not  catalytically 
active.  The  fact  that  in  alcohol  containing 
water,  the  velocity  of  esterification  at  con- 
stant volume  decreases  more  rapidly  than 
the  concentration  of  the  catalyst  (Gold- 
schmidt and  Uddy,  Zeitsch.  physikal.  Chem. 
1907,  60,  735  ; Kadan,  Monatsh.  1906,  27,  543, 
997  ; Annalen,  1907,  351,  186),  is  also  held  to  be 
opposed  to  the  view  that  a complex  hydrion  is 
formed  with  the  alcohol. 

Work  on  the  catalytic  activity  of  strong 
acids  tends  to  show  that  this  activity  is 
exerted  in  two  ways  : (a)  by  means  of  hydrions  ; 
(b)  by  the  non-ionised  acid,  and  that  the  effect 
due  to  the  non-ionised  acid  is  greater  for  highly 
ionised  than  for  slightly  ionised  catalysts.  In 
methyl  and  ethyl  alcohol  the  retarding  influences 
of  water  on  esterification  is  of  much  the  same 
magnitude  for  different  acids,  and  this  is  held 
to  support  the  view  that  an  intermediate  com- 
pound of  alcohol  and  catalyst  plays  a most 
important  part  in  the  change  (Goldschmidt  and 
Thuesen,  Zeitsch.  physikal.  Chem.  1912,  81, 
30). 

Compare  also  Snethlage,  tbid.  1913,  85,  211  ; 
1915,  90,  91  and  139 ; Acree,  Amer.  Chem.  J. 
1912,  48,  352  ; Dawson  and  others,  Chem.  Soc. 
Trans.  1913,  103,  2135;  1014,  105,  1093; 

1915,  107,  1426;  1916,  109,  1262;  McBain 

and  Coleman,  zbtd.  1914,  105,  1517 ; H.  S. 
Taylor,  Zeitsch.  Electro.  Chem.  1914,  20,  201. 

(For  the  conversion  of  acid  amides  into  esters, 
and  for  the  transformation  of  methyl  into  ethyl 
VoL.  IT.— r. 


esters,  both  processes  of  alcoholysis,  see  art. 
Hydrolysis.)  J,  J.  S. 

ESTON.  Trade  name  for  basic  aluminium 
acetate.  Used  as  an  antiseptic  powder  in 
dressing  wounds. 

ESTORAL  V.  Synthetic  drugs. 

ESTRAMADURITE  v.  Fertilisers. 

ETA  (E)  ACID.  l-Naphthylamine-3  : 8-di- 
sulphonic  acid  v.  Naphthalene. 

ETELEEN,  Trigallic  acetal. 

ETHAL  V.  Waxes. 

ETHYL  C2H5  or  CH3— CHg  is  a univalent 
basylous  radical  not  known  in  the  free  state, 
the  body  C4H10  or  (C2H5)2  which  was  named 
ethyl  (afterwards  diethyl)  by  its  discoverer, 
Frankland  (Chem.  Soc.  Trans.  2,  263),  being 
now  regarded  as  butane. 

Ethyl  acetamide  v.  Ethylamine  (infra). 

Ethyl  acetate  v.  Acetic  acid. 

Ethyl  acetoacetate  v.  Ketones. 

Ethyl  alcohol  v.  Alcohol. 

Ethyl  antimonite  (C2H50)3Sb ; b.p.  115°- 
120°  ; from  action  of  C2H5OH  upon  Sb203  in 
presence  of  anhydrous  CUSO4 ; colourless 
liquid  (McKey,  Chem.  Soc.  Trans.  1909,  95,  604). 

Ethyl  arsenite  (C2H50)3As.  A liquid  formed 
by  action  of  C2H5OH  upon  As40g  in  presence  of 
anhydrous  CUSO4,  the  yield  being  4‘5  p.c.  (Lang, 
McKey,  and  Gortner,  Chem.  Soc.  Trans.  1908, 
93,  1368).  According  to  Crafts  (Bull.  Soc.  chim. 
1870,  ii.  14,  99),  it  is  obtained  in  very  small 
yields  by 

(1)  Action  of  Et3Si03  upon  AS4O6  at  200°  ; 

(2)  Action  of  Ag3As03  upon  EtI  at  150°  ; 

(3)  Action  of  AsBr3  upon  NaOEt. 

Auger  (Compt.  rend.  1906,  143,  907)  obtained 
a yield  of  1'2  p.c.  by  heating  EtOH  and  AS4O6 
in  a sealed  tube  far  above  the  boiling-point  of 
the  alcohol. 

Ethyl  arsenate.  A liquid  boiling  above  200° 
with  partial  decomposition.  Decomposed  by 
water  immediately.  Formed  by  heating  together 
in  sealed  tubes  at  100°  Ag3As04  and  EtI  (Crafts, 
Bull.  Soc.  chim.  1870,  ii.  14,  99). 

Ethyl  boride  (C2H5)3B.  Triethyl  boride, 
Borethyl ; b.p.  95°  ; sp.gr.  0'696  at  23°  ; V.D.  at 
132°  = 3-598  ; at  101-6°  = 3-76  ; calc.  = 3-399. 
From  action  of  Zn(C2H5)2  upon  (C2H5)3B03,  or 
from  BCI3  and  Zn(C2HK)2  (Frankland,  Trans. 
Roy.  Soc.  1862,  167  ; Proc.  Roy.  Soc.  1876, 
25,  165). 

A spontaneously  inflammable,  colourless 
liquid  burning  with  green  flame  ; decomposed  by 
HCl,  evolving  CgHg,  and  forming  B(C2H5)2C1. 
Is  slowly  decomposed  by  water,  and  destroyed 
by  HNO3,  with  formation  of  boric  acid.  Absorbs 
NH3,  forming  an  oily  liquid  NH3B(C2H5)3  of  an 
aromatic  odour,  which  is  fairly  stable  even  in 
contact  with  0.  B(C2H5)3  absorbs  0 and  forms 

B(C2H5)302  ; b.p.  125°.  This,  by  the  action  of 
water,  yiel^  ethylboric  acid  B(C2H5)(OH)2, 
a crystalline  solid  resembling  naphthalene  in 
appearance ; can  be  sublimed  at  40°  ; has  a 
sweet  taste,  and  acid  action,  but  does  not  combine 
with  bases.  By  action  of  Zn(C2H5)2  upon  this 
body  we  get  B(C2H5)(OC2H5)2  and  B(OC2H5)3  ; 
b.p.  112°  ; V.D.  (dissoc.)  2-78.  By  further  action 
of  Zn(C2Hg)2  upon  ethylboric  acid  we  get 
B(C2HJ20C2H5  ; b.p.  102°  ; V.D.  = 3-914. 
Water  converts  this  into  B(C2H5)20H,  a 
spontaneously  inflammable  liquid,  which  absorbs 
oxygen,  yielding  B(C2H50)C2H5-0H  ; m.p.  8°. 

2 u 
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Ethyl  bromide  CgHgEr.  Hydrdbromic  or 
Bromhydric  ether;  m.p.  — 116'0°  (Ladenburg 
and  Krugel,  Ber.  32,  1818),  —125*5°  (Schneider, 
Zeitsch.  physikal.  Chem,  22,  233) ; b.p.  38*22° 
(corr.)  (Thorpe  and  Rodger,  Phil.  Trans.  1894, 
A,  11,  472);  sp.gr.  1*4189  at  15°  (Mendeleeh), 
1*4733  at  0°  (Pierre),  1*4685  at  13*5°;  crit. 
temp.  236°  (Pawlewski,  Ber.  16,  2633). 

Preparation. — 1.  By  action  of  P and  Br  upon 
alcohol  (Serullas,  Ann.  Chim.  Phys.  [2]  34,  99). 
40  parts  red  P and  160  parts  absolute  alcohol  are 
slowly  mixed  with  100  parts  Br,  kept  cool  until 
all  action  is  over  ; the  mixture  is  then  distilled, 
and  the  distillate  purified  by  washing  with 
water  and  rectification  (Personne,  Compt.  rend. 
52,  468). — 2.  Absolute  aleohol  is  heated  with  Br 
and  distilled,  and  the  distillate  is  freed  from 
excess  of  Br  by  washing  with  KOH  and  redistil- 
lation (Lowig,  Annalen,  3,  288). — 3.  4 parts  KBr 
and  5 parts  of  a mixture  of  2 parts  H2SO4  and 
1 part  alcohol  of  96  p.c.  are  distilled,  and  dis- 
tillate purified  as  above  (De  Vrij,  J.  1857,  441  ; 
Tabourg,  Bull.  Soc.  chim.  1911,  [iv.]  9,  124). 
Weston  (Chem.  Soc.  Trans.  1915,  108,  1489)  has 
given  details  of  a modification  of  De  Vrij’s 
method,  using  sodium  bromide  in  place  of 
potassium  bromide  and  paying  attention  to  the 
rate  of  heating,  whereby  yields  of  80-90  p.c. 
of  the  theoretical  amount  of  pure  ethyl  bromide 
can  be  obtained  (c/.  Holt,  Chem.  Soc.  Trans. 
1916,  109,  1.). — 4.  C2H4  in  presence  of  AlBrg 
at  0°  eombines  with  HBr  to  form  CgHgBr 
(Gustavson,  J.  Russ.  Phys.  Chem.  Soc.  16,  95). 
To  prepare  pure  CgHgBr,  the  commercially 
pure  bromide  is  shaken  with  H2SO4  and  allowed 
to  separate.  It  is  then  shaken  with  dilute 
alkali  and  distilled  with  10  p.c.  of  sweet  almond 
oil  (Adrian,  Chem.  Zentr.  1895,  i.  20). 

Ethyl  bromide  is  a colourless  liquid  with  a 
sweet  taste,  and  burning  after-taste.  Its  vapour 
has  ansesthetic  properties  (Robin,  Compt.  rend. 
34,  649;  Webster,  Bio.  Chem.  J.  1906,  i.  328  ; 
Cole,  J.  Physiol.  29).  It  is  slightly  soluble  in 
water,  and  miscible  with  alcohol  and  ether. 
The  vapour  is  decomposed  by  heat,  yielding 
C2H4  and  HBr,  or,  if  the  temperature  be  higher, 
C is  deposited  (Lowig).  Burns  in  air  with  a 
green  flame,  evolving  HBr.  By  introduction  of 
Cl  two  isomeric  bodies  of  the  composition 
C2H4ClBr,  b.p.  84*5°  and  104°-108°,  and  2 
isomerides  of  composition  CaHgClaBr,  b.p.  137°, 
151°  (Lescoeur,  Bull.  Soc.  chim.  1878,  29,  483) 
are  obtained.  At  100°  Br  reacts,  forming 
CH2Br*CH2Br,  whilst  at  200°  CH3*CHBr2  is 
the  product  (Meyer  and  Muller,  Ber.  24,  4247  ; 
J.  pr.  Chem.  [2]  46,  161).  By  action  of  Br  and 
P upon  alcohol,  we  get,  further,  C2H4Br2, 
b.p.  160°;  CaHgBrg,  b.p.  180°;  C2H2Br4, 
b.p.  190°-200°  (Bertrand,  Einot,  Bull.  Soc.  chim. 
34,  28)  (y.  Ethylene  bromide).  Heated  with 
AlBrg,  yields  successively  C2H4Br2,C2H2Br4, 
and  C2Brg  (Mouneyrat,  Compt.  rend.  127,  109). 
With  ammonia  it  yields  NH2(C2H5),HBr ; and 
with  ethylamine,  diethylammonium  bromide 
NHlCoHnlojHBr  ; similarly,  with  diethylamine, 
it  yields  N(C2Hg)3HBr. 

Ethyl  chloride  C2H5CI.  Chlorhydric  or  Hy- 
drochloric ether;  m.p.  —142*5°  (Schneider, 
Zeitsch.  physikal.  Chem.  22,  233) ; b.p.  12*5° 
(Regnault,  J.  1863,  67) ; crit.  temp.  187*2 ; 
erit.  press.  51*7  atm.  (Berthoud)  ; sp.gr.  0*9214 
at  0°  ; 0*9176  at  8°,  0*920  at  0°  (Pierre),  0*851  ' 


at  b.p.  (Ramsay,  Chem.  Soc.  Trans.  35,  470)  ; 
S.V.  75*8  (Kopp).  (Robiquet  and  Colin,  Ann. 
Chim.  Phys.  [2]  1,  343  ; Regnault,  ibid.  71,  355  ; 
Kiihlman,  Annalen,  33,  108 ; Lowig,  Pogg. 
Ann.  14,  346  ; Gm.  7,  367  ; Gerh.  11,  308.)  Per 
a table  of  its  vapour  pressure  between  —30°  and 
+ 100°,  see  Henning,  J.  Soc.  Chem.  Ind.  1920, 
I.  T 

Known  as  far  back  as  1500,  and  its 
preparation  described  by  Glauber  in  1648. 
1+om  alcohol  by  the  action  of  S2CI2  or  metallic 
chlorides  (Rotielle  [1759])  ; from  alcohol  and  HCl 
(Basse  [1801]).  Composition  first  ascertained 
by  Robiquet  and  Colin.  Also  formed  by  action 
of  Cl  upon  CgHg  (Darling,  Annalen,  150,  216), 
and  of  HCl  upon  ether  in  sealed  tubes  (Berthelot). 

The  action  of  HCl  upon  alcohol  gives  a very 
poor  yield  of  CgHgCl,  unless  ZnCl2  is  added  to  the 
alcohol  before  passing  in  HCl  (Groves,  Chem. 
Soc.  Trans.  1874,  636).  Kruger  (J.  pr.  Chem. 
[2]  14,  193)  recommends  that  a mixture  of  1 
part  of  Zn(il2  in  82  parts  of  alcohol  should  be 
saturated  with  HCl  gas  in  the  cold,  and  then 
heated  to  boiling,  HCl  being  passed  in  during 
distillation.  A reflux  eondenser  stops  the  alcohol 
vapour,  and  the  CgHgCl  passes  on  and  is 
collected  in  a well-cooled  receiver. 

The  formation  of  C2H5CI  in  this  process  is 
partly  due  to  the  action  of  HCl  upon  alcohol, 
and  partly  to  the  union  of  the  nascent  C2H4 
with  HCl  (Schorlemmer,  Chem.  Soc.  Trans. 
1875,  308)  ; this  view  is  sustained  by  the  fact 
that  if  amyl  alcohol  be  thus  treated,  both 
primary  and  secondary  amyl  alcohol  are  pro- 
duced, and  the  latter  can  only  be  formed  from 
the  radical  CgH^g.  Ethyl  chloride  is  also 
formed  by  the  action  of  PCI  5 upon  alcohol,  and 
also,  to  some  extent,  by  the  action  of  Cl  upon 
alcohol.  Hence  the  formation  of  ethyl  ehloride 
in  the  manufacture  of  chloral. 

It  is  a colourless  mobile  liquid  ; has  a pungent 
ethereal  smell,  and  a sweetish  taste,  is  in- 
flammable and  burns  with  a green-edged  flame, 
evolving  HCl.  It  is  sparingly  soluble  in  water 
(1  part  in  3000),  but  mixes  readily  with 
alcohol  and  ether.  It  dissolves  phosphorus, 
sulphur,  fats,  oils,  and  many  resins.  It  combines 
with  many  metallic  chlorides — e.g.  SbClg,  EegClg 
— to  form  crystalline  compounds.  Mainly  used 
for  Ethylation  in  the  manufacture  of  dye  stuffs 
and  drugs,  and  as  a refrigerant  and  solvent. 

It  is  used  in  medicine  like  ether,  but,  on 
account  of  its  volatility,  it  is  mixed  with  an 
equal  volume  of  alcohol,  and  is  then  known  as 
‘ alcoholised  muriatic  ether,  B.P.’  It  is  de- 
composed at  a red  heat  into  C2H4  and  HCl ; 
at  higher  temperatures  carbon  separates,  and 
CH4,H,  and  HCl  are  set  free.  Strong  HNO3,  when 
boiling,  liberates  HCl  and  forms  C2H5NO3  in 
small  quantity  (Thenard,  Boullay).  SO3  absorbs 
it,  forming  S03*C2H5C1,  a fuming  liquid,  b.p.  130° 
— probably  the  three  isomerides  C2H50*S02*C1, 
CH2*C1CH2*S02*0H,  and  CH2(0H)*CH2S02*C1 
(Purgold,  Zeitsch.  Chem.  1868,  669  ; Ber.  6,  502). 
When  vapour  of  C2H5CI  is  passed  through 
boiling  H2SO4,  HCl  is.  evolved  (Thenard),  also 
C2H4  and  SO2  (Boullay).  When  the  vapour  is 
led  through  a tube  containing  heated  soda-lime, 
a mixture  of  CH4  and  H is  evolved,  and 
NaC2H302  and  Na2C03  are  formed  (L.  Meyer, 
Annalen,  139,  282),  while,  according  to  Dumas 
and  Stas,  C2H4  and  NaCl  are  formed.  On 
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AgNOgjOgHgCl  has  no  action  until  after  pro- 
longed contact,  but  even  after  some  months 
only  a very  small  quantity  of  AgCl  is  formed 
(Thenard,  Boullay)  ; but  AgCl  is  rapidly  thrown 
down  when  CgHgCl  is  heated  with  a solution  of 
AgNOa  in  sealed  tubes  (G.  C.  Foster). 

Heated  with  bromine  and  iron  wire  at  100°, 
CgHgBr  and  ethylene  dibromide  are  formed 
(V.  Meyer  and  Petrenko-Kritschenko,  Ber.  25, 
3307). 

NHg  has  only  a slight  action  at  ordinary 
temperatures,  but  on  heating  a mixture  of  NHg 
and  C2H5CI,  ethylene  and  a deposit  of  NH4CI  are 
formed  (Dumas  and  Stas,  Ann.  Chim.  Phys.  73, 
154).  When  a mixture  of  ethereal  NH3  and 
C2H5CI  is  exposed  to  sunlight,  crystals  of  ethyl- 
amine  hydrochloride  separate  (Stas).  When 
heated  with  alcoholic  NH3  to  100°  in  sealed  tubes, 
NHo(C2H5),HC1  is  also  produced,  together  with 
traces  of  ]SrH(C2Hg)2,HCl  and  N(C2Hg)3,C2HgCl 
(Groves,  Chem.  Soc.  Trans.  1861,  13,  331). 
KOH  slowly  removes  Cl  from  CoHgCl,  yielding 
(in  aqueous  sol.)  aleohol  and  KCl.  Alcoholic 
KOH  and  C2HgCl  heated  to  100°  in  sealed  tube 
deposits  KCl  and  forms  (C2Hg)20  (Balard,  Ann. 
Chim.  Phys.  [3]  12,  302).  Passed  into  heated 
sol.  of  KgS,  ethyl  sulpliide  is  formed ; with 
alcoholic  KHS,  mercaptan  is  formed  (Beg- 
nault). 

Chlorine  in  the  sunlight  yields  di-,  tri-, 
tetra-,  penta-,  and  hexa-  chloro-  derivatives  of 
ethane  (Regnault)  ; of  the  dichloro-  derivatives 
CH3’CHCl2  is  the  main  product.  If,  however, 
ethyl  chloride  is  heated  with  a halogen  carrier, 
CH2CPCH2CI  is  the  chief  product  (D’Ahns  and 
Kautzsch,  J.  pr.  Chem.  [2]  1909,  80,  305  ; Staedel 
tbul.  303  ; Ber.  6,  1403  ; Meyer  and  Muller, 
J.  pr.  Chem.  [2]  46,  161). 

Trichlorethane  C2H3CI3. 

1.  Chlorethylene  chloride  CH2Cl‘CHCl2  ; b.p. 

115°  (Pierre,  Annalen,  80,  127),  113'7°  at  760 
mm.  (Stadel,  Ber.  15,  2563),  113-5°-114°  at 
753 '2  (Schiff,  Annalen,  220’97)  ; sp.gr.  1’4223  at 
0°  (P.),  1-4577  at  9-4°/4°,  1-2945  at  113-5°/4° 
(Schiff,  1-4406  at  25-6°;  1-4719  at  22° 

Rx  —42-26  (Kanonnikow),  from  C2H3CI  (Reg- 
nault, Ann.  Chim.  Phys.  [2]  69,  151),  or 
CHCL’CHg  (Meyer  and  Muller,  J.  pr.  Chem.  [2] 
46,  174),  and  SbClg. 

2.  Ethenyl  trichloride  CH3-CCI3  ; b.p.  74-5° 

(Geuther,  J.  1870,  435);  74-1°  at  760  mm. 

(Stadel,  Ber.  15,  2563)  ; sp.gr.  1-3465  at  0° 
(Pierre,  Annalen,  80,  127),  1-372  at  16°  (Reg- 
nault, Annalen,  33,  317),  1-3657  at  0°,  1-3249  at 
26°;  y^=:l-4199  at  21°;  Rx=42-0  (Kanon- 
nikow) ; by  the  chlorination  of  ethyl  chloride 
(Regnault,  ibid.  33,  317).  Decomposed  by 
sodium  ethoxide,  giving  C2H2CPO-C2Hg,  C2H4O2, 
and  C2H3(OEt)3. 

Tetrachlorethane  C2H2CI4. 

1.  as-CHgCl-CClg ; b.p.  135°  (Regnault,  Ann. 
Chim.  Phys.  [2]  69,  162),  138*6°  (Pierre,  Annalen, 
80,  130),  135*1°  (corr.)  (Geuther,  Brockhoff,  J. 
1873,  317);  sp.gr.  1-6116  at  0°  (P.),  1*576 
at  19°  (R.),  1-5825  at  0°,  1*5424  at  26°; 
at  i°  = l-4772-0-000437^ ; Rx  =50*72  (Kanon- 
nikow). Formed  by  chlorination  of  ethyl 
chloride  (Laurent,  Annalen,  22,  292)  ; or  action 
of  Cl  upon  CH2Ci  CHCI2  (Regnault)  ; by  heat- 
ing at  110°  acetylene  tetrachloride  and  AICI3 
(Mouneyrat,  Bull.  Soc.  chim.  1898,  19,  499). 
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Decomposed  by  sodium  ethoxide  into 
C.HCla'O-CaHg  and  CH2(0C2Hg)C02Na. 

“ 2.  5-CHC12-CHC12;  b.p.  147*2°;  sp.gr. 
4°/4°  = l-6208,  17°/17°=1-6013;  at  17°= 
1-495587  ±0-000006  (Veley,  Proc.,  Roy.  Soc. 
1910,  B 82,  217)  ; Rx  =50*6  (Kanonnikow). 
From  C2H2  and  SbClg  (Berthelot,  Jungfleisch, 
Annalen,  Suppl.  7,  254),  from  dichloraldehyde 
and  PClg  (Paterno,  Pisati)  ; from  ethylene 
chloride  and  AICI3  at  75°  if  Cl  and  C2H2  be  led 
into  the  mixture  (Mouneyrat) ; by  long  heating 
yields  HCl  and  CgClg. 

If  S2CI2  and  1 p.e.  of  its  weight  of  reduced 
iron  be  saturated  with  Cl,  and  if  the  excess  Cl 
be  removed  with  CO 2,  and  then  dry  acetylene 
be  passed  in  at  a temperature  of  40°,  and  the 
cycle  repeated  until  no  more  C2H2  is  absorbed, 
syw-tetrachloroethane,  pentachloroethane,  and 
hexachloroethane  are  produced,  the  two  latter 
in  small  quantity  (Michel,  Zeitsch.  angew.  Chem. 
1906,  19,  1095).  The  sym-tetrachlorethane  is 
distilled  off  from  the  mixture,  either  alone  or 
in  steam  (D.  R.  P.  174068  ; Chem.  Soc.  Abstr. 
1906,  i.  169). 

Pentachlorethane  CHCI2  CCI3;  b.p.  159-1° 
(corr.)  ; 161*7°  at  760  mm.  (Stadel)  ; m.p.  —18°  ; 
sp.gr.  1-7089  at  0°,  1*6926  at  10-15°/4°  (Thorpe, 
Chem.  Soc.  Trans.  37,  192);  ;U^=  1*4871  at 
25*1°;  Rx=  59-05  (Kanonnikow).  By  action 
of  chlorine  upon  CgHgCl  also  from  chloral 
and  PCI3  (Paterno,  Annalen,  151,  117),  or  AICI3 
(Mouneyrat,  Bull.  Soc.  chim.  1898,  19,  260). 

Hexachlorethane  CC13-CC13  {v.  Carbon 

trichloride,  art.  Caubon). 

(For  mixed  halogen  derivatives  of  ethane,  see 
Mouneyrat,  Bull.  Soc.  chim.  1898,  19,  499 ; 
Swartz,  Rec.  trav.  chim.  17,  234  and  235  ; Bull. 
Acad.  Roy  Belg.  36,  519  ; ibid.  1909,  60  and  728  ; 
ibid.  1899,  ii.  281  ; Elbs  and  Newmann,  J.  pr. 
Chem.  1898,  58,  245  ; Biltz,  Ber.  1902,  35,  3524  ; 
Lemoult,  Compt.  rend.  1903,  136,  1333  ; Besson, 
Bull.  Soc.  chim.  [3]  11,  920  ; Nef,  Annalen,  298, 
353,  354,  358,  and  360  ; Thiele  and  Peter,  ibid. 
369,  149  ; Lawrie,  Amer.  Chem.  J.  1906,  36,  487.) 

Ethyl  isocyanate,  EtMjl  carbirnide, 
C2HgN  : C : 0 ; b.p.  60°  ; sp.gr.  0-8981  ; heat) 
of  formation  (Lemoult,  Compt.  rend.  1898,  126, 
43)  ; absorption  spectrum  (Hartley,  Dobbie 
and  Walker,  Chem.  Soc.  Trans.  1901,  856). 
By  the  action  of  dry  KCNO  upon  KC2HgS04  at 
180°-250°  (Wurtz,  Ann.  Chim.  Phys.  1854  [3] 
42,  43)  ; distillate  is  a mixture  of  isocyanate  and 
isocyanurate,  which  can  easily  be  separated  by 
distillation.  By  passing  CNBr  into  - absolute 
alcohol  and  ether  (Ponomarew,  Ber.  1882,  15, 
515  ; Mulder,  Rec.  trav.  chim.  1,  210  ; 2,  133)  ; 
by  passing  CNBr  (Mulder,  ibid.  3,  306)  or  CNCl 
(Cloez,  Compt.  rend.  44,  428  ; Annalen,  102, 
355)  into  CgHgONa  in  absolute  alcohol ; by  the 
action  of  diazomethane  on  sym-ethylnitrourea 
(Degner  and  Pechmann,  Ber.  1897,  30,  653)  ; 
by  heating  the  mercuric  chloride  derivative  of 
ethyl  thiolcarbamate  (Anschutz,  Annalen,  1908, 
359,  202). 

In  1895  Nef  {ibid,  287,  310)  showed  that  the 
compound  hitherto  known  as  ethyl  cyanate  was 
’ ethyl  isocyanate.  Ethyl  isocyanate  is  a mobile 
j liquid  having  a suffocating  smell.  It  is  decom- 
posed by  water  into  diethylcarbamide,  and  by 
ammonia  into  ethylcarbamide. 
i Ethyl  cyanide,  Propionitrile  CaHg-C : N, 
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m.p.  —103 '5°  (Schneider,  Zeitsch.  pliysikal. 
Chem,  22,  233)  ; b.p.  98T°  (corr.)  (Engler, 
Annalen,  133,  153)  ; 97 ‘08°  (corr.)  (Thorpe, 

Chem.  Soc.  Trans.  37,  205)  ; sp.gr.  0'8010  at  0°, 
0-7938  at  7-3674°  (Thorpe),  0-7015  at  9774° 
(Schiff,  Ber.  19,  567) ; H.  C.  446-7  Cals.  (Berthe- 
lot  and  Petit,  Compt.  rend.  108,  1217)  ; latent 
heat  of  vapourisation  (Louguinine,  Chem.  Zentr. 
1900,  i.  451);  molecular  refraction  25-10 
(Briihl,  Zeitsch.  physikal.  Chem.  16,  214; 
Eykman,  Bee.  trav.  chim.  12,  172  ; Costa,  J. 
1891,  336) ; magnetic  rotation  (Perkin,  Chem. 
Soc.  Trans.  55,  701);  crit.  temp.  291-2°;  crit. 
density  0-2401  (Ter-Gazarian,  J.  Chim.  Phys. 
1906,  4,  140). 

From  Ba(C2H5S04)3  and  KCN  (Pelouze, 
Annalen,  10,  249),  from  cyanogen  chloride  and 
Zn(C2H5)2  (Gal,  Zeitsch.  Chem.  1868,  252), 
from  Zn(C2H5)2  and  (CN)2  (Frankland  and 
Graham,  Chem.  Soc.  Trans.  37,  740),  from 
propionamide  and  P2O5  (Dumas,  Malaguti  and 
Leblanc,  Annalen,  74,  329).  By  heating  ethyl 
7socyanide  to  240°  (Nef,  ibid.  280,  296). 

Preparation. — By  heating  C2H5I  with  pure 
KCN  and  alcohol  to  180° ; C2H5CI  dissolved  in 
three  times  its  weight  of  alcohol  is  heated  with 
KCN  to  100°  or  150°  (Rossi,  Annalen,  159,  79). 
C2H5I  is  heated  with  KCN  in  closed  tubes  to 
180°,  and  the  product  distilled,  and  the  distillate 
is  freed  from  excess  of  C2H5I  by  means  of  a 
solution  of  CaCl2,  upon  which  the  C2H5CN 
swims,  while  the  heaviei  C2H5I  sinks  to  the 
bottom  (Williamson,  Phil.  Mag.  [4]  2,  205 ; 
Gauthier,  Ann.  Chim.  Phys.  [4]  17,  180). 

It  is  a mobile  colourless  liquid  with  an  agree- 
able odour,  soluble  in  water,  from  which  CaClg 
or  NaCl  causes  it  to  separate  ; miscibility  with 
water  (Rothmund,  Zeitsch.  physikal.  Chem.  26, 
453);  V.D.  1-928.  It  combines  with  the 
hydvacids,  e.g.  HCl ; the  product  C3H5NHCI 
forms  monociinic  prisms  soluble  in  water  and 
melting  at  121°  (Gauthier).  HCl  gas  passed 
into  a well-cooled  solution  of  the  cyanide  in  acetic 
acid  gives  acetyl  chloride  and  C2H5C0NH2,HC1 
(Colson,  Bull.  Soc.  chim.  [3]  17,  57).  Chlorine 
combines  with  C3H5N  to  form  dichlorpropioni- 
trile  CH3-CCl2'CN,  a liquid  body,  b.p.  103°-107°, 
which  polymerises  on  standing  to  a solid 
(C3H3Cl2N)3.  Propionitrile  also  forms  com- 
pounds with  metallic  chlorides  and  with  cyanogen 
chloride.  C3H5N-CNCI  is  a liquid  decomposed 
by  water ; b.p.  60°-68°  (Hencke,  Annalen, 
106,  280).  Compounds  with  AICI3  {v.  Perrier, 
Compt.  rend.  1895,  120,  1423).  Propionitrile  is 
hydrolysed  by  acids  or  alkalis  yielding  propionic 
acid ; electrolytic  reduction  yields  n-propyl- 
amine  (Ahrens,  Zeitsch.  Elektrochem.  1896,  3, 
99).  By  the  action  of  metallic  sodium,  poly- 
merisation ensues,  the  products  being  sodium 
cyanide,  ethane,  and  a-iminopropionylethyl 
cyanide  (Meyer,  J.  pr.  Chem.  [2]  38,  326 ; 
45,  63). 

Ethyl  wocyanide,  Ethyl  carhylamine 
C2H5N  : C ; b.p.  79°  ; sp.gr.  0-759  at  4°,  0-7150 
at  44-5°  (Gauthier,  Ann.  Chim.  Phys.  [4]  17, 
233)  ; molecular  refraction  16*26  (Costa,  Gazz. 
chim.  ital.  22,  i.  104).  By  the  interaction  of 
C2H5I  and  AgCN  (Gauthier,  Annalen,  151,  239)  ; 
by  distilling  KCN  with  KC2H5SO4,  propio- 
nitrile also  being  formed ; by  digesting  ethyl- 
amine  with  chloroform  and  alcoholic  potash 
(Hofmann,  ibid.  147,  107h 


It  is  a colourless  liquid  having  a very  repul- 
sive smell.  It  is  transformed  into  propionitrile 
by  heating  at  240°  ; by  heating  with  alcoholic 
HgS  ethylthioformamide  is  produced ; with 
sulphur  and  CS2  ethylthiocarbimide  ; combines 
with  CNCl;  with  C2H5CI  at  -10°  yields 
C2H5N(C1)0-C2H5  (Nef,  ibid.  280,  296).  HgO 
oxidises  it  to  C2H5N  : C ; 0.  Yields  a chloride 
C2H5N  : CCI2,  by  treatment  with  SO2CI  in  ether 
at  —15°;  an  oil,  b.p.  102°  (Nef,  l.c.).  Yields 
a bromide,  CgHgN  : CBrg,  with  bromine  in 
CHCI3.  This  gives  ethylamine  dibromide  with 
water,  ethyl  isocyanide  dibromide  hydrobromide 
and  ethylthiocarbimide  with  HgS,  ethyl  iso- 
cyanide  dibromide  hydrochloride  with  dry  HCl, 
an  oily  ethiodide  with  ethyl  iodide,  and  diphenyl- 
ethylguanidine  with  aniline  (Gudhmand,  Bull. 
Soc.  chim.  1904,  iii.  31,  605  ; 1905,  iii.  33,  652). 
Compounds  with  cobaltous,  ferrous,  and  ferric 
chlorides  (v.  Hofmann  and  Bugge,  Ber.  1907, 
40,  3759).  (For  further  reactions,  v.  Nef,  l.c.) 

Ethyl  derivatives  of  cyanuric  acid.  Although 
cyanuric  acid  exists  in  only  one  modification, 
probably  the  45o-(II.)  esters  derived  from  the 
tautomeric  forms  (I.  and  II.)  are  known. 
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N N 
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Ethyl  cyanurate  (C2H50CN)3 ; m.p.  29°, 
b.p.  275°  (Claesson,  J.  pr.  Chem.  [2]  33,  131). 
By  action,  of  CNCl  on  C2H50Na  (Hofmann. 
Ber.  19,  2061) ; also  from  C2H50Na  (3  mols.) 
and  trimethyl  cyanurate  (H)  ; from  CNI  or 
CNBr  and  CgHgl  (Ponomarew,  Bull.  Soc.  chim. 
[ii.]  41,  315)  ; by  heating  the  lead  salt  of  the 
diethyl  ester  (P.)  ; together  with  ethyl  iao- 
cyanurate  by  treating  silver  cyanurate  with 
C9H5I  (C.,  P.) ; from  di-potassium  cyanurate 
and  C2H5I  (P.). 

Oily  liquid  readily  soluble  in  alcohol,  ether, 
CHCI3  and  eSg,  sparingly  so  in  water.  Con- 
verted into  ethyl  isocyanurate  by  long  heating 
at  180°-200°  ; yields  cyanuric  acid  with  HCl, 
cyanuric  chloride  with  PCI  5,  melamine  with 
strong  ammonia  and  the  diethyl  ester  with 
baryta  water. 

Diethyl  cyanurate,  Diethylcyanuric  acid 
H0(CN)3(C2H5)2  (Ponomarew,  Ber.  18,  3267  ; 
Hofmann,  ibid.  19,  2077).  By  warming  ethyl 
cyanurate  with  concentrated  baryta  water ; by 
treating  methyl  cyanurate  or  mono-potassium 
cyanurate  with  C2H5I. 

Thick  plates  from  water,  insoluble  in  ether, 
sparingly  soluble  in  alcohol.  Decomposes  on 
heating  into  diethyl  isocyanurate ; yields 
cyanuric  acid  on  warming  with  HCl.  Pb  salt 
and  C2H5I  yield  triethyl  cyanurate,  but  if 
CgHgl  contains  free  I,  triethyl  ^50cyanurate  also 
formed. 

Ethyl  isocyanurate,  Triethylcarbimide 
(C2H5NC0)3  ; m.p.  95°  ; b.p.  276°  ; absorption 
spectrum  (Hartley,  Dobbie  and  Walker,  Chem. 
Soc.  Trans.  1901,  849) ; heat  of  formation 
(Lemoult,  Compt.  rend.  125,  869).  By  poly- 
merisation of  C2H5NCO  (H.  D.  and  W.)  ; also 
from  potassium  cyanate  or  cyanurate,  or  from 
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Pb  salt  of  the  diethyl  ester  and  KCgHgSO  ; 
by  heating  ethyl  oyanurate  at  180°-200° ; 
together  with  ethyl  cyanurate  from  silver 
cyanurate  and  CgH^I  (Habich  and  Limpricht, 
Annalen,  109,  102). 

Rhombic  prisms  (Rammelsberg,  J.  1857, 
273  ; Fock,  Ber.  19,  2076)  moderately  soluble 
in  hot  water,  readily  so  in  alcohol.  KOH 
yields  N(C2H5)H2  and  K2CO3. 

Diethyl  isocyanurate,  Diethylcyanuric  acid 
H(NC0)3(C2H5)2,  m.p.  173°.  Obtained  in  pre- 
paring the  triethyl  ester  (Habich  and  Lim- 
pricht, l.c.)  ; together  with  cyanuric  acid  by 
heating  anhydrous  mono-potassium  cyanurate 
with  C2H5I  at  170°- 180°  (Ponomarew,  Ber.  18, 
3270) ; by  heating  diethyl  cyanurate  (Hofmann, 
ibid.  19,  2078). 

Hexagonal  columns,  readily  soluble  in  hot 
water,  alcohol,  and  ether,  sparingly  so  in  cold 
water.  Yields  CO2  and  N(C2H5)H2  by  heating 
in  a sealed  tube  at  100°.  Pb  salt  and  C2H5I 
yield  ethyl  ^socyanurate. 

Ethyl  diketobutyrate  v.  Ketones. 

Ethyl  ferroeyanide  (C2H5)4re(CN)6.  From 
Ag4Fe(CN)g  and  C2H5I  (Freund,  Ber.  21,  935). 
Rhombic  crystals  from  CHCI3,  easily  soluble  in 
water  and  alcohol,  insoluble  in  ether,  ligroin, 
and  CSg.  Decomposed  at  212°-214°,  with  forma- 
tion of  ethyl  ?5ocyanide.  The  aqueous  solution 
gives  a deep  violet  tint  with  FeCl3,  and  a white 
precipitate  with  HgClg.  Molecular  weight  by 
cryoscopic  method  indicates  the  monomolecular 
formula  (Buchbock,  Zeitsch.  physikal.  Chem. 
23,  157). 

Ethyl  fluoride  C2H5F.  Obtained  impure  by 
action  of  CaFg  and  H2SO4  upon  CgH  5OH  (Reinsch, 
J.  pr.  Chem.  1840,  19,  314)  ; by  heating  kC2H5S4 
and  KF’HF  (Fremy,  Compt.  rend.  1854,  38, 
393).  Prepared  pure  from  AgF  and  C2H5I 
(Moissan,  Ann.  Chim.  Phys.  1890,  [6]  19,  272). 
Colourless  gas  with  ethereal  odour,  liquefying 
at  —32°  under  atmospheric  pressure.  Burns  in 
air  with  a blue  flame.  Readily  soluble  in 
C2H5Br,  C2H5I,  C2H5OH,  and  ether.  Decom- 
posed at  100°  by  heating  with  KOH  in  a sealed 
tube  into  KF,  C2H5OH,  and  ether. 

Ethyl  formamide  H-CONHC2Hg ; b.p.  199° ; 
sp.gr.  0‘952  at  21°.  By  distilling  an  aqueous 
solution  of  H‘C00IS[H3(C2H5)  ; separates  from 
distillate  upon  addition  of  KOH  (Linnemann). 
By  action  of  NH2(C2H5)  upon  CCl3’CHO 
(Hofmann,  Ber.  5,  247) ; a thick  colourless 
liquid. 

Ethyl  formate  H-C02C2H5;  b.p.  54-4°  at 
760  mm.,  sp.gr.  0’9376  at  0°/4°  ; b.p.  53 ‘4°- 
53.6°  at  754-4  mm.,  sp.gr.  0-8731  at  53-4°/4° 
(R.  Schiff,  Annalen,  220,  106)  ; b.p.  at  760  mm. 
54-3°,  sp.gr.  0-9480  at  0°/4°  ; critical  tempera- 
ture, 235-3° ; critical  pressure,  35,550  mm. 
(Young  and  Thomas,  Chem.  Soc.  Trans.  1893, 
1193).  Capillarity  constant  at  boiling-point, 

= 4-528  (Schiff,  Annalen,  223,  75)  ; H.C.  p. 
388  cals.  (Berthelot,  Ogier),  391*7  (Delepine). 

By  distilling  a mixture  of  6 parts  alcohol  (90 
p.c.),  7 parts  sodium  formate  and  10  parts  (cone.) 
H2SO4  (Liebig)  ; by  distilling  a mixture  of  ethyl 
oxalate  with  oxalic  acid  (Lowig,  J.  1861,  599)  ; 
by  heating  a mixture  of  glycerol,  oxalic  acid, 
and  alcohol  in  a reflux  condenser,  and  then  dis- 
tilling (Lorin,  Bull.  Soc.  chim.  [ii.]  5,  12).  On  the 
large  scale  a mixture  of  9 parts  of  starch  and 
29  parts  of  Mn02  (of  85  p.c.)  is  heated  with  28 


j parts  of  H2SO4,  5 parts  H2O,  and  15  parts  of 
j alcohol  (85  p.c.)  (Stinde,  Dingl.  poly.  J.  181, 

A mobile  colourless  liquid  with  a pleasant 
aromatic  smell ; is  used  for  flavouring  arrack 
and  rum  ; is  decomposed  by  water,  for  which  it 
has  strong  affinity.  Sodium  in  absolute  ether 
decomposes  it  into  CO,H  and  C2H50Na  (Freer 
and  Sherman,  Amer.  Chem.  J.  18,  581).  Cl 
forms  with  it  in  sunlight  dichlorethyl  formate 
H*C02C2H3Cl2,  a colourless  oily  liquid,  decom- 
posed on  heating,  and  which  by  action  of 
alkalis  is  decomposed  into  acetic,  formic,  and 
hydrochloric  acids.  By  further  action  of  Cl  in 
sunlight,  per chlor ethyl  formate  CI-CO2C2CI5,  b.p. 
200°,  sp.gr.  1*705  at  18°,  is  formed  (Cloez,  Ann. 
Chim.  Phys.  [3]  17,  297) 

Ethyl  hydrate  v.  Alcohol. 

Ethyl  hydride,  Ethane,  Dimethyl  CgHg 
(Frankland  and  Kolbe,  Chem.  Soc.  Trans.  1,  60) ; 
m.p.  —171*4°  ; b.p.  at  749  mm.  — 85*4°  (Laden- 
burg  and  Kriigel,  Ber.  32,  1821),  —172*4°  and 
— 84*1°  (Cardoso  and  Bell,  J.  Chim.  Phys.  1912, 
10,  497),  — 88*5°  (Maass  and  McIntosh,  J.  Amer. 
Chem.  Soc.  1914,  36,  737),  —89*3°  (Burrell  and 
Robertson).  Gas  ; sp.gr.  1 *036,  condensed  at 
4°  and  46  atmospheres  pressure  (Cailletet,  J. 
1877,  68)  ; critical  constants  {v.  Hainlen, 
Annalen,  282,  245  ; Olszewski,  Ber.  1894,  27, 
3306 ; and  Keunen,  Chem.  Zentr.  1897,  ii. 
540  ; Cardoso  and  Bell,  l.c.)  ; heat  of  vaporisa- 
tion 14*6-1-10^®  ergs  per  mol.  ; density  at  the 
b.p.  0*5490  (Maass  and  McIntosh,  l.c.) ; sol.  in 
water  at  i° 

9*4556-0*35324^+0*006278^2 

100 

8*710-0*33242^+0*00603^2 

100 

(1)  Schickendants  (Annalen,  109,  116),  (2) 

Bunsen  (Gasometrv).  Sol.  in  alcohol=l*5 
(Berthelot,  J.  1867,*' 344)  ; H.C.  p.  373*3  Cals. 
(Th.)=372*3  (Berthelot,  Ann.  Chim.  Phys.  [6] 
30,  559);  H.F.  (from  amorphous  C)  = ll*7 
Cals.  (B.) ; occurs  in  crude  petroleum. 

Pittsburg  gas  consists  of  ethane  mixed  with 
a little  CH4  and  CO 2,  and  is  used  for  smelting 
and  lighting  purposes. 

By  action  of  K upon  C2H5CN,  also  by  action 
of  water  upon  Zn(C2H-)2  (Frankland  and  Kolbe, 
Chem.  Soc.  Trans.  3,  338)  ; by  action  of  Zn  upon 
CgHgl  in  presence  of  water ; by  electrolysis  of 
acetic  acid  or  acetates  (Kolbe,  Annalen,  69,  279) ; 
by  beating  9 parts  of  CgHgl  with  2*6  parts  of 
AICI3  to  140°  or  150°  (Kohnlein,  Ber.  16  562)  ; 
by  action  of  Hg(C2H5)2  upon  H2SO4  (Schorlem- 
mer,  Annalen,  132,  234) ; by  heating  an  excess 
of  BaOg  with  acetic  anhydride  and  sand  (Schiit- 
zenberger,  Zeitsch.  Chem.  1865,  703  ; Darling, 
Annalen,  150,  216)  ; by  the  action  of  nascent 
H (from  ZnCu  couple  or  Zn  dust)  upon  a mixture 
of  CgHgl  and  CgHgOH  (Sabanejeff,  Ber.  9,  810). 
By  combining  C2H4  or  C2H2  with  H in  presence 
of  reduced  Ni  (Sabatier  and  Senderens,  Compt. 
rend.  124,  1360;  128,  1173).  Ethane  is  now 
produced  on  an  industrial  scale  by  means  of 
this  reaction  carried  out  under  pressure.  For 
details  of  the  process,  see  Sprent  (J.  Soc.  Chem. 
Ind.  1913,  171).  From  EtI  and  potassium 
hydride  in  sealed  tubes  at  180°-200°  (Moissan, 
ibid.  134,  389).  Reduced  Ni  at  325°  breaks 
ethane  up  into  C and  CH4  (Berthelot). 
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• Ethyl  iodide  C2H5I  (Gay-Lussac,  Ann.  Chim. 
Phys.  [1]  91,  89  ; Serullas,  ihid.  [2]  25,  323  and 
42,  119  ; Frankland,  Chem.  Soc,  Trans.  2,  263  ; 
3,  32);  m.p.  —118°  (Schneider);  b.p,  72‘34° 
(Linnemann,  Annalen,  160,  204),  b.p.  71 '3° 
(Andrews),  72 ’57°  (corr.)  (Thorpe  and  Rodger), 
71‘9°-72°  (Linebarger)  ; sp.gr.  1’9444  at  14‘5° 
(L.),  1*9755  at  0°  (Pierre),  1*9309  at  15°  (Mende- 
leeff),  sp.gr.  1*1810  at  72*2°/4°  (Schiff), 
sp.gr.  1*9653  at  4°,  1*9433  at  15°,  1*9243  at  25° 
(Perkin)  ; Y.D.  5*417  (Marchand). 

From  alcohol  and  HI  (Gay-Lussac) ; from 
alcohol,  iodine,  and  phosphorus  (Serullas).  Per- 
sonne  (Compt.  rend.  42,  468)  suggested  the  use 
of  red  P,  and,  according  to  Beilstein  (Annalen, 
126,  250),  1 part  red  P and  5 parts  of  alcohol 
(90  p.c.)  are  placed  in  a retort,  and  10  parts  of 
iodine  slowly  added.  After  24  hours  the  CgHgl 
is  distilled  off,  washed  with  NaOH  solution  and 
with  water,  and  dried  over  CaClg.  Crismer 
(Ber.  1884,  649)  dissolves  I in  liquid  paraffin 
adds  yellow  P and  then  alcohol.  Walker 
(Chem.  Soc.  Trans.  1892,  717  ; cf.  ihid.  1905, 
1596)  obtained  a 93  p.c.  yield  from  alcohol, 
iodine,  and  equal  parts  of  red  and  yellow  'phos- 
phorus {cf.  Adams  and  Voorhees,  J.  Amer.  Chem. 
Soc.  1919,  41,  789).  Prepared  in  quantitative 
yield  by  adding  Et2S04  slowly  to  a warm  con- 
centrated aqueous  solution  of  KI  (Weinland 
and  Schmid,  D.  R.  P.  175209).  Also  from  action 
of  HI  upon  ether  (Cottrel  Rogers),  and  together 
with  iodoform  and  Nal  by  electrolysis  of  a solu- 
tion of  20  grams  CgHgCOONa,  and"  20  grams  KI 
in  20  c.c.  of  water  (Miller,  Hofer,  and  Rein  del). 

C2H5I  is  a colourless,  pleasantly  smelling 
liquid,  almost  insoluble  in  water,  but  miscible 
with  alcohol  and  ether.  It  precipitates  silver 
from  its  solutions  in  the  cold,  easily  forms  double 
compounds  with  silver  salts,  metals,  and  am- 
monia. Br  displaces  the  I,  and  forms  CgHgBr ; 
Cl  forms  C2H5CI  (Dumas,  Stas,  Annalen,  35, 
162).  ICl  forms  C2H5CI  and  J^.  HCl  has  no 
action,  but,  on  the  contrary,  CgHoCl  is  decom- 
posed by  HI  into  C2H5I  and  HCl  (Lieben, 
Zeitsch.  Chem.  1868,  712).  By  action  of  HI 
at  150°,  ethane  and  iodine  are  formed.  HNO3 
also  causes  the  separation  of  I (Marchand,  J.  pr. 
Chem.  1884,  33,  186).  Metallic  Ag  abstracts  I, 
and  leaves  butane  (C4H40).  By  heating  with 
water  to  150°,  we  get  alcohol  (Re3moso,  J.  1856, 
567)  ; with  excess  of  alcohol  yields  ether  and 
some  C2H4  (Lieben,  Rossi,  Annalen,  158,  166). 
Is  gradually  turned  brown  by  exposure  to  light, 
owing  to  formation  of  free  I and  liberation  of 
butane  (Frankland,  Chem.  Soc.  Trans.  3,  322). 
In  presence  of  mercury  the  reaction  is  much 
more  rapid,  owing  to  combination  of  the  liberated 
I with  Hg.  Is  used  largely  for  the  preparation 
of  other  ethyl  compounds. 

Ethyl  nitrate  C2H5*Q*N02,  Nitric  ether  ; m.p. 
— 112°  (Schneider);  b.p.  86*3°  at  728*4  mm.; 
sp.gr.  1*1322  at  0°,  1*1123  at  15*5°  (Kopp, 
Annalen,  98,  367);  b.p.  87*6°;  sp.gr.  1*1305 
at  4°,  1*1159  at  15°,  1*1044  at  25°  (Perkin); 
H.F.p.  = 40,870  ; H.F.v.  = 38,750  ; H.C.  = 
325,  690  (Th.  4,  214).  Obtained  from  alcohol 
by  the  action  of  nitric  acid  in  presence  of  some 
substance  which  will  destroy  nitrous  acid,  e.g. 
urea  (Millon,  Ann.  Chim.  Phys.  [3]  8,  233). 

Preparation. — 400  grams  of  pure  nitric  acid 
(sp.gr.  1*40,  previously  heated  with  1 p.c.  of 
urea  in  order  to  destroy  lower  oxides  of  nitrogen) 


are  mixed  with  300  grams  absolute  alcohol  and 
100  grams  of  urea  nitrate,  and  distilled ; when 
half  the  liquid  has  distilled  off,  a mixture  of 
400  grams  of  nitric  acid  and  300  grams  of  alcohol 
is  allowed  to  drop  into  the  retort  and  the  distil- 
lation continued  (Lessen,  Annalen,  Sup  pi.  6, 
220). 

Silver  nitrate,  heated  with  ethyl  iodide  (or 
broihide)  and  alcohol,  yields,  not  ethyl  nitrate, 
but  the  nitrite,  together  with  aldehyde  (Bertrand, 
Bull.  Soc.  chim.  33,  [ii.]  566).  If,  however,  Etl 
be  added  gradually  to  powdered  AgNOg,  kept 
cool,  a theoreticad  yield  of  EtNOg  is  formed 
(Von  Biron,  J.  Russ.  Phys.  Chem.  Soc.  30,  667). 

Ethyl  nitrate  is  a colourless  liquid  with 
pleasant  odour  and  taste ; almost  insoluble  in 
water,  but  miscible  with  alcohol  and  ether. 
Ammonia  forms  ethylamine  nitrate ; nascent 
hydrogen  yields  hydroxylamine  and  other  bases 
(Lessen).  Sulphuretted  hydrogen  yields  mer- 
captan (Kopp,  Annalen,  64,  320).  Alcoholic 
potash  decomposes  it  with  separation  of  crystals 
of  potassium  nitrate. 

Ethyl  nitrite  C2H5*0*N0,  Nitrous  ether  ; b.p. 
16*4°  (Liebig),  17°  (Mohr,  J.  1854,  561  ; Brown, 
Pharm.  J.  15,  400),  17*5°  (Dunstan  and  Dy- 
mond,  ihid.  18,  861) ; sp.gr.  0*900  at  15*5° 
(Br.) ; 0*917  at  0°/0°  (D.  and  D.)  ; H.F.p. 
= 30,610 ; H.F.v.  = 28,870  (Th.  4,  217). 

This  body  was  discovered  in  1681  by  Kunckel. 
Obtained  from  alcohol  by  action  of  nitric  acid, 
especially  in  presence  of  some  oxidisable  matter, 
e.g.  copper. 

Preparation. — 500  grams  of  potassium  nitrite 
and  1 litre  alcohol  (45  p.c.)  are  mixed  and 
cooled  by  means  of  ice ; a mixture  of  sulphuric 
acid  (500  grams),  water  (500  grams),  and  alcohol 
(500  grams)  is  then  slowly  dropped  in,  the  heat 
produced  volatilises  the  ether,  which  is  con- 
densed in  an  efficient  condenser  (Feldhaus, 
Annalen,  126,  71).  Dunstan  and  Dymond 
(Z.c.)  recommend  that  34*5  grams  sodium  nitrite 
in  120  grams  water  be  slowly  mixed  with  a 
mixture  of  13*5  grams  of  sulphuric  acid  with  32 
grams  alcohol  and  about  75  c.c.  water  kept  cool 
by  ice.  The  ethyl  nitrite  separates  out  as  a 
layer  floating  on  the  surface.  As  thus  prepared, 
the  liquid  contains  only  traces  of  alcohol,  from 
which  it  is  freed  by  shaking  with  water.  Alkali 
ethyl  sulphates  react  with  alkali  nitrites,  yielding 
nitrous  ester  and  nitroethane  (Ray  and  Neogi, 
Chem.  Soc.  Trans.  1906,  1900).  Also  formed  by 
the  interaction  of  MgS04,  NaNOg,  and  C2H5OH 
(Matuschek,  Chem.  Zeit.  1905,  29,  115). 

Ethyl  nitrite  is  a mobile  liquid  with  a plea- 
sant ethereal  smell  and  taste,'  liable  to  undergo 
decomposition,  especially  in  presence  of  water. 
It  can  be  preserved  if  mixed  with  alcohol  and  a 
small  quantity  of  glycerol.  It  is  decomposed 
by  sulphides  in  accordance  with  the  following 
equation  : 

C2H-N02+3H2S=NH3-fC2H60  + H204-3S 

(Kopp,  Annalen,  64,  321). 

It  is  slightly  soluble  in  water  and  miscible 
with  alcohol.  Mixed  with  alcohol  it  constitutes 
the  ‘ sweet  spirit  of  nitre,’  spiritus  cetheris  nitrosi, 
of  the  British  Pharmacopoeia,  which  is  thus  pre- 
pared : To  1000  millilitres  of  alcohol  (90  p.c.) 
add  gradually  100  millilitres  of  sulphuric  acid, 
and  then  125  millilitres  of  nitric  acid,  stirrine; 
constantly.  Transfer  the  mixture  to  a retort  or 
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flask,  in  which  100  grams  of  copper  in  fragments 
have  been  placed,  and  to  which  is  attached  an 
efficient  condenser  with  a receiver  containing 
1000  millilitres  of  90  p.c.  alcohol.  Surround  the 
receiver  with  ice-cold  water  and  distil  gently  at 
a temperature  which  is  at  first  about  77°,  and 
rises  to  80°,  but  does  not  exceed  82°,  until  the 
volume  of  liquid  in  the  receiver  has  been  in- 
creased to  ] 600  millilitres.  Then  allow  the  con- 
tents of  the  retort  to  cool,  add  25  millilitres  of 
nitric  acid,  and  resume  the  distillation  until  the 
liquid  in  the  receiver  is  increased  to  1700  milli- 
litres. Mix  this  liquid  with  1000  millilitres  of 
the  alcohcl  so  as  to  make  the  whole  contain 
2-66  p.c.  of  ethyl  nitrite. 

Ethyl  oxalylsuccinate  v.  Ketones. 

Ethyl  oxide  (CgHglgO,  Ether,  Ethyl  ether, 
V inic  ether ; formerly  called  Sulphuric  ether, 
Pho-^ihoric  ether,  &c.,  according  to  the  acid 
used  in  its  preparation;  m.p.  — 117'6°  (Archi- 
bald and  McIntosh),  m.p.  —112 ‘6°  (Ladenburg, 
and  Krugel)  ; b.p.  34'97°  (Regnault),  34'6°  at 
762  mm.  (Schiff,  Annalen,  220,  332),  34*9° 
(Kopp);  sp.gr.  0-7360  at  0°,  0-7185  at  17-5° 
(Hager),  0-6950  at  34-6°/4°  (Schiff),  0-7024  at  15°,' 
0-7099  at  25°/25°,  0-7201  at  15°/15°  (Perkin, 
Chem.  Soc.  Trans.  45,  474),  sp.gr,  0-71982 
at  15°/15°  (Wade  and  Finnemore),  sp.gr. 
0-7183  at  17-1°  (Bruhl),  sp.gr.  0-70942  at  25° 
(Linebarger)  ; M.M.  = 4-777  at  20°  ; freezes  at 
— 129°  to  a crystalline  mass,  which  melts  at 
— 117-4°  (Olzewski,  Monatsh.  5,  128)  ; capil- 
larity constant  at  b.p.  = 4-521  (Schiff)  ; 
S.  at  17-5°  = 8 ; critical  temperature,  194°  ; 
critical  pressure,  35-61  atmospheres  (Ramsay 
and  Young).  Vapour  tension  67-49  mm.  at 
—20°;  182-34  mm.  at  0°;  286-4  mm.  at  10°; 
433-2  at  20°  ; 636-3  at  30°. 

The  preparation  of  ether  from  alcohol  and 
sulphuric  acid  was  first  described  by  Valerius 
Cordus  (1540),  and  the  method  of  making  this 
‘ oleum  vitroli  dulce  ’ was  published  in  1552 
by  Conrad  Gessner.  Frobenius,  1730,  named 
it  sulphuric  ether.  Val,  Rose  (Scher,  J.  4,  253) 
showed  that  it  contained  no  sulphur,  but  its 
composition  was  first  made  out  by  Saussure 
and  also  by  Dumas  and  Boullay  (Ann.  Chim. 
Phys.  [2]  36,  294).  Its  constitution  was  first 
studied  by  Liebig  (Annalen,  60,  31  ; 23,  39) 
and  Regnault  (Ann,  Chim.  Phys.  [2]  71,  352). 
Williamson,  in  1850-51  (B.  A.  1850,  65,  and 
Phil.  Mag.  [3]  37,  350),  established  the  views 
now  held  as  to  its  constitution  and  formation. 

Formation. — From  alcohol,  by  action  of 
phosphoric  or  arsenic  acid  (Boullay)  ; by 
action  of  boron  fluoride  (Desfosses,  Ann. 
Chim,  Phys.  [2]  36,  294)  ; of  ZnClg  (Masson, 
Annalen,  31,  63)  ; of  SnCl4,  and  other  metallic 
chlorides  (Kiihlmann,  ibid.  33,  97,  192).  From 
alcohol  by  heating  with  dry  NH4CI  to  260°-400° 
(Berthelot,  Annalen,  83,  110).  From  C2HgNaO 
and  CgHgl  (Williamson).  From  alcohol  and 
HCl,  HBr,  or  HI  at  200°  or  240°,  or  by  heating 
alcohol  with  ZnCl2,  SnCl4,  HgClg,  CaClg,  MgS04, 
or  chrome  alum  to  300°  (Reynoso,  Ann.  Chim. 
Phys.  [3]  48,  385).  Also  from  C2HgBr  or  CgHgl 
and  HgO  (Reynoso),  or  from  CgHgl  and  NagO 
(Green,  Bull.  Soc.  chim.  [ii.]  29,  458). 

The  continuous  method  now  adopted  is  due 
to  Boullay  (J.  Pharm.  Chim.  1,  97),  and  the  true 
explanation  of  the  action  was  first  given  by 
Williamson  {l.c.).  The  alcohol  and  sulphuric  acid 


first  form  C2H5HSO4  and  H2O,  and  then,  by  the 
action  of  C2H5HSO4  upon  more  alcohol,  (62115)20 
and  H2SO4  are  formed.  That  this  is  true 
Williamson  proved  by  using  amyl  sulphuric  acid 
and  ethyl  alcohol,  when  amyl-ethyl  ether  was 
produced  (cf.  Prunier,  J.  Pharm.  Chim.  1897, 
5,  513).  Addition  of  Al2(S04)3  increases  rate  of 
production  of  ether  owing  to  catalytic  action 
(Senderens,  Compt.  rend.  1910,  151,  392). 

Preparation. — Boullay’s  method  is  usually 
employed.  A mixture  of  9 parts  H2SO4  with  5 
parts  of  alcohol  (90  p.c.)  is  placed  in  a retort, 
and  alcohol  is  slowly  dropped  in  and  the  tem- 
perature is  maintained  between  130°  and  140°. 
An  iron  retort  lined  with  lead  is  usually  em- 
ployed, and  the  ordinary  mercurial  thermometer, 
which  is,  of  course,  liable  to  fracture,  is  replaced 
by  a bulbed  tube  containing  some  non-drying  oil. 
The  tube  is  then  either  exhausted  by  the  air- 
pump,  and  hermetically  sealed,  or  its  open  end 
is  closed  bj?-  a plug  of  cotton  wool,  and  two  marks 
are  made  on  the  tube  corresponding  to  positions 
of  the  surface  of  the  oil  at  130°  and  140°  respec- 
tively. In  order  to  avoid  risk  of  explosion  by 
contact  of  the  vapour  with  direct  flame,  coils  of 
lead  tubing,  conveying  superheated  steam  or  the 
vapour  of  some  liquid  of  high  boiling-point  {e.g. 
coal-tar  phenol),  are  used  as  a source  of  heat. 
The  distillate  is  treated  with  milk  of  lime  or  so- 
lution of  soda  in  order  to  remove  the  SO2  which 
is  always  simultaneously  formed.  It  is  then 
rectified  in  an  apparatus  devised  by  Mohr, 
which  consists  of  a still  from  which  the  vapour 
is  led  through  a vessel  kept  at  38°  by  warm 
water.  Here  the  alcohol  and  water  vapours  are 
condensed,  and  the  ether  passes  over,  and  is 
condensed  in  an  efficient  condenser. 

By  means  of  an  apparatus  devised  by  Sou- 
beiran,  ether  can  be  prepared  in  a fairly  pure 
state  by  one  operation.  A mixture  of  about 
30  lbs.  of  H2SO4  with  20  lbs.  of  alcohol  of  85  p.c. 
is  heated  rapidly  to  130°  in  a copper  still,  to  the 
bottom  of  which  two  tubes  convey  alcohol  from 
a tinned  copper  reservoir.  The  neck  of  the  re- 
tort (which  is  of  lead)  is  connected  with  the  first 
condenser,  which  is  a copper  vessel  kept  warm 
by  allowing  the  waste  water  from  the  worm  tub 
(where  the  ether  is  condensed)  to  flow  over  the 
outside  of  it.  Here  the  steam  and  vapour  of 
alcohol  are  condensed,  and  the  liquid  formed  can 
be  drawn  off  from  below  by  means  of  a stopcock. 
The  ether  vapour  then  passes  on  to  the  purifier, 
which  consists  of  a vessel  filled  with  wood  char- 
coal saturated  with. a solution  J^ficaustic  soda, 
which  not  only  removes  the-St)2,  but  also  absorbs 
the  oil  of  wine.  The  pure  ether  passes  on,  and 
is  condensed  in  a well-cooled  worm.  The 
greatest  yield  of  ether  is  obtained  at  140°-145°  ; 
below  this  temperature  the  yield  is  less,  and 
above  this  much  SOo  is  evolved  (Prescott 
and  Norton,  Amer.  Chem,  J,  6,  243).  Other 
apparatus  have  been  described  by  Annara- 
tone  (Fr.  Pat.  408089 ; J,  Soc.  Chem.  Ind. 
1910,  592),  Fritzsche  (Zeitsch..  anal,  Chem. 
1897,  36,  298),  Barbet  et  fils  et  Cie  (Fr,  Pat. 
479435,  1914).  Sulphuric  acid  has  been  largely 
rej)la3ed  by  benzenesulphonic  acid  in  this  pre- 
paration (Krafft,  Ber.  26,  2831  ; D.  R.  P, 
69115  ; Frdl.  iii.  11). 

Commercial  ether  contains  water,  alcohol, 
aldehyde,  methyl  compounds,  ketones,  and  vinyl 
alcohol.  A.  J.  Jones  (Pharm,  J.  1919,  103,  71) 
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found  that  in  commercial  samples,  methyl  com- 
pounds range  from  0‘02  to  0‘06  p.c.,  sp.gr. 
0’7182-0‘7211,  and  ketones  (as  acetone)  from 
0'09  to  5*0  pts.  per  10,000.  Vinyl  alcohol  may 
be  removed  by  shaking  with  water  or  treat- 
ment with  bromine,  phenylhydrazine,  or 
potassium  hydroxide  (Poleck  and  Thiimmel, 
Ber.  22,  2863),  and  the  other  impurities  by 
treatment  with  dry  Fe(OH)o,  prepared  from 
crystallised  FeSO^,  and  an  equimolecular  weight 
of  powdered  lime  (Gaborini,  Bull.  Assoc,  Chim. 
Suer.  Hist.  1909,  26,  1165)  ; by  treatment  with 
potassium  hydroxide  and  powdered  potassium 
permanganate,  and  finally  drying  with  calcium 
chloride  (Fierz  ; Welde  and  Finnemore,  Chem. 
Soc.  Trans.  1909,  1842 ; Frangois,  Chem. 

Zentr.  1897,  ii.  144 ; Fritsch,  Chem,  Zeit.  1909, 
33,  759).  Phosphorus  pentoxide  may  be 

substituted  for  calcium  chloride  (Lieben,  Anna- 
len,  Suppl.  7,  218).  (For  other  methods,  v. 
Guigues,  J.  Pharm,  Chim,  1906,  24,  204 ; and 
Ekenberg,  Zeitsch.  anal.  Chem.  36,  245.) 

According  to  the  B.P,,  1914,  ordinary  ether 
should  have  a sp.gr.  of  0'726,  15°/15°,  and  boil 
between  34°  and  36°.  Purified  ether  (Aether 
purificatus  of  the  B.P.)  should  give  no  yellow 
colouration  with  solid  potassium  hydroxide  in 
the  dark,  or  with  a solution  of  freshly  prepared 
solution  of  potassium  iodide.  To  test  for 
presence  of  methyl  compounds  shake  2 vols.  of 
the  ether  with  1 vol.  of  20  p.c.  alcohol  and  1 vol. 
of  water,  allow  the  mixture  to  separate,  and 
draw  off  the  lower  layer.  Mix  5 millilitres  of 
this  lower  layer  with  2 '5  millimetres  of  an 
aqueous  solution  (1  in  50)  of  potassium  per- 
manganate and  0’2  millilitre  of  sulphuric  acid. 
At  the  end  of  3 minutes  add  0’5  millilitre  of  an 
aqueous  solution  (9‘6  in  100)  of  oxalic  acid, 
followed  by  1 millilitre  of  sulphuric  acid,  and 
then  by  5 millilitres  of  decolourised  solution  of 
fuchsin,  and  mix  thoroughly.  No  violet  colour 
should  be  produced  within  20  minutes, 

Wade  and  Finnemore  {lx.)  find  that  ether 
and  water  form  a binary  mixture,  b.p.  34*15°, 
containing  1*3  p.c.  water,  and  that  slight  traces 
of  alcohol  greatly  increase  the  solubility  of 
water  in  ether,  1 gram  ether  dissolves  0*023 
gram  water  at  15°-20°  and  0*019  at  10°  (c/. 
Schunke,  Zeitsch.  physikal.  Chem.  14,  331  ; 
Napier,  Bull.  Soc.  chim.  29  fii.]  129)  ; 1 gram 
water  absorbs  at  0°,  0*12465  ; at  10°,  0*09599  ; 
at  20°,  0*07487;  at  30°,  0*06370  gram  ether 
(Schunke,  l.c.  ; Tolloczko,  Ber,  28,  808  ; Klob- 
bie,  Zeitsch.  physikal.  Chem.  24,  615  ; Osaka,  J. 
Soc.  Chem.  Ind.  1909,  625),  If  ether  be  shaken 
with  an  equal  volume  of  CSg,  a turbidity  is 
produced  if  water  be  present.  A better  test  is 
with  anhydrous  copper  sulphate  or  amalgamated 
aluminium. 

Decompositions. — Pt  black,  CrOg  or  HNOg 
oxidise  ether  to  acetic  acid ; ozone  produces 
ethyl  peroxide.  Ether  vapour  and  air  at  100°, 
in  the  presence  of  a copper  catalyser  and  plati- 
num-black, yield  acetaldehyde  and  formalde- 
hyde (Orlow,  J.  Buss.  Phys.  Chem.  Soc.  1908,  40, 
799 ; cf.  Legler,  Annalen,  217,  392).  When 
ozonised  oxygen  is  passed  into  ether,  a solution  is 
obtained  confining  C2H2O4,  C2H4O2,  and  H2O2, 
also  a small  quantity  of  CH2O2  (A.  W.  Wright). 
Ether  combines  with  H2SO4  to  form  C2H5HSO4  ; 
by  action  of  SO3  we  first  get  (C2H5)2S04,  but  by 
excess  of  SO3,  C2H5HS2O7  and  a small  quantity 


of  a body  of  the  composition  CH2(S03C2H5)2 
are  formed.  When  ether  is  heated  with  water 
and  a small  quantity  of  H2SO4  to  150°-180°, 
alcohol  is  formed  (Erlenmeyer,  Zeitsch.  Chem. 
1868,  343),  According  to  Lieben  (Annalen,  165, 
136),  the  reaction  goes  on,  though  very  slowly, 
without  H2SO4,  and  at  the  ordinary  temperature. 
Ether  combines  easily  with  HI  and  yields  C2H5I 
(Silva,  Ber.  8,  903),  and  is  decomposed  by  heat- 
ing with  zinc-dust  into  C2H4  and  water  (Jahn, 
Monatsh.  1,  675)  ; bromine  and  aqueous  ether 
yield  bromacetaldehyde  (Maugin,  Compt,  rend. 
1908,  147,  747). 

Instances  of  the  spontaneous  explosion  of 
ether  on  heating  are  not  unknown,  due  probably 
to  the  presence  of  ethyl  peroxide  produced  by 
autoxidation.  Ether  occasionally  contains  hy- 
drogen peroxide  and  acetaldehyde  and  a 
relatively  large  amount  of  vinyl  alcohol  (Kassner, 
Arch.  Pharm.  1912,  250,  436).  Hydrogen 

peroxide  may  be  detected  by  the  immediate 
red  colouration  produced  when  5 c.c.  is  treated 
with  1 c.c.  of  N/10  potassium  thiocyanate  solu- 
tion and  2 drops  of  a 5 p.c.  freshly  prepared 
acidified  solution  of  ferrous  ammonium  sulphate 
(Dietze,  Apoth.  Zeit.  1915,  30,  165).  There 
should  be  no  liberation  of  iodine  when  2 c.c.  of 
a 10  p.c.  solution  of  cadmium  potassium  iodide 
are  shaken  with  10  c.c.  of  the  sample.  Per- 
oxides or  peroxidised  compounds  may  be 
formed  in  ether  when  improperly  stored.  The 
degree  of  oxidation  is  dependent  upon  the 
nature  of  the  container,  the  purity  of  the  ether, 
the  amount  of  air  present,  and,  in  the  case  of 
glass  containers,  the  intensity  of  the  light 
which  accelerates  the  oxidation.  Peroxides 
may  be  removed  by  means  of  ferrous  hydroxide 
or  by  shaking  with  mercury. 

Mixtures  of  ether  vapour  and  air  explode 
when  heated  to  about  190°  if  the  amount  of 
ether  in  the  gaseous  mixture  reaches  1 gram 
per  litre. 

A hydrate  (C2H5)20,2H20  is  known ; it  is  a 
solid  body,  which  only  exists  below  —3*5°,  and  is 
obtained  by  the  rapid  evaporation  of  aqueous 
ether  on  filter  paper  (Tanret,  Bull.  Soc.  chim. 
30,  505 ; Compt.  rend.  87,  765).  Dry  ether 
and  chlorine  at  — 80°  yield  a white  crystal- 
line chloride  (C2H5)20Cl2,  m.p.  —51°  ; bromine 
similarly  yields  a reddish-yellow  bromide 
(C2H5)20Br2,  m.p.  —40°  (McIntosh,  Chem,  Soc. 
Trans,  1905,  789).  A bromide  (C2Hg)20Br3, 
red  plates,  m.p.  22°,  is  also  known  (Schutzen- 
berger,  Annalen,  167,  86). 

Ether  combines  with  various  metallic  salts 
and  forms  crystalline  bodies,  e.g.  BeClg, 
2(C2H5)20,  large  prisms  (Atterberg,  Ber.  9, 
856) ; HgBr2,3(C2H5)20  (Nicldes,  J.  1861,  200)  ; 
AlBr3,(C2H5)20  (N.).  TiCl4,(C2H5)20 ; crystal- 

line ; m.p.  42°-45°  ; b.p.  118°-120°,  decomposes 
into  TiCl3(OC2H5)  (Bedson,  Annalen,  180,  236  ; 
Chem.  Soc.  Trans.  1876,  1,  311). 

Properties. — A colourless  mobile  liquid  with 
pleasant  smell.  Volatilises  very  quickly,  and 
by  so  doing  produces  great  cold.  It  is  extremely 
inflammable,  and  its  vapour,  which  is  very 
heavy,  forms  an  explosive  mixture  with  air. 
Ether  is  readily  soluble  in  concentrated  HCl 
solution  (Draper,  Chem.  News,  35,  87),  and  in 
concentrated  H2SO4,  from  which  it  is  separated 
by  addition  of  ice  (Riedel,  D.  R.  P.  52982, 
Frdl.  ii.  551).  It  is  miscible  with  almost  all 
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organic  liquids,  and  with  liquid  CO2.  It  is  a 
good  solvent  for  resins,  fats,  alkaloids,  &c.,  and 
sulphur  and  phosphorus  dissolve  in  it  to  a small 
extent.  It  also  dissolves  I and  many  salts, 
e.g.  FegCle,  HgCla,  PtCl4,  and  many  gases,  not- 
ably ammonia. 

In  laboratories  ether  should  always  be  kept 
over  mercury  or  sodium  in  completely  filled, 
well-stoppered  bottles,  preferably  made  of  blue, 
green,  or  brown  glass,  in  cool  places  excluded 
from  the  light  (cf.  Baskerville  and  Hamor, 
J.  Ind,  Eng.  Chem.  1911,  3,  301  et  seq.  ; J.  Soc. 
Chem.  Ind.  1911,  830). 

Its  vapour  when  inhaled  produces  insensibi- 
lity (Faraday,  1818),  and  it  is  used  as  an  anaes- 
thetic in  surgery.  It  is  also  occasionally  used  in 
surgery  for  producing  local  anaesthesia ; this  is 
done  by  directing  a spray  of  ether  upon  the 
skin,  when  the  extreme  cold  produced  by  evapo- 
ration produces  complete  insensibility. 

It  is  also  used  as  a solvent  in  the  preparation 
of  collodion,  in  the  extraction  of  tannic  acids,  of 
several  alkaloids,  &c. 

Chlorine  acts  violently  upon  ether,  setting  fire 
to  it,  and  liberating  carbon  (Cruikshank).  If  the 
ether  be  kept  cool  by  ice,  and  in  the  dark,  sub- 
stitution products  are  obtained.  The  Cl  replaces 
the  H atom  by  atom  from  one  ethyl  group  first, 
in  the  following  order : CHHHCHHOCgHg 

2 3 4 1 5 

(Lieben,  Annalen,  111,  121;  146,  180;  Abel- 
janz,  164,  197;  Jacobsen,  Ber.  4,  215;  also 
Liebig,  Annalen,  1,  220  ; Malaguti,  Ann.  Chim. 
Phys.  [2]  70,  338;  [3]  16,  5;  Fritsch  and 

Schumacher,  Annalen,  279,  302). 

Monochlorether,  Monochlor ethyl  oxide 

CHg-CHCPO-CgHs; 

b.p.  97°-98° ; by  the  chlorination  of  ether 
(Lieben)  ; by  saturating  a mixture  of  aldehyde 
and  alcohol  with  HCl  (Frapolli,  Wurtz,  Annalen, 
108,  226)  ; by  the  action  of  PCI5  upon  acetal 
(Bachmann,  ibid.  218,  39).  It  is  decomposed  by 
HaSO^into  HCl,C2H40,and  C^Hs-OH.  CgHsONa 
forms  NaCl  and  acetal ; water  decomposes  it 
into  HCl,  aldehyde,  and  alcohol  (Laatsch, 
Annalen,  218,  36). 

Dichlorether,  Dicldorethyl  oxide 

CHaCl-CHCkO-CaHs ; 

b.p.  140°-145°  ; sp.gr.  1-174  at  23°  ; by  action  of 
Cl  upon  ether  (Malaguti,  Annalen,  32,  15 ; Wild- 
man  and  Gray,  J.  Amer.  Chem.  Soc.  1919,  41, 
1122)  ; by  action  of  HCl  upon  a mixture  of 
chloraldehyde  and  CgHg'OH  (Natterer,  Monatsh. 
5, 496)  ; by  action  of  HCl  upon  chloracetal  (N.). 

Dichlorether  is  decomposed  on  heating  in  a 
tube  into  CgHgCl  and  other  products.  CgHgONa 
forms  first  chloracetal  CH2C1-CH(0C2H5)2.  By 
heating  with  excess  of  CgHgONa  in  sealed  tubes, 
ethyl  glycol  acetal  CH2(OC2Hg)CH(OC2H5)2  is 
formed.  In  ethereal  solution,  Zn(C2H5)2  yields 
ethyl  chlorether  CH2Cl-CH(C2Hg)OC2H5 ; b.p. 
14i° ; sp.gr.  0-9735  at  0°.  With  excess  of 
Zn(C2Hg)2  we  get  CH2(C2Hg)CH(C2Hg)OC2H5 ; 
b.p.  131-4°  at  749-6  mm.  ; sp.gr.  0-7865  at  0° 
(Lieben,  Annalen,  178,  14).  Strong  caustic 
potash  forms  alcohol,  a body  CgHigClgOg,  a 
little  glycollic  acid,  and  two  isomeric  bodies  of 
the  composition  C4H9CIO2  (Abeljanz,  ibid.  164, 
218)  ; a-C4H9C102,  chloraldehyde  alcoholate 

CH.2C1-CH(0H)0-C2H5,  b.p.  93°-95°;  and 
C4H4CIO2  oxychlorether  CH2OH-CHCI-O-C2H5, 


also  formed  by  chlorination  of  ether  (Jacobsen, 
Ber.  4,  217),  b.p.  151°-155°.  With  NH2-OH  yields 
glyoxime  (Hantzsch  and  Wild,  Annalen,  289, 
293).  It  is  decomposed  by  water,  and  in 
presence  of  marble  5delds  monochloracetaldehyde 
alcoholate,  which,  on  distillation,  gives  mono- 
chloraldehyde  and  monochloracetal  (Fritsch 
and  Schumacher,  ibid.  279,  301). 

TrichloretherCHCl2-CHCl-0-C2Hg;  b.p.  167°- 
168°,  155°-158°  (Copaux),  170°-i75°  (Oddo 
and  Mameli)  ; sp.gr.  1-3303  at  14°  (0.  and  M.). 
By  the  action  of  PCI  5 upon  dichloracetal 
CHCl2-CH(OC2H5)2  (Krey,  J.  1876,  475);  by 
hydrolysis  of  the  compound  formed  by  action  of 
chlorine  on  triethyl  boric  ester  (Copaux,  Compt. 
rend.  127,  721)  ; by  chlorinating  aiS-dichloro- 
ethyl  ether  with  1 molecule  of  Cl  at  temperature 
of  boiling  saturated  salt  solution.  At  230°-240° 
in  a sealed  tube,  yields  dichloroaldehyde  and 
C2H5CI.  HCl  at  110°  for  6 hours,  and  distilla- 
tion with  concentrated  H2SO4,  yield  the  same 
products.  Conversely,  dichloroaldehyde  in  alco- 
hol with  HCl  yields  trichloroether.  Boiled  with 
water,  trichloroether  yields  acetaldehyde,  di- 
chloroacetaldehyde  hydrate  (m.p.  55°-56°, 

b.p.  96-5°-97-5°)  , dichloroacetal,  and  other 
very  complex  compounds  (Oddo  and  Mameli, 
Gazz.  chim.  ital.  33,  ii.  373  ; also  ibid.  36, 
i.  480)  ; decomposed  by  heating  with  C2H50Na, 
yielding  dichloracetal. 

Tetrachlorether  CCl3'CHCl-0-C2H5 ; b.p. 
189-4°  at  749-1  mm.,  79°  at  16  mm.,  189-7°  at 
758-7  mm.  ; sp.gr.  1-4225  at  18°/4°  (Weber  and 
Foster,  J.  Amer.  Chem.  Soc.  31,  1410)  ; sp.gr. 
1-4379  at  0°,  1-4182  at  15-2°.  Formed  by  action 
of  Cl  upon  monochlorether  in  contact  -with  I 
4Wurtz,  Vogt,  Zeitsch.  Chem.  1871,  689),  or 
of  chloral  alcoholate  CCl3-CH(0H)0-C2H5  upon 
PCI5  (Henry,  Ber.  5,  101,  435  ; Paterno,  Pisati,  J. 
1872,  303).  From  triclilorvinyl  ethyl  ether  and 
chlorine  (Godefroy).  A liquid  with  a camphor- 
like smell,  decomposed  by  heating  with  water 
into  C2H5OH,  HCl,  and  chloral.  Alcoholic 
KOH  forms  with  it  tricldorvinyl  ethyl  ether 
CCI2  : CCI-O-C2H5.  Heated  with  alcohol,  forms 
trichloracetal  (Pergami). 

Pentachlorether.  Two  isomerides  : 

(1)  CCI3-CCI2-O-C2H5 ; b.p.  ia0°-210°  with 
decomposition;  sp.gr.  1-645  (Jacobsen,  Ber.  4, 
217)  ; by  action  of  Cl  upon  trichlorvinyl  ethyl 
ether  (?.’.  supra)  (Busch,  Ber.  11,  445). 

(2)  CCI3-CHCI-O-CH2-CH2CI;  b.p.  235°; 
sp.gr.  1-577  at  80°.  By  action  of  PCI5  on  a 
compound  of  chloral  and  glycol  chlorohydrin 

CCl3-CH(0H)0-CH2-CH2Cl 
(Henry,  Ber.  7,  763). 

Hexachlorether  CHCla-CHCl-O-CHCl  CHCl^ ; 
b.p.  250°  ; by  action  of  PCI5  upon  dichloralde- 
hyde  saturated  with  HCl  (Paterno,  Pisati,  J. 
1871,  508). 

Octochlorether  C4H2CI8O  ; from  ethylidene 
oxychloride  and  Cl  in  sunlight  (Both,  Ber.  8, 
1017).  Camphor-like  smelling,  volatile  crystals. 

Perehlorether  (C2Cl5)20  (Regnault,  Annalen, 
34,  27)  ; sp.gr.  1-900  at  14-5°  (Malaguti,  Ann. 
Chim.  Phys.  [3]  16,  4)  ; the  ultimate  product  of 
the  action  of  Cl  upon  ether  in  sunlight,  is  a 
solid,  forming  orthorhombic  scales,  m.p.  69°, 
which  possesses  a smell  like  that  of  camphor. 
Decomposed  by  heating  at  300°  into  CgClg  and 
CCI3-COCI ; with  K2S  yields  perchlorvinyl  ether 
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(02013)20,  with  liberation  of  S (Malaguti,  Ann. 
Ohim.  Phys.  [3]  16,  19).  This  body  is  a liquid, 
b.p.  210°,  sp.gr.  1'652  at  21°,  which  combines 
with  01  in  sunlight  to  form  (0201r)20,  or  with  Br 
yielding  (020l3Br2)20. 

Ethyl  peroxide  (02H5)403,  produced  by  lead- 
ing dry  ozone  into  absolute  ether  (Berthelot, 
Bull.  Soc.  chim.  ii.  36,  72),  is  a thick  syrup  which 
does  not  solidify  at  —40°,  is  partially  volatile 
on  heating,  but  easily  explodes  ; is  miscible  with 
water,  by  which  it  is  decomposed  into  O2H5OH 
and  H2O2. 

Ethyl  phosphates. 

1.  Normal  ethyl  phosphate  (02H5)3P04  ; b.p. 

215°  ; sp.gr.  1'072  at  12°.  By  action  of  heat  on 
lead  diethyl  phosphate  Pb(02H5)4(P04)2  (Vogeli, 
Annalen,  69,  190)  ; from  C2H5T  and  Ag3P04 
(Clermont,  Ann.  Chim.  Phys.  [3]  42,  330)  ; 
from  POCI3  apd  C2H50Na  (Limpricht,  Annalen, 
134,  347)  ; from  PgOg  and  absolute  pjcohol 
(Carius,  ibid.  137,  121).  Colourless  liquid, 

miscible  with  and  slowly  decomposed  by  water, 
forming  diethyl  phosphoric  acid. 

2.  Diethyl  phosphoric  acid  (C2H5)2HP04,  a 
syrupy  liquid  obtained  by  action  of  P2O3  upon 
alcohol.  It  is  a monobasic  acid,  and  forms  well- 
marked  salts,  e.g.  Ca[(C2H5)2P04]2,  crystalline 
needles  ; Pb[(C2H5)2P04]2,  needles,  m.p.  180°, 
soluble  in  water. 

3.  Ethyl  phosphoric  acid  H2(C2H5)P04,  an 
oily  liquid  decomposed  by  heating,  evolving 
(CoH5)20,  C2H5OH,  and  C2H4.  Equal  parts  of 
alcohol  (95  p.c.)  and  syrupy  H3PO4  are  heated 
to  60°  or  80°,  diluted  with  water  and  neutralised 
with  BaC03,  filtered,  the  Ba  salt  allowed  to 
crystallise,  and  then  decomposed  by  H2SO4 
(Pelouze,  Ann.  Chim.  Phys.  [2]  52,  37). 

Also  produced  by  action  of  P2O5  upon  ether 
or  alcohol  or  of  syrupy  H3PO4  upon  ether 
(Vogeli,  J.  1847-48,  694).  Forms  crystalline 
salts  with  the  metals  ; of  these  the  lead  salt  is 
least  soluble. 

Ethyl  phosphites. 

1.  Triethyl  phosphite  (C2H5)3P03  ; b.p.  191° 
(or  188°  in  stream  of  H)  ; sp.gr.  P075  at  15 ‘5° 
(Railton,  Chem.  Soc.  Trans.  1855,  7,  216)  ; from 
PCI 3 and  alcohol  or  sodium  ethoxide. 

An  ethereal-smelling  liquid,  which  absorbs  0 
and  is  converted  by  PCI5  into  PO(OC2H5)Cl2, 
PCI3,  and  C2HgCP  (Geuther,  Hertz.  J.  1876, 
207).  By  heating  with  NaOC2H5  yields 
Na(C2H5)2P03  ; with  (C2H50)20,  gives 

H2(C2Hg)P03 

(Jaehne,  Annalen,  256,  269). 

2.  Diethyl-phosphorous  acid  H(C2H5)2P03 ; 
b.p.  184°-185°;  sp.gr.  1-0749  (15 •5°/4°).  From 
P40e  and  CgHgOH  (Thorpe  and  North,  Chem. 
Soc.  Trans.  1890,  034)  ; from  PCI3  and  C2H5OH 
(Levitsky,  J.  Buss.  Phys,  Chem.  Soc,  1903,  35, 
211  ; Milobendzi  and  Sachnowski,  Chem.  Soc, 
Abst.  1918,  i.  477)  ; from  C2H5I  and  Pb3(P03)2 
(Michaelis  and  Becker,  Ber.  1897,  1005).  Colour- 
less mobile  liquid  with  an  alliaceous  odour, 

3.  Ethyl-phosphorous  acid  H2(C2Hg)P03, 
very  unstable  syrupy  liquid  ; obtained  by  action 
of  PCI3  upon  weak  alcohol  (Wurtz,  Ann.  Chim. 
Phys.  [3]  16,  218).  The  salts  do  not  crystallise 
well,  but  are  more  stable  than  the  acid. 

Chloride  of  ethyl-phosphorous  ac^d  C2H5POCI2  ; 
b.p.  117-5°  (corr.)  ; sp.gr.  1-30526  at  0°/4° 
('Phorpe,  Chem.  Soc.  Trans.  37,  346)  ; from  PCI3 


and  C2H5-OH  (Menschutkin,  Annalen,  139,  343)  i 
decomposed  by  water  into  HCl,  C2H5'OH,  and 
H3PO3  ; also  by  heating  to  165°  into  C2H5CI,  P, 
PCI3,  and  P2O5  (Chambon,  J.  1876,  205). 

Diethyl  pyro-phosphorous  acid  is  not  known, 
but  the  zinc  salt  (C2H5)2P2D5Zn  is  produced  when 
Zn(C2H5)2  is  heated  with  PaOg  to  140°  (Hilling, 
Zeitsch.  Chem.  1876,  266). 

Ethyl  selenic  acid  C2H5HSe04,  very  un- 
stable ; produced  from  H2Se04  and  CgHgOH 
(Fabian,  Annalen,  Suppl.  1,  244).  The  salts  are 
also  unstable,  the  most  permanent  being  the 
strontium  salt ; they  can  be  crystallised  with 
the  ethyl-sulphuric  acid  salts. 

Ethyl  selenhydrate,  Ethyl  selenomercaptan 
CsHgSeH;  b.p.  53-5°;  sp.gr.  24°/4°  1-3954 
(Tschugaeff,  Ber.  1909,  42,  49).  From  ethyl 
iodide  and  sodium  hydroselenide.  Nauseous - 
smelling  liquid. 

Ethyl  selenide,  Selenethyl  (C2H5)2Se ; b.p. 
108° ; discovered  by  Lowig  (Pogg.  Ann.  37, 
552).  By  action  of  K2Se  upon  (C2H5)2C204 
(L.)  ; by  action  of  KC2H5SO4  upon  K2Se  (Jojq 
Annalen,  86,  35  ; Bathke,  ibid.  152,  210)  ; the 
crude  product  is  then  distilled  again  with  KOH, 
C2H5HSO4,  and  a small  piece  of  P or  S (Piever- 
ling,  ibid.  185,  331  ; Ber,  9,  1469).  A colourless 
mobile  liquid  with  a not  unpleasant  smell,  is 
insoluble  in  water,  acts  as  a base  ; HCl  precipi- 
tates from  a solution  in  dilute  HNO3  an  oily 
liquid  (C2H5)2SeCl2,  which  gives  with  aqueous 
NH3  a crystalline  oxychloride  [(C2H5)2Se]20Cl2. 
Combines  with*  CgHgl  to  form  crystalline 
(C2H5)3SeI  (Pieverling),  This  is  a white  sub- 
stance resembling  Epsom  salts  in  appearance. 
The  (C2Hg)2SeCl2  forms  double  salts  with 
several  metallic  chlorides  ; e.g.  ; 

[(C2H-)3SeCl]2ZnCl2 

Ethyl  diselenide  (C2H5)2Se2 ; b.p.  186° ; 
formed  as  a by-product  in  the  preparation  of 
(C2H5)2Se  ; was  first  obtained  by  Wohler  and 
Dean  (Annalen,  97,  1)  from  KC2H5SO4  and 
KgSea  (Bathke,  ibid.  152,  212)  ; has  an  intensely 
disagreeable  smell,  and  acts  as  a poison  (Piever- 
ling). A solution  in  dilute  HNO3  gives  with 
HCl  monoclinic  crystals  of  (C2H5)2Se202(0H)2Cl2, 
which  are  soluble  in  water,  and  are  reduced  by 
SO2  to  ethyl  diselenide. 

Ethoxy-selenyl  chloride  C2H50-Se0Cl ; m.p. 
10° ; b.p.  175°,  not  without  decomposition. 
From  SeOClg  and  absolute  alcohol.  Heated  in 
a tube  to  200°  yields  Se,  CgHgCl,  HCl,  and 
HgO  (Michaelis  and  Landmann,  Annalen,  241, 
156). 

Diethylselenite  SeO(OEt)2 ; b.p.  183°-185°, 
not  without  decomposition  ; sp.gr.  1-49  at  16-5°. 
From  SeOClg  and  NaOEt  in  dry  ether  at  180°- 
190°  ; also  from  Ag2Se03,  and  CgHgl  at  85°  in 
sealed  tube.  A thick  liquid,  decomposed  by 
water  into  CgHgOH  and  H2Se03.  Decomposed 
by  heating  in  a tube  at  200°  with  separation  of 
Se  (M.  and  L.). 

Ammonium  monoethylselenite 

C2H50-Se0-0NH4; 

a crystalline,  very  hygroscopic  acid,  formed  by 
action  of  alcohol  and  ammonia  upon  SeOg  at 
temperature  of  melting  ice.  It  is  soluble  in 
alcohol,  insoluble  in  ether  (Divers  and  Hada, 
Chem.  Soc.  Trans.  75,  538).  * 
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Ethyl  sulphates. 

Mono-ethyl  sulphate  C2H5HSO4  {Ethyl- 
sulphuric  acid  ; Sulphethylic  acid  ; Sulphovinic 
acid)  ; sp.gr.  1-316  at  16°. 

Eirst  noticed  by  Dabit  (Crell’s  Ann.  [1802] 

I,  394) ; and  again  by  Sertiirner  (Gilb.  Ann. 
60,  53  ; 64,  67,  [1818-1820] ; see  also  Heeren, 
Pogg.  Ann.  7,  193  ; Hennel,  Trans.  Roy.  Soc. 
1826  ; 240,  1828,  365 ; Serullas,  Ann.  Chim. 
Phys.  [2]  39,  153  ; Liebig  and  Wohler,  Pogg. 
Ann.  22,  487  ; Liebig,  Annalen,  9,  17,  32  ; 13, 
32,  38  ; Dumas  and  Boullay,  Ann.  Chim.  Phys. 
[2]  36,  300). 

Formed  by  action  of  sulphuric  acid  upon 
alcohol  (Dabit,  Sertiirner,  Serullas)  ; also  by 
absorption  of  ethylene  in  sulphurie  acid  (Hennel ; 
Berthelot,  Ann.  Chim.  Phys.  [3]  43,  385)  ; by 
heating  ether  with  strong  H2SO4  (Hennel ; 
Magnus,  Pogg.  Ann.  27,  386)  ; from  S2CI2  and 
alcohol  (Heusser,  Annalen,  151,  249)  ; from 
H0-S02C1  and  aleohol  in  the  cold  (on  heating, 
this  gives  C2H50-S0,C1,  Claesson,  tT.  pr.  Chem. 
[2]  19,245). 

Preparation. — A mixture  of  equal  parts  of 
absolute  alcohol  and  strong  sulphuric  acid  is 
heated  for  4 hours  on  the  water -bath  ; by  this 
treatment  59  p.c.  of  the  H2SO4  used  is  eonverted 
into  mono-ethyl  sulphate  (Berthelot,  Bull.  Soe. 
chim.  ii.  19,  295).  By  using  3 molecules  alcohol 
and  1 molecule  H2SO4  {i.e.  3 to  2 by  weight), 
77  p.c.  of  the  sulphuric  acid  is  utilised  (Claesson, 

J.  pr.  Chem.  [2]  19,  246).  The  mixture  is  diluted 
with  water  and  neutralised  with  lead  or  barium 
carbonate,  filtered,  eva-porated  to  erystallisation, 
the  crystals  dissolved  in  water,  and  the  acid 
set  free  by  means  of  H2SO4,  or,  when  lead 
carbonate  is  used,  by  means  of  HgS.  The  pre- 
cipitated BaS04,  PbS04,  or  PbS  is  removed  by 
filtration,  and  the  liquid  evaporated  in  vacuo 
over  sulphuric  acid.  Mono-ethyl  sulphate  is  a 
syrupy  liquid,  very  soluble  in  water,  soluble  also 
in  alcohol,  but  insoluble  in  ether. 

Heated  with  water,  yields  alcohol  and  sul- 
phuric acid ; on  heating  with  alcohol  to  140°, 
ether  and  H2SO4  are  formed.  Oxidising  agents, 
e.g.  Mn02  or  K2Cr04,  give  aldehyde  (Jacquemin 
and  Lies-Bodard,  J.  1857,  345).  The  salts  are 
very  soluble  in  water,  and  ean  be  heated  in  di- 
lute, solutions  without  decomposition,  though  in 
strong  solution,  or  by  prolonged  heating,  they 
are  decomposed  with  formation  of  alcohol,  a sul- 
phate, and  free  H2SO4.  This  decomposition  may 
be  diminished  by  the  addition  of  an  alkali 
hydroxide  or  earbonate.  By  dry  distillation,  the 
salts  yield  ‘ heavy  oil  of  wine,’  a liquid  contain- 
ing diethyl  sulphate  and  olefines  (c/.  Kremann, 
Monatsh.  1917,  38,  53).  HCl  gas  yields  C2H5CI 
and  a metallic  sulphate  (Kohler,  Ber.  19,  11, 
1929). 

By  distilling  sodium  ethyl  sulphade  in  a 
vacuum,  Lilienfeld  (Austrian  Pat.  63526)  obtains 
ethyl  sulphate  in  83-90  p.c.  yield. 

Salts  (v.  Marchand,  Pogg.  Ann.  32,  456 ; 
41,595).  LiC2H,S0_4,H20  ; NaC2H5S04,H20  ; 

KC2H5SO4,  crystallises  in  anhydrous  mono- 
clinic plates,  soluble  in  0-8  part  H2O  at  17°  ; 
(Schabus,  J.  1854,  560  ; Marignac,  J.  1855,  608). 

Mg(C2H5S04)2,4H20 ; Ca(C2H,S04)2,2H20 

forms  monoclinic  laminse,  soluble  in  0'8  part 
water  at  17°  (M.)  ; Ba(C2H5S04)2,2H20,  mono- 
clinic plates,  sp.gr.  2-080  at  21-7°,  soluble  in  0-92 


parts  of  water  at  17°  (M.) ; Pb(C2H5S04)2,2H20  ; 
large  rhombic  tables  — Pb(C2H5S04)g,Pb0  ; 
amorphous  ; soluble  in  0-54  part  H2O  at  17°. 

Diethyl  sulphate  (C2H5)2S04 ; sp.gr.  1-1837 
at  19°  (Claesson,  J.  pr.  Chem.  [2]  19,  257)  ; 
b.p.  208°  (with  decomposition),  113-5°  at  31 
mm.,  118°  at  40  mm.,  120-5°  at  45  mm.  (Vil- 
liers.  Bull.  Soc.  chim.  ii.  34,  26)  : m.p.  about 
—24-5°  (V.)  ; occurs  in  ‘ heavy  oil  of  wine.’ 
Formed  by  leading  SO3  vapour  into  absolute 
ether  (Wetherill,  Annalen,  66,  117)  ; in  small 
quantity  by  distillation  of  C2H5HSO4 ; by 
dropping  alcohol  into  chloride  of  ethyl  sulphuric 
acid  C2H50-S02C1,  or  by  action  of  H2SO4  upon 
alcohol  (Claesson) ; from  Ag2S04  and  CgHgl 
(Stempnewsky,  Ber.  11,  514).  A mixture  of 
1 vol.  absolute  alcohol  and  2 vols.  H2SO4 
is  distilled  slowly  in  vacuo  (Villiers).  Absolute 
alcohol  is  mixed  with  Nordhausen  sulphuric 
acid,  the  ether  separated  by  means  of  CHCI3, 
and  the  produet  distilled  in  vacuo  (Claesson  and 
Lund  vail,  Ber.  13,  1699). 

Is  an  oily  liquid,  with  an  odour  like  that  of 
peppermint ; insoluble  in  water,  and  slowly  de- 
eomposed  by  that  liquid  even  in  the  eold  ; when 
heated  with  water,  yields  alcohol,  H2SO4  and 
C2H5HSO4,  Heated  with  alcohol,  forms  ether 
and  C2H5HSO4 ; warm  baryta  water  forms 
alcohol  and  Ba(C2H5S04)2  (Villiers). 

Unsaturated  hydrocarbons  are  present  to 
the  extent  of  about  5 p.c.  in  ‘ heavy  oil  of 
wine.’ 

Chloride  of  ethyl  sulphuric  acid  C2H5O-SO2CI ; 
b.p.  151°-154°  (corr.)  (Claesson,  J.  pr.  Chem.  [2] 
19,  248),  with  slight  decomposition  ; 93°-95°  at 
100  mm.  (Muller,  Ber.  6,  227).  From  CgHgCl 
and  SO3,  together  with  isomerides  {v.  Ethyl 
chloride)  ; by  dropping  alcohol  into  SO2CI2 
(not  vice  versa  ; diethyl  sulphate  is  then  formed) 
(Behrend,  J.  pr.  Chem.  [2]  15,  28)  ; from  a 
salt  of  ethyl  sulphuric  acid  and  PCI5  (Pur- 
gold,  Ber.  6,  505) ; from  ethyl  chloroformate 
C1-C02C2H5  and  fuming  sulphuric  acid  (Wilm, 
Ber.  6,  505) ; by  passing  C2H4  into  HSO3CI, 
S04H-CoH4-S02C1  is  also  produced  (Muller,  ibid. 
6,  227).  “ 

A liquid  with  an  irritating  smell,  exciting 
tears,  and  decomposed  by  contact  with  water 
into  HCl,  H28O4  and  alcohol.  When  the  chloride 
is  added  to  methyl  alcohol  or  ethyl  alcohol, 
ethyl  sulphuric  acid  and  CH3CI  or  C2H5CI 
are  produced ; with  amyl  alcohol,  amyl  sul- 
phuric acid  and  ethyl  chloride  are  formed 
(Miiller).  If,  on  the  other  hand,  absolute  al- 
cohol is  dropped  into  the  chloride,  diethyl 
sulphate  is  produced  (Claesson). 

Bromethyl  sulphuric  acid 

- CH2Br-CH2-0S020H(?) ; 
from  ethylene  bromide  and  SO3  (Wroblewski, 
Zeitsch.  Chem.  1868,  563).  The  barium  salt 
is  anhydrous,  and  is  deeomposed  by  continued 
heating  with  water,  with  separation  of  BaS04 
and  formation  of  glycol  (Beilstein  and  Wiegand, 
Ber.  15,  1370).  An  isomeric  body 

CH3-CHBr-0S02-0H(?) 

is  formed  by  acting  upon  ethylene  bromide  with 
Ag2S04  and  water  (B.  and  W.)  ; the  barium  salt 
is  very  soluble  in  water,  and  its  solution  decom- 
poses on  warming  into  BaS04,  HBr,  and  glycol. 

Dibromo-diethyl  sulphate  (CH2Br-CH2)2S04 ; 

by  action  of  ethylene  bromide  upon  Ag2S04  in 
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presence  of  benzene  (Beilstein  and  Wiegand, 
Annalen,  15,  1369)  ; a heavy  oil  insoluble  in 
water,  soluble  in  benzene  and  ether,  decomposed 
on  heating.  Heated  with  water,  yields  bromide 
of  ethyl  sulphuric  acid,  and  finally  HBr,  H2SO4, 
and  glycol. 

Ethyl  sulphites. 

Mono-ethyl  sulphite  CgHgO'SO'OH,  Ethyl 
sulphurous  acid,  Hyposulphethylic  acid.%  The 
potassium  salt  KC2H5SO3  is  obtained  by  passing 
SO2  into  a well-cooled  solution  of  NaOCgHg  in 
absolute  alcohol  (Rosenheim  and  Liebknecht, 
Ber.  1898,  408).  The  ammonium  salt  is  pre- 
pared by  passing  NHg  followed  by  SO2  into 
absolute  alcohol  (Divers  and  Ogawa,  Chem.  Soc. 
Trans.  1899,  535).  The  alkali  salts  are  very 
unstable  in  the  solid  state  decomposing  with 
evolution  of  SO 2.  Dilute  mineral  acids  bring 
about  this  change  in  solution  ; ethyl  iodide  and 
alcohol  at  150°  yield  ethyl  sulphonate  (q.v.). 
By  treatment  with  PCI5,  diethyl  sulphite  yields 
the  chloride  of  ethyl  sulphurous  acid  CgHgO'SOCl 
which  boils  at  122°,  is  decomposed  by  water 
into  HCl,  SO2,  and  alcohol,  and  gives,  by  further 
action  of  PCI5  at  180°,  thionyl  chloride,  C2H5CI, 
and  POCI3  (Michaelis  and  Wagner,  Ber.  7,  1074). 
Ethyl  sulphurous  acid  is  isomeric  with  ethyl 
sulphonic  acid  CgHg'SOg/OH  [q.v.). 

Diethyl  sulphite  CgHgO'SO'OCgHg ; sp.gr. 
1T063  at  0°  (Carius,  J.  pr.  Chem.  [2]  2,  279); 
b.p.  161 ’3°.  From  alcohol  and  SgClg ; 18  parts 
of  absolute  alcohol  are  mixed  with  50  parts  of 
S2CI2,  previously  warmed  to  60°  ; the  mixture 
is  kept  at  this  temperature  for  an  hour,  and 
then  distilled  ; the  portion  boiling  above  150° 
is  redistilled  (Warlitz,  Annalen,  143,  74). 

A colourless  liquid,  with  mint-like  odour, 
miscible  with  alcohol  and  ether ; insoluble  in 
water.  Decomposed  by  water  ; with  PCI 5,  yields 
a chloride  C2H5OSOCI,  which,  on  distillation, 
splits  up  into  C2H5CI  and  SO2  (Geuther,  Annalen, 
224,  223  ; Michaelis  and  Wagner,  Ber.  7,  1074). 
Decomposed  by  KOH  into  potassium  ethyl 
sulphonate  (Rosenheim  and  Liebknecht,  ibid. 
31,  405).  Decomposes  at  200°  into  SOg  and 
ether  (Prinz,  Annalen,  223,  374) ; or  by  heating 
with  SOClo,  to  120°,  into  SOg  and  CaHgCi 
(Geuther). 

Ethyl  sulphydrate  C2H5SH.  Mercaptan, 
Ethyl  mercaptan;  b.p.  36 '2°  (Nasini,  Ber.  15, 
2882) ; sp.gr.  0-83907  at  20°/4°  (N.),  0-835  at 
21°.  By  distilhng  Ba(C2H5S04)2  with  Ba(HS)2 
(Zeise,  Annalen,  11,  1)  ; by  action  of  KHS  upon 
CgHgC!!  (Regnault,  Ann.  Chim.  Phys.  [2]  71, 
390)  ; by  heating  absolute  alcohol  saturated 
with  SO 2 in  a sealed  tube,  there  are  also 
formed  C2H5HSO4,  (C2H5)20,  and  H2SO4  (Ende- 
mann,  Annalen,  140,  336) ; from  P2S5  and 
alcohol  (Kekule,  Annalen,  90,  310).  It  is  best 
prepared  by  saturating  a solution  of  KOH, 
sp.gr.  1-3,  with  H2S,  mixing  with  a solution  of 
Ca(C2H5S04)2  (also  of  sp.gr.  1-3),  and  distilling 
on  water-bath  (Liebig,  Annalen,  11,  14) ; accord- 
ing to  Claesson  (J.  pr.  Chem.  [2]  15,  193), 
(C2H5)2S  is  also  formed  ; NaCgHgS  is  prepared 
from  the  product  of  this  action,  the  alcoholic 
solution  evaporated  to  dryness,  the  (C2H5)2S 
removed  by  means  of  benzene,  and  the  (^gHsNaS 
decomposed  by  dilute  H2SO4. 

It  is  a colourless  liquid  with  a penetrating 
garlic-like  smell,  slightly  soluble  in  water,  from 
which  it  crystallises  on  evaporation  with  I8H2O, 


m.p.  12°  (Claesson).  It  gives  with  bromine 
C2H5Br,  HBr,  and  BrS  (Friedel,  Ladenburg, 
Annalen,  145,  189).  HNO3  forms  C2H5S02'SC2H5, 
or,  if  the  acid  be  stronger,  ethyl  sulphonic  acid. 
Treated  with  Cu  powder,  loses  its  disagreeable 
odour,  but  is  considerably  decomposed  thereby 
(Finckh). 

It  forms  crystalline  compounds  with  SiCl4 
(Demarcay,  Bull.  Soc.  chim.  [2]  20,  127).  It 
absorbs  NO,  forming  a dark-red  solution. 

The  hydrogen  of  mercaptan  is  replaceable 
by  metals  forming  mercap tides  ; e.g.  CgHgKS 
and  Hg(C2H5S)2,  transparent  plates,  m.p.  76°- 
77°  (Otto,  Ber.  13,  1290  ; 15,  125),  very  slightly 
soluble  in  cold  alcohol,  soluble  in  12-15  parts 
hot  alcohol  (Liebig,  Annalen,  11,  17)  ; gives 
with  HNO3  the  nitrate  Hg(C2H5S)N03  (Hof- 
mann and  Rabe,  Zeitsch.  anorg.  Chem.  17,  26)  ; 
Pb(C2H5S)2,  yellow  precipitate,  formed  when 
Pb(C2H302)2  and  C2H5HS  are  mixed  in  alcoholic 
solutions.  As(C2H5S)3,  a foul-smelling  oil  formed 
from  AsClg  and  C2H5NaS,  decomposed  by  heat 
into  As  and  (C2H5)2S2.  Pt(C2H5S)2  pale-yellow 
precipitate  (Zeise). 

Ethyl  sulphide  (C2H5)2S  ; b.p.  91°  (Pierre,  J. 
1851,  51),  91-9°  at  754-7  mm.  (Beckmann, 
J.  pr.  Chem.  [2]  17,  451),  92-2°-93°  (corr.)  at 
754  mm.  (Nasini,  Ber.  15,  2282) ; 92-1°  (corr.) 
(Thorpe  and  Rodger) ; sp.gr.  0*8367  at  0° 
(Pierre),  0*83676  at  20°/4°  (N.).  From  K2S  and 
C2H5CI  (Regnault,  Ann.  Chim.  Phys.  [2]  71, 
387) ; from  Zn(C2H5)2  and  SOClg  (Gauhe,  Anna- 
len, 143,  266) ; from  KHS  and  KC2H5SO4  in 
alcohol  (Hobson,  Chem.  Soc.  Trans.  10,  56)  ; 
also  from  P2S5  and  (C2H5)20  (Beckmann).  To 
prepare  the  pure  sulphide,  heat  the  crude 
sulphide  with  Cu  powder  to  260°-280°  (Finckh, 
Ber.  1894,  1239). 

It  is  a colourless  liquid  with  strong  garlic-like 
smell,  insoluble  in  water.  Briihl  states  that  in 
the  pure  state  it  has  an  ethereal  odour.  Chlorine- 
acts  upon  it  in  the  dark,  forming  substitution 
products  : (1)  (C2H3Cl2)2S,  yellow  liquid,  b.p. 
167°-172°,  sp.gr.  1*547  at  12°  ; (2)  (C2H2Cl3)2S, 
b.p.  189°-192°,  sp.gr.  1*219  at  13*5°;  (3) 

(C2HCl4)2S,  b.p.  217°-222°.  By  prolonged  action 
of  chlorine,  C2Clg  is  formed,  and  possibly 
(C2Cl5)2S  (Riche,  Ann.  Chim.  Phys.  [3]  43,  283  ; 
Annalen,  92,  358).  (C2H2Cl3)2S  also  results 

from  action  of  chlorine  upon  (C2H3Cl2)2S,  which 
can  be  obtained  from  C2H4  and  ClgSg  (Guthrie, 
Annalen,  116,  241).  Bromine  forms  (C2ll5)2SBr2, 
a yellowish-red  unstable  body,  which,  by  the 
action  of  KI,  yields  (C2H5)2Sl2,  a black  liquid 
(Rathke,  Annalen,  152,  214). 

Ethyl  sulphide  combines  with  many  metallic 
chlorides  to  form  crystalline  compounds,  e.g. 
(C2H5)2S*HgCl2,  white  crystals,  soluWe  in  alcohol 
and  ether,  m.p.  119°;  (C2H5)2S*Hgl2,  yellow 
needles,  m.p.  110°;  2(C2H5)2S-TiCl3,  dark-red 
crystals  (Demarcay).  (For  addition  compounds, 
see  Abel,  Zeitsch.  physiol.  Chem.  20,  268 ; 
Werner,  Zeitsch.  anorg.  Chem.  15,  14 ; 17,  101  ; 
Smiles,  Chem.  Soc.  Trans.  1900,  164.) 

Nitric  acid  (of  sp.gr.  1-2)  forms  ethyl  sulph- 
oxide  or  diethyl  sulphine  oxide  (C2H5)2SO, 
a soluble  oily  liquid,  solid  at  low  tempera- 
tures, and  decomposed  by  heating.  Fuming 
I nitric  acid  converts  this  into  diethyl  sulphone 
(CoH,)2S02  ; b.p.  248°  ; m.p.  70°-72°  (Oefele, 
Annalen,  127,  370;  132,  88);  Roc  = 47*53 

(Kanonnikow,  J.  Russ.  Phys.  Chem.  Soc.  15 
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451)  ; also  formed  from  Pb(C2H5)4  and  SO2 
(Frankland  and  Lawrence,  Chem.  Soc.  Trans. 
35,  244),  and  from  (C2H5)2S,  and  a solution  of 
KMn04  (0.).  Rhombic  plates,  soluble  in  6 '4 
parts  water  at  16°. 

Trietliyl  sul'phine  (C2H5)3S  forms  compounds 
in  which  it  plays  the  part  of  a univalent  radical. 

(C2H5)3S1  from  (C2H5)2S,  C2H5I,  and  H2O 
(Oefele,  Annalen,  132,  82)  ; from  HI  and 
(C2H5)2S  or  HI  and  C2H5HS,  or  C2H5I  and 
C2H5HS  (Cahours,  ibid.  135,  352;  136,  151); 
forms  rhombic  plates  of  disagreeable  odour, 
and  soluble  in  water.  By  action  of  Ag20, 
yields  triethyl  sul'phine  hydroxide  (C2H5)3SOH, 
a strong  base ; displaces  NH4,  and  has  caustic 
action  on  the  skin ; it  forms  a crystalline 
deliquescent  mass,  which  unites  with  acids  to 
form  deliquescent  salts  yielding  double  com- 
pounds with  many  metallic  salts  ; e.y.  : 

PtCl4-2(C2H5)3SCl 

dark-reddish  prisms,  soluble  at  20’7°  in  30  parts 
of  water  (Dehn,  Annalen,  Suppl.  4,  90 ; Jorgen- 
sen, J.  pr.  Chem.  [2]  6,  82  ; Kraut,  Annalen, 
210,  321). 

When  (C2H5)2S  is  heated  with  CH3I,  diethyl- 
methyl  sulphine  iodide  (C2H5)2CH3SI,  an  unstable 
non-crystalline  body,  is  formed,  from  which  other 
salts  can  be  obtained;  the  chloride  (C2H5)2CH3SC1 
forms  many  double  salts  (Kruger,  J.  pr.  Chem. 
[2]  14,  195).  The  isomeride,  ethyl-methylethyl 
sulphine  iodide,  prepared  from  C2H5CH3S  and 
C2H5I,  is  crystalline  (Kruger). 

Ethyl  disulphide  (C2H2)2S2 ; b.p.  152*8°- 
153*4°  (corr.)  at  730  mm.  (Nasini,  Ber.  15,  2882)  ; 
sp.gr.  0*99267  at  20°/4°  (N.).  By  distillation  of 
KC2H5SO4  with  K2S2  and  water  (Zeise,  Annalen, 
11,  1 ; Morin,  ibid.  32,  267  ; Lowig,  Kopp,  ibid. 
35,  345  ; Cahours,  ibid.  61,  98)  ; by  action  of  I 
upon  a shght  excess  of  a solution  of  C2H5NaS 
(Kekule  ; Linnemann,  ibid.  123,  279) ; by  action 
of  S upon  C2H5SNa  (Bottger,  ibid.  223,  348)  ; 
by  distilling  liquid  thio acetaldehyde  (Klinger, 
Ber.  32,  2195). 

A colourless  liquid,  with  garlic-like  smell, 
very  slightly  soluble  in  water  ; with  dilute  HNO3, 
gives  (C2H5)2S202,  an  oily  liquid,  which  may  be 
regarded  as  the  ethyl  salt  of  ethyl  thiosulphonic 
acid  C2H5SO3SC2H5. 

Ethyl  trisulphide  (C2H5)2S3,  from  K2S3  and 
KC2H5SO4  (Cahours,  BuU.  Soc.  chim.  [2]  25, 
184)  ; also  from  (C2Hg)2S2  and  S (H.  Muller)  ; 
a colourless  liquid,  with  unpleasant  smell. 

Ethyl  tetrasulphide  (C2H 5)284 ; from  S2CI2 
and  C2H5SH  (Claesson,  J.  pr.  Chem.  [2]  15,  214) ; 
a heavy  oily  liquid,  with  disagreeable  odour. 

Ethyl  pentasulphide  (C2H5)2S5 ; by  heating 
(C2H5)2S4  and  S at  150°;  a tough  elastic 
solid. 

Ethyl  sulphinie  acid  C2H5HSO2 ; by  action 
of  Zn(C2H5)2  upon  SO2  (Wischin,  Annalen,  139, 
364  ; Hobson,  Chem.  Soc.  Trans.  1858,  10,  58)  ; 
the  sodium  salt  is  produced  by  oxidation  of 
sodium  mercaptide  by  dry  oxygen  (Claesson, 
J.  pr.  Chem.  [2]  15,  199).  The  free  acid  is  a 
syrupy  liquid  with  a sweet  taste  ; by  action  of 
HNO3,  yields  ethyl  sulphonic  acid  and 
(C2H5S02)3N0,  crystals,  m.p.  81*5°,  very  slightly 
soluble  in  water  (Zuckschwerdt,  Annalen,  174, 
308).  Forms  salts,  of  which  NaC2H5S02 
crystallises  from  alcohol  in  anhydrous  c^stals 
(C.)  ; the  lead  salt  was  prepared  irom  Pb(C2H5)4 


and  SO 2 by  Frankland  and  Lawrance  (Chem. 
Soc.  Trans.  35,  244). 

Ethyl  chlorosulphinate  CISO2  C2H5.  A 
faintly  yellow  liquid,  b.p.  29°/13  mm.,  which 
decomposes  at  its  b.p.,  122°,  under  ordinary 
pressure,  into  sulphur  dioxide  and  ethyl  chloride, 
formed  by  treating  well-cooled  ethyl  alcohol 
with  thionyl  chloride  (Stabler  and  Schirm,  Ber. 
1911,  44,  319). 

Ethyl  sulphonic  acid  C2H5*S02  0H  by  the 
oxidation  of  C2H5SH  (Lowig  and  Weidmann, 
Pogg.  Ann.  49,  329  ; Kopp,  Annalen,  35,  346), 
CgHgCNS  or  of  (C2H5)2S2  (Muspratt,  Chem.  Soc. 
Trans.  1849,  1,  45)  by  HNO3 ; from  CgHgl 
and  K2SO3  (Graebe,  Annalen,  146,  37).  By 
heating  ethylene  sulphonic  acid  with  P and 
HI  at  170°  (Kohler,  Amer.  Chem.  J.  20, 
688)  ; by  oxidation  of  CgHgCNS  with  hypor 
chlorites  (De  Coninck,  Compt.  rend.  126,  838)  ; 
by  action  of  cone.  HNO3  upon  mercury  mer- 
captide nitrate  (Hofmann  and  Rabe,  Zeitsch. 
anorg.  Chem.  17,  26).  The  acid  is  a crystalline 
deliquescent  body ; by  action  of  ICI3  at  150°, 
we  get  dichlorethyl  sulphonic  acid  ; excess 
of  ICI3  gives  C2CI6  (Spring  and  Wessinger,  Ber. 
15,  445)  ; unites  with  bases  to  form  salts.  (For 
halogen  derivatives,  see  Kohler,  Amer.  Chem.  J. 
19,  737 ; 20,  690 ; 21,  361.  For  salts,  see 
Rosenheim  and  Liebknecht,  Ber.  31,  412.) 

Ethyl  sulphonate  C2H5*S02*0C2H5 ; b.p. 
213*4°  (corr.);  sp.gr.  1*1712  at  0°/0°  1*1452 
at  20°/4°  (Nasini,  Ber.  15,  2884)  ; by  action 
of  ethyl  sulphonic  chloride  CgHgSOgCl  and 
02H5Na0  (Carius,  J.  1870,  726  ; J.  pr.  Chem. 
[2]  2,  262)  ; from  C2H5I  an5  silver  sulphite  or 
sodium  ethyl  sulphite  (q.v.). 

Ethyl  sulphonic  chloride  C2H5SO2CI ; b.p. 
177*5°  (corr.)  (Carius),  171°  (Otto,  Ber.  15,  122)  ; 
sp.gr.  1*357  at  22*5°  (C.)  ; by  action  of  PCI3 
on  NaC2H5S03  (Gerhardt  and  Chancel,  Compt. 
rend.  35,  690) ; by  action  of  Cl  upon  ethyl 
oxysulphide  (S.  and  W.  l.c.).  Colourless  liquid, 
with  unpleasant  smell. 

Ethyl  thiocyanate  C2H5SCN ; b.p.  143°  (Ber- 
thelot,  Compt.  rend.  130,  444),  146°  (corr.)  (Buff, 
Ber.  1,  206);  sp.gr.  1*033  at  0°,  1*0126  at  19°, 
0*8698  at  146°  (B.)  ; by  action  of  KCNS  upon 
KC2H5SO4  (Cahours,  Ann.  Chim.  Phys.  [3]  18, 
264  ; Annalen,  65I,  95),  or  C2H5CI  (Lowig,  Pogg. 
Ann.  67,  101),  or  CgHgl  (Johnson  and  Levy, 
Amer.  Chem.  J.  1907,  38,  456) ; from  EtgSO^ 
and  KCNS,  yield  87  p.c.  (Walden,  Ber.  1907, 
3214). 

A mobile  liquid  with  unpleasant  odour, 
insoluble  in  water,  miscible  with  alcohol  or 
ether ; by  action  of  sodium  forms  NaCN  and 
(CoH5)2S  (Hofmann,  Ber.  1,  184)  ; by  heating 
mth  solution  of  KOH,  yields  (C2H5)2S2,  KCN, 
and  KCNO  (Briining,  Annalen,  104,  198) ; with 
alcoholic  KOH,  forms  (C2H5)2S2,  CO2,  NH3,  but 
no  KCNS  (Lowig),  but  with  alcoholic  KHS 
yields  CgHgHS  and  KCNS  (L.).  Decomposed  by 
hot  solution  of  bleaching  powder,  yielding  CO 2, 
N,  'Et0*S02*0H,  and  H2SO4.  NaClO  and  NaOH 
hot,  yield  (Et0)2S02  and  NaCN.  Further 
action  gives  Et2S2,  NaCN,  and  NaCNO,  if  all 
the  hypochlorite  is  used  up.  By  action  of 
aqueous  NHgat  100°, it  yields  (C2H5)2S2,  NH4CN, 
urea,  oxalic  acid,  and  other  products  (Kremer, 
J.  1858,  401  ; Jeanjean,  J.  1862,  364).  By 
passing  Cl  into  it,  there  results  (CNC1)3  and  a 
liquid  C2H3SCI3,  b.p.  134°-135°  (James,  J.  pr. 
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Chem.  [2]  30,  316).  A chlorine  substitution 
product  C2H4CISCN  was  obtained  by  James 
{ibid.  [2]  20,  352)  by  heating  C2H4ClBr  with 
KCNS  and  alcohol ; an  oil  heavier  than  water, 
with  unpleasant  smell ; b.p.  202°-203°  ; m.p. 
below  —20°. 

Ethyl  thiocyanate  forms  compounds  with 
HCl,  HBr,  and  HI  (Henry,  J.  1868,  652  ; Glutz, 
Annalen,  153,  312).  (For  many  other  com- 
pounds, see  Wheeler  and  Johnson,  Amer.  Chem. 
J.  26,  345 ; J.  Amer.  Chem.  Soc.  24,  680 ; 
Wheeler  and  Jamieson,  ibid.  24,  743  ; Wheeler 
and  Merriam,  ibid.  24,  439.) 

Ethyl  75othiocyanate  C2Hf;NCS  (L.),  Ethyl- 
tMoearbimide,  mustard  oil  \ b.p.  134°;  sp.gr.  L0192 
at  0°,  0-9972  at  22°,  0-8763  at  133-2°  (Buff, 
Ber.  1,  206)  ; by  action  of  C2H5NCO  upon  PgSg 
(Michael  and  Palmer,  Amer.  Chem.  J.  6,  259), 
also  in  very  small  quantity  when  Hg(CNS)2  is 
heated  with  CgHgl  (Michael,  ibid.  1,  417),  also 
by  heating  CSClg  and  (C2H5)]SrH2  (Rathke, 
Annalen,  167,  211).  A solution  of  ethylamine  in 
alcohol  is  treated  with  CS2,  when  crystals  of  ethyl 
ammonium  ethyl  dithiocarbamate  separate  out, 
2(C2H5)NH2+CS2=(C2H5)NH-CS-S-NH3(C2H5). 
A solution  of  this  body  is  then  treated  with  HgCla, 
when  the  mercury  compound  is  precipitated  : 

(C2H5)NH-CS-S-NH3(C2H5)+HgCr2 

=2(C2H5)H3NCl+[NH(C2H5)CS2]2Hg 

On  distillation,  this  body  yields  the  mustard  oil, 
HgS  and  H2S  (Hofmann,  Ber.  1,  171  ; 2,  452). 
Helepine  (Compt.  rend.  144,  1125)  improves  the 
yield  of  dithiocarbamate  by  using  1 molecule 
each  of  CS2,  amine,  and  soda,  and  then  distilling 
with  basic  lead  acetate  in  place  of  HgCl2. 
Mustard  oil  is  a liquid  with  very  disagreeable 
smell,  and  in  contact  with  the  skin  produces  a 
burning  sensation  (Hofmann,  Ber.  1,  26)  ; with 
absolute  alcohol  forms  monoethyl  thioure- 
thane  (C2H5)NH-CS-OC2H5,  a liquid,  b.p. 
204°-208°  ; with  aldehyde  ammonia  yields  the 
compound  C7H15N3S,  m.p.  135°-136°  (Dixon, 
Chem.  Soc.  Trans.  1888,  414). 

Thiocarbimides  react  with  phenylhydrazine, 
yielding  thiosemicarbazides  (Marckwald).  With 
Br  in  chloroform  a ring  compound,  C20S2(NEt)2, 
melting  at  45°,  is  formed  (Freund  and  Bachrach, 
Annalen,  285,  184). 

Ethyl  thiophens  C4SH3(C2H5). 

2-Etliyl  thiophen ; b.p.  132°-134°  (corr.), 
sp.gr.  0-990  at  24°.  By  action  of  CgHgBr  and 
Na  upon  C4SH3I  (Meyer  and  Kreis,  Ber.  17, 
1560)  ; also  by  action  of  Br  upon  thiophen, 
C2H5Br  and  Na  (Schleicher,  ibid.  18,  3015  ; ibid. 
19,  671). 

^-Ethyl  thiopheyi ; b.p.  135°-136° ; sp.gr. 
1-0012  at  16°.  By  heating  ethyl  succinic  acid 
with  P2S3  (Damsky,  Ber.  19,  3284 ; Gerlach, 
Annalen,  267,  146). 

Di-ethylthiophen  ; b.p.  181°;  sp.gr.  0-962  at 
14°/14°.  An  oil  obtained  by  action  of  Na  upon 
C2H5I  and  iodoethylthiophen  (Muhlert,  Ber. 
19,  633). 

Ethyl  telluride  (C2H5)2Te,  Tellur  ethyl ; b.p. 
137°-138°  (Marquardt  and  Michaelis,  Ber. 
21,  2045;  Heeren,  J.  1861,  565);  from  KgTe 
and  KC2H5SO4  (Wohler,  Annalen,  84,  69  ; 35, 
111  ; Mallet,  Chem.  Soc.  Trans.  1853,  5,  71). 

A heavy,  viscid,  reddish-yellow  liquid,  with  a 
very  unpleasant  smell,  burns  in  air  with  blue 
flame,  evolving  fumes  of  TeOg ; hardly  soluble 


in  water,  and  oxidised  by  exposure  to  air ; is 
poisonous.  HNO3  forms  (C2H5)2Te,HNOs 
(monochnic  prisms).  Strong  HCl  precipitate3 
the  oily  compound  (C2H5)2TeCl2  from  a solution 
of  the  nitrate ; ammonia  converts  this  into 
[(C2H5)2Te]2Cl20  (hexagonal  prisms),  which, 
when  treated  with  Ag2S04,  yields 

[(C2H5)2Te]2,H2S04 

(colourless  prisms).  By  action  of  Ag20  upon  a 
solution  of  the  chloride,  (C2H5)2TeO  is  produced, 
which  decomposes  on  concentration. 

When  (C2H5)2Te  is  acted  upon  by  C2H5I, 
triethyl  tellurium  iodide is  formed, 
m.p.  90°-92°  (Cahours,  Bull.  Soc.  chim.  [2]. 4, 
40),  which  crystallises  in  yellow  prisms. 

Ethyl  ditelluride  (C2H5)2Te2  is  said  to  be 
formed  in  the  preparation  of  (C2H5)2Te,  and  to 
be  a dark-red  liquid,  with  high  boiling-point. 

Ethylamines. 

Compounds  in  which  one  or  .more  atoms  of 
H in  NH3  are  replaced  by  C2H5. 

Ethylamine  C2H5-NH2 ; b.p.  18-7°,  sp.gr. 
0-6964  at  8°,  0-708  at  2°  (Hofmann,  Ber.  22, 
699)  ; m.p.  —85-2°,  b.p.  19°  to  20°  (Ladenburg 
and  Krugel) ; sp.gr.  0-7013  at  4°,  0-6892  at  15° 
(Perkin)  ; crit.  temp.  185-2°  (Schmidt)  ; 
183-2°  and  crit.  press.  55-4  atm.  (Berthoud)  ; 

' H.C.  =408-5  Cals.  (Berthelot,  Ann.  Chim.  Phys. 
[5]  23,  244).  From  ethyl  carbimide  and  KOH 
(Wurtz,  Annalen,  71,  330  ; also  Compt.  rend. 
28,  223)  ; from  C2H5Br  and  NH3  (Hofmann, 
Annalen,  74,  159) ; by  the  putrefaction  of  yeast 
and  of  flour  (Hesse,  J.  1857,  403  ; Sullivan,  J. 
1858,  231)  ; by  heating  alcohol  with  NH4CI  at 
300°  (Berthelot,  Ann.  Chim.  Phys.  [3]  38,  63)  ; 
by  action  of  nascent  H upon  acetonitrile(Mendius, 
Annalen,  121,  142).  It  is  also  produced  in  the 
dry  distillation  of  the  residues  from  beet-root  in 
sugar  manufacture  (Duvillier  and  Buisine,  Ann. 
Chim.  Phys.  [5]  23,  317) ; by  action  of  KC2H5SO4 
upon  alcoholic  NH3  at  120°  (Erlenmeyer  and 
Carl,  J.  1875,  617)  ; by  action  of  Na  upon 
CH3-CONH2  in  boiling  amyl  alcohol  (Guerbet, 
Compt.  rend.  129,  62)  ; from  EtOH  and  phos- 
pham  at  225°-250°  (Vidal,  D.  R.  P.  64346) ; by 
action  of  Zn  filings  and  HCl  in  the  cold  on 
aldehyde  ammonia  (Trillat  and  Fayollat)  (Jean) ; 
by  electrolytic  reduction  of  nitroethane  in 
H9SO4  at  70°-75°  (Pieron,  Bull.  Soc.  chim.  [3], 
21;  784). 

Preparation. — (1)  1 volume  of  ethyl  nitrate 
C2H5NO3  is  treated  with  3 volumes  of  alcoholic 
ammonia  for  12  hours  at  100°  ; the  free  bases 
are  separated  from  the  NH3  by  neutralising  with 
H2SO4  or  HCl  and  extracting  with  alcohol ; the 
sulphates  or  chlorides  are  then  decomposed  by 
NaOH,  and  the  free  bases  combined  with  picric 
acid  and  crystallised.  The  picrate'of  (C2H5)3N 
separates  first,  in  yellow  needles,  then  the 
C2H5NH2  salt  in  brown  prisms  ; the  picrates  are 
then  separated  and  decomposed  by  HCl,  and 
the  bases  liberated  by  KOH  (Carey  Lea,  Chem. 
News,  5,  118). 

(2)  Crude  CgHgCl,  from  manufacture  of 
chloral,  is  heated  for  an  hour  with  3 times  its 
volume  of  alcohol  (95  p.c.)  previously  saturated 
with  ammonia,  in  an  iron  vessel  heated  by  a 
water-bath.  On  cooling,  the  NH4CI  is  filtered 
off,  and  the  remainder  distilled  until  free  from 
NH3  and  alcohol,  the  residue  (hydrochlorides  of 
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mon-,  di-,  and  tri-ethylamine,  mixed  with  a 
little  NH4CI)  is  treated  with  a strong  solution 
of  NaOH,  and  the  liquid  drawn  off  and  dried 
by  means  of  solid  NaOH  ; it  consists  of  a mix- 
ture of  the  three  bases  ; ethyl  oxalate  is  then 
added,  and  the  (C2H5)3N,  which  is  unacted  upon, 
is  distilled  oh ; the  residue  consists  of  a mixture 
of  solid  diethyl  oxamide  CgOgCNHOgHgla  and 
liquid  etlujl  diethyloxamate  C202N(C2H5)20C2Hg, 
which  are  separated  and  the  diethyl  oxamide, 
after  recrystallising  from  hot  water,  decom- 
posed with  KOH  (Hofmann,  Ber.  3,  109,  776  ; 
also  Huvillier  and  Buisine,  Compt.  rend. 
88,  31). 

According  to  Garner  and  T3rrer  (Chem.  Soc. 
Trans.  1916,  109,  174),  a mixture  of  mono-,  di-, 
and  tri-ethylamine  can  be  separated  by  fraction- 
ating with  a 10-bulb  column. 

(3)  By  the  interaction  of  ethyl  bromide  and 
excess  of  ammonia  in  alcoholic  solution.  By 
regulating  the  addition  of  the  ethyl  bromide 
to  the  ammoniacal  solution  it  is  possible  to 
obtain  the  primary  and  secondary  bases  with- 
out any  sensible  admixture  of  the  tertiary 
base  (see  Werner,  Chem.  Soc.  Trans.  1918,  113, 
899).  ' 

Properties. — Is  a mobile  liquid,  with  strong 
ammoniacal  odour,  is  strongly  caustic,  and  has 
an  alkaline  reaction ; burns  with  yellow  flame, 
is  miscible  in  all  proportions  with  water,  displaces 
NH3  from  its  salts,  and,  like  ammonia,  precipi- 
tates metallic  hydroxides  and  oxides  from  salts. 
It,  however,  dissolves  the  hydroxides  of  A1 
(Wurtz),  Au,  and  Ru  (Carey  Lea),  and  does  not 
dissolve  those  of  Cd,  Ni,  and  Co.  The  chloride 
is  decomposed  on  distillation  into  CgHgNHg, 
(C2H5)2NH,  NH3,  C2H4,  and  C2H5CT  (Fileti  and 
Piccini,  Ber.  12,  1508).  Cr03  oxidises  ethyl- 
amine  to  aldehyde  and  N (Carstanjen,  J.  1862, 
330). 

Caro’s  acid  oxidises  EtNHg  yielding 
CH3COOH,  CH3CN,  CH3CH:N0H,  nitroethane, 
and  CH3C(0H)N0H  (Bamberger,  Ber.  35, 
4293).  it  forms  a compound  C2H5NHK 
(Titherley). 

Salts  (v.  Wurtz,  Annalen,  76,  329). — 

(C2H5)NH2,HC1,  deliquescent  plates ; m.p. 
76°-80®  ; b.p.  315°-320°  (with  decomposition) ; 
sp.gr.  1-2045  at  2174°  (Schiff  and  Monsacchi)  ; 
molecular  refract.  35-97  (calc.  35-95)  (Kanon- 
nikow,  J.  pr.  Chem.  f2]  31,  347)  ; soluble  in 
alcohol ; soluble  in  0-42  part  of  water  at  17° 
(S.  and  M.  Zeitsch.  physikal.  Chem.  24,  513). 
Prepared  by  heating  1 volume  of  C2H5CI  with 
3 volumes  alcoholic  ammonia  to  100°  (Groves, 
Chem.  Soc.  Trans.  1861,  13,  331).  The  hydro- 
chloride and  hydroiodide  exhibit  isodimorphism  ; 
both  are  monoclinic  at  ordinary  temperatures, 
changing  at  higher  temperatures  to  uniaxial 
modifications.  C2H5NH2,HgCl2,  by  action  of 
alcoholic  HgCl2  on  alcoholic  C2H5NH2 ; a 
crystalline  precipitate,  soluble  in  hot  HCl 
solution.  With  excess  of  HgCla  in  aqueous 
solution  a white  precipitate 

2C2HgNH2,HgCl2+2HgO 

is  thrown  down ; by  heating  C2H5NH2  with 
excess  of  HgClg,  a yellow  precipitate 

ClHg-OHg-NH-CaHg 

separates  ; whilst  a crystallisable  compound 
ClHg-NH-CgHg  remains  in  solution  (Kohler,  Ber. 


12,  2308).  2C2H5NH2,PtCl2,  yellow  powder, 
combines  with  (C2H5)NIl2,  and  forms 
4C2HgNH2,PtCl2,2H20 
colourless  crystals,  soluble  in  water. 

(C2H5-NH2,HCl)2,PtCl4,  orange-yellow  flat 
rhombohedrons  (Weltzien,  Annalen,  93,  272), 
hexagonal  rhombohedrons  (Topsoe,  J.  1883, 
619) ; sp.gr.  2-255  at  19°/4°  (Clarke,  Ber.  12, 
1399).  C2H5NH2,HCl,AuCl3,  golden-yellow  mo- 
noclinic prisms,  soluble  in  water  (T.). 

(C2H5NH2)2,H2S04,  deliquescent  body,  sol- 
uble in  alcohol ; forms  double  salts  with  other 
sulphates,  e.y.  ethyl- ammonium  alum 

• (C2HgNH2)2,H2S04,Al2(S04)3,24H20 

octahedral  crystals,  soluble  at  25°  in  6-89  parts 
of  water. 

Ethylchloramine  C2H5NHCI.  A very  pun- 
gent-smelling oil ; sp.gr.  1-067  at  0°  ; formed  by 
action  of  NaClO  upon  C2H5NH2,HC1.  Heated 
with  HCl,  yields  ethylamine  (Berg,  Ann.  Chim. 
Phys.  [7]  3,  319). 

Ethyldichloramine,  ethylnitrogenchloride 

CaHg-NClj ; b.p.  88°-89°  at  762  mm.  ; 
sp.gr.  1-230  at  15°;  by  passing  Cl  through 
aqueous  CoHgNHa  (Wurtz,  Compt.  rend.  11, 
810),  prepared  by  distilling  a mixture  of 
CgHgNHajHCl  with  2|  times  its  weight  of  bleach- 
ing powder  and  a little  water  (Tscherniak,  Ber. 
9,  146),  a yellow  oily  liquid  with  a penetrating 
smell,  insoluble  in  water  and  acids,  decomposes 
on  long  standing  into  HCl,  NH4C1,C2H5NH2,HC1, 
CHCI3,  CH3CN,  and  CH3-COCI  (Kbhler,  Ber.  12, 
1870).  The  pure  substance  keeps  unchanged 
for  long  periods  under  water  (Tscherniak,  ibid. 
12,  2129).  Alkalis  decompose  it  into  acetic 
acid  and  NH3  ; behaves  towards  many  bodies  as 
free  Cl.  Zn(C2H5)2  forms  (C2H5)3N  and  ZnCl2. 

Ethyl  di-iodoamine  C2H5NI2,  and  Ethyl  di- 
hroynamine  C2H5NBr2,  are  formed  similarly ; 
the  former  is  a dark-blue  liquid  (Wurtz). 

Ethyl  nitramine  C2H5NH.NO2  ; m.p.  +6°  ; • 
sp.gr.  i-1675  at  15°.  A colourless  liquid,  with 
an  acid  reaction,  prepared  by  the  action  of  NH3 
upon  diethyl  dinitro- oxamide.  It  gives  two 
classes  of  alkyl  derivatives  (Umbgrove  and 
Franchimont,  Rec.  trav.  chim.  16,  388).  It  is 
also  formed  from  methyl  ethylcarbamate  and 
cone.  HNO3  (Franchimont  and  Klobbie,  ibid. 
7,  356). 

Nitroethylisonitramine  CHg -CHN 0 2 'N(  OH )N 0 
is  obtained  by  the  action  of  NO  upon  the  Na 
derivative  of  nitroethane.  It  forms  metallic 
salts,  which  are  hydrolysed  by  mineral  acids, 
giving  NO  and  ethylnitrolic  acid  (Traube, 
Annalen,  300,  106). 

Diethylamine  (C2H5)2NH ; m.p.  —40°  (Hof- 
mann, Ber.  22,  699) ; b.p.  57*5°  (Hofmann, 
Annalen,  73,  91),  55*5°  at  759  mm.  (Oudemans, 
Rec.  trav.  chim.  1,  59) ; crit.  temp.  223*3,  crit. 
press.  36*6  atm.  (Berthoud)  ; sp.gr.  0*7262  at  0°, 
0*7107  at  15°  (Hofmann,  Ber.  22,  669),  0*7226 
at  4°,  0-7116  at  15°,  0*7028  at  25°.  From  NH3 
and  CgHgl  (Hofmann),  or  NH3  and  C2HgN03 
(Lea,  J.  1861,  493  ; cf.  Garner  and  Tyrer,  l.c.). 
From  CgHgBr  (Werner,  Chem  Soc.  Trans.  1918, 
113,  899).  Prepared  by  the  action  of  KOH 
upon  the  C202N(C2H720C2Hg  obtained  in 
manufacture  of  ethylamine  (q.v.). 

Also  by  action  of  very  dilute  NaOH  solution 
upon  [(C2Hg)2N(N0)]2,H2S04  (Kopp,  Ber.  8, 
622).  Also  by  action  of  EtOH  upon  phospham 
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at  225°-250°  (Vidal,  D.  R.  P.  64346).  By  heating 
;p-toluenesulphodiethylamide  with  chlorsulphonic 
acid  at  130°- 150°  (Marckwald  and  v.  Droste- 
Hiilshoif,  Ber.  31,  3263).  By  dissolving  50  grams 
diethylaniline  in  148  grams  HCl  (sp.gr.  Id), 
diluting  with  75  c.c.  H2O,  adding  32  grams 
NaNOg  in  50  c.c.  H2O  and  pouring  slowly 
through  a reflux  condenser  into  a boiling  solution 
of  85  grams  NaOH  in  2 litres  of  H2O  (Norris  and 
Kimberley,  Amer.  Chem.  J.  20,  60). 

Price,  Brazier,  and  Wood  (J.  Soc.  Chem. 
Ind.  1916,  35,  147)  have  described  a convenient 
mode  of  preparing  large  quantities  of  diethyl- 
amine  in  the  laboratory  by  a simple  modification 
of  this  method 

NO-C6H4-NEt2+NaOH 

=NHEt2+NO-C6H4-ONa 

It  a colourless,  inflammable  liquid  with 
strong  ammoniacal  smell,  very  soluble  in 
water  ; is  a strong  base,  and  acts  like  C2H5NH2, 
except  that  it  does  not  dissolve  Zn(OH)2  (Carey 
Lea).  H2O2  oxidises  it  to  diethylhydroxylamine 
(Dunstan  and  Golding).  The  nitrate  decom- 
poses suddenly  at  170°,  and  yields  nitrosodiethyl- 
amine  (C2H5)2NNO  (Eranchimont,  Rec.  trav. 
chim.  2,  95)  ; the  hydrochloride  (C2H5)2NH,HC1 
forms  non-deliquescent  plates  ; m.p.  215°-217° 
(Wallach,  Annalen,  214,  275) ; b.p.  320°-330° 
(W.)  ; sp.gr.  L0475  at  21°/4°  (Schiff  and  Mon- 
sacchi)  ; and  combines  with  many  metallic 
chlorides,  e.g.  [(C2H5)2NH,HCl]2PtCl4,  orange- 
yellow  monoclinic  crystals  (Topose,  J.  1883,  619). 

Dieihylchloramine  (C2H5)2NC1.  A pungent- 
smelling oil ; b.p.  91° ; sp.gr.  0'943  at  0° ; 
formed  by  action  of  NaClO  upon  (C2H5)2NH. 
It  decomposes  on  keeping  with  formation  of 
(C2H5)2NH,HC1  (Berg,  Ann.  Chim.  Phys.  [7]  3, 
320). 

Diethylnitramine  Et2N’N02 ; b.p.  206‘5° 
at  757  mm.,  93°  at  16  mm.  ; sp.gr.  L057 
at  15°.  Formed  by  action  of  EtI  upon 
EtNK’NOg ; also  by  action  of  highest  con- 
centrated HNO3  upon  as-diethylurea.  It  is 
decomposed  by  KOH  at  150°-160°  into  EtNH2, 
HNO3,  and  CH3CHO  (Franchimont,  Rec.  trav. 
chim  6,  149  ; F.  and  Umbgrove,  ibid.  16,  396). 

DietJiylisonitramine.  An  oil,  b.p.  46°-50°  at 
18  mm.  ; sp.gr.  1*000  at  15°  ; formed  by  inter- 
action of  EtI  and  C2H5NAgN02.  KOH  at 
100°  decomposes  it  into  alcohol,  N,  and  CH3CHO 
(U.  and  F.  Z.c.  399). 

Nitrosodietkylamine  (C2H5)2NNO  ; b.p. 
176*9°  (corr.)  ; sp.gr.  0*951  at  17*5° ; V.I). 

= 3*36  (calc.  = 3*53)  (Knecht,  Ber.  10,  979)  ; 
by  distilling  neutral  solution  of  (C2H5)2NH,HC1 
with  a concentrated  solution  of  KNO2  (Geuther, 
Annalen,  128,  251  ; J.  1871,  695) ; also  from 
(C2H5)2NH  and  NOCl  in  ether  solution  at 
— 15°  to  —20°  (Solonina,  J.  Russ.  Phys.  Chem. 
Soc.  30,  431)  ; a yellow  oil  with  aromatic 
smell,  decomposed  by  HCl  into  (C2H5)2NH  and 
HNO2.  Alcoholic  KOH  at  140°  forms  NH3 
and  (C2H5)NH2.  Na  amalgam  forms  N2O  and 
(C2H5)2NH. 

Triethylamine  (C2H5)3N ; b.p.  89°-89*5°  at 
736*5  mm.  (Briihl,  Annalen,  200,  186),  89°-90*5° 
at  767*8  mm.  (Hofmann)  ; sp.gr.  0*735  at  15° 
(Hofmann,  Ber.  22,  700),  0*7426  at  4°,  0*7331 
at  15°,  0*7527  at  25°  (Perldn) ; crit.  temp.  267*1° 
(Pawlewski,  Ber.  16,  2633)  ; remains  liquid  at 
— 75°  under  10  mm.  pressure  (H.).  By  the 


action  of  NH3  upon  CgHgl  (Hofmann,  Annalen, 
73,  91)  or  upon  C2H5NO3  (Carey  Lea). 

Preparation. — (1)  Crude  ethylamine  (from 
C2H5CI  and  NH3)  in  alcoholic  solution  is  treated 
with  C2H5CI  (Duvillier  and  Buisine)  ; (2)  by  dis- 
tillation of  (C2H5)4N*0H. 

Properties. — An  oily  liquid  with  strong  am- 
moniacal smell,  slightly  soluble  in  water  ; strong 
base.  On  strongly  heating  its  salts,  (C2H5)3N  is 
destroyed, with  formation  of  a little  (C2H5)2N*NO 
(Geuther,  Zeitsch.  Chem.  1886,  513). 

The  hydrochloride  forms  feathery  non- deli- 
quescent scales,  and  combines  with  many  metallic 
salts  to  form  double  compounds.  N(C2H5)3,HC1, 
sp.gr.  1*06885  at  21°/4°.  1 part  of  water 

dissolves  1*5  parts  salt  (Schifl  and  Monsacchi). 
(C2H^)3N,HN03,  m.p.  98°-99°  (Franchimont, 
Rec.  trav.  chim.  2,  339). 

Tetra-ethylammonium  hydroxide 

(C2H5)4N*0H 

formed  from  the  iodide  (C2H5)4NI  by  the  action 
of  Ag20.  It  forms  very  deliquescent  needles, 
is  a strong  base,  which  eagerly  absorbs  CO2, 
displaces  NHg,  precipitates  metallic  hydroxides, 
and  gives  a blue  solution  with  sugar  and  CUSO4  ; 
is  decomposed  by  dry  distillation,  forming 
triethylamine,  ethylene,  and  HgO  ; when  heated 
with  C2H5I,  gives  (C2H5)4l  and  alcohol. 

Salts. — (C2H5)4NC1,  forms  deliquescent  crys- 
tals, sp.gr.  1*0801  at  21°/4°  (Schiff  and 
Monsacchi),  and  yields  many  double  salts, 
e.g.  [(C2H5)4NCl]2HgCl2,  tetragonal  crystals  ; 
((j2H5)4NCl,HgCl2,  triclinic  crystals  (Topsoe,  J. 
1883,  620) ; [(C2H5)4NCl]2Ptd4,  orange-yellow, 
crystalline  (monoclinic  (T.)),  difficultly  soluble  in 
water,  almost  insoluble  in  alcohol ; (C2H5)4NBr, 
light-orange  needles,  m.p.  78°,  combines  with 
Br  to  form  an  unstable  pentabromide  (Marquart, 
Ber.  3,  284) ; gives  with  alcoholic  I solution  a 
precipitate  of  (C2H5)4Nl3,  quadratic  prisms 
(Weltzien,  Annalen,  91,  33),  which  is  also  formed 
along  with  iodoform  when  the  monoiodide  is 
electrolysed  between  platinum  electrodes 
(Goecke,  Zeitsch.  Elektrochem.  10,  249)  ; the 
monoiodide  (C2H5)4NI  forms  large  crystals 
soluble  in  cold  water  and  in  alcohol,  insoluble  in 
ether;  sp.gr.  1*559  (Schroder,  Ber.  12,  562). 

a-Ethyl  hydroxylamine  C2H50*NH2 ; b.p.  68°; 
sp.gr.  0*8827  at  7*5°  (Giirke,  Annalen,  205,  277)  ; 
by  the  action  of  HCl  upon  benzoyl  ethylhydroxyl- 
amine  ethyl  ether  C6H5CO*NC2Hg*OC2H5,  or 
upon  the  ethyl  ether  of  benzaldoxime 

C6H5*CH  : NOC2H5 

(Lossen  and  Zanni,  ibid.  182,  223). 

A strongly  smelling  inflammable  liquid, 
miscible  with  water,  alcohol,  or  ether ; gives 
with  AgNOg  a white  precipitate,  which,  on  heat- 
ing, is  changed  to  metallic  silver ; with  acids, 
forms  salts,  e.g.  C2H70N,HC1,  scaly  plates, 
m.p.  128°,  decomposed  by  heating  with  HCl  to 
150°  into  C2H5CI,  NH3O,  HCl,  and  NH4CI ; unites 
with  PtCl4  to  form  (C2H70N,HCl)2PtCl4  ; pris- 
matic crystals,  soluble  in  water  and  in  absolute 
alcohol  (Lossen  and  Zanni).  The  sulphate 
(C2H70N),H2S04  crystalhses  with  difficulty,  and 
is  soluble  in  water  and  in  alcohol. 

fl-Ethyl  hydroxylamine  C2H5NH*OH ; m.p, 
59°-60°,  with  decomposition;  sp.gr.  0*9079 
at  63*9°  (Briihl),  Formed  by  heating  for  8 
hours  at  140°,  /8-ethyl- a-benzylhydroxylamine- 
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with  cone.  HCl  (Belirend  and  Lenchs,  Annalen,  i 
257,  239) ; from  hydroxylamine  and  EtI 
(Lobry  de  Bruyn,  Bee.  trav.  chim.  13,  48 ; 
Hantzch  and  Hilland,  Ber.  31,  2065  ; Dunstan 
and  Golding,  Chem.  Soc.  Trans.  75,  807) ; by 
heating  1 part  w-nitrobenzylaldoxime-N-ethyl 
ether  with  7 parts  cone.  HCl  (Kjellin,  Ber.  26, 
2378)  ; by  electrolytic  reduction  of  nitroethane 
in  H2SO4  solution  at  15°-20°  (Pierron,  Bull.  Soc. 
chim.  [3]  21,  784). 

It  is  very  easily  soluble  in  water  or  alcohol, 
less  so  in  ether,  "benzene,  or  cold  ligroin.  It 
reduces  Barreswil’s  solution,  and  is  reduced  by 
HI  to  C2H5NH2. 

d/Q-Diethyl  hydroxylamine  (C2H5)2N-OH ; 
b.p.  130°-134°.  with  decomposition  (Dunstan 
and  Golding),  b.p.  at  15  mm.  47°-49°  (Lachman) ; 
sp.gr.  0-8771  at  15715°  (H.  and  G.),  0-8784 
(L.).  An  oil  formed  by  action  of  EtI  upon 
NH2OH,  and  also  from  (C2H5)2NH  and  H2O2 
(D.  and  G.  Chem.  Soc.  Trans.  75,  800).  From 
addition  product  of  diphenylnitros amine  and 
Zn(Et)2  by  decomposition  with  water,  along 
with  diphenylamine  and  Zn(0H)9  (Lachman, 
Ber.  33,  1022).  v '2  v 

Is  a feeble  base,  soluble  in  water,  alcohol,  or 
ether.  Reduces  AgNOg  and  HgCl2,  and,  on 
heating,  CUSO4.  Reduced  with  HI,  yields 

(C2H5)2NH. 

a^s-Diethyl  hydroxylamine  C2H5NH-OC2H5 ; 
b.p.  83°  ; sp.gr,  0-829  at  0°  ; formed  by  inter- 
action of  a-ethylhydroxylamine  and  EtBr,  It  is 
easily  soluble  in  water,  alcohol,  or  ether.  Heated 
with  cone.  HCl  at  200°,  yields  HN2(C2H5)  and 
C2H5CI  (Lessen,  Annalen,  252,  230). 

The  hydrochloride  C4H41NOHCI  of  an  iso- 
meric compound  is  obtained  by  action  of  Sn  and 
HCl  upon  C2H5NO3  (Lessen,  ibid.  Suppl.  6,  238). 
The  salts  are  more  soluble  in  water  than  those 
of  hydroxylamine.  The  free  base  is  a syrup, 
easily  soluble  in  water,  and  has  strong  basic 
properties.  The  platinum  salt  is  in  the  form  of 
orange-yellow  plates,  soluble  in  warm  alcohol 
and  in  water. 

Triethyloxamine  (C2H5)3NO  is  a colourless 
crystalline  mass  obtained  from  )8)8-diethyl- 
hydroxylamine  and  EtI.  Also  from  NEtg  and 
H2O2  (Dunstan  and  Golding  ; Lachman). 

It  is  very  easily  soluble  in  water,  less  so  in 
CHCI3  and  insoluble  in  ether.  Decomposes  on 
heating.  Reduces  Barreswil’s  solution  on  heating. 
It  gives  a precipitate  with  CUSO4  and  AgNOg. 
On  reduction,  yields  triethylamine. 

Triethyl  methyl  ammonium  iodide 

N(C2Hd3CH3l 

obtained  by  action  of  N(C2H5)3  upon  CH3I 
(Hofmann,  Annalen,  78,  277)  (for  other  Salts, 
V.  Topsoe,  J.  1883,  620).  The  picrate  melts  at 
267°-268°  (Lessen,  Annalen,  181,  374). 

Diethyl  dimethyl  ammonium  iodide,  obtained 
from  N(CH3)2H  and  CgH^I ; or  from  N(C2H5)2H 
and  CH3I  ( V.  Meyer  and  Lecco,  Annalen,  180, 
177)  (for  other  Salts,  v.  Topsoe,  lx.).  The 
picrate  melts  at  285°-287°  (Lessen,  Annalen, 
181,  374). 

Ethyl  trimethyl  ammonium  iodide  is  formed 
from  (CH3)3N  and  CgHgl  (Muller,  ibid.  108,  1) 
(for  other  Salts,  v.  Topsoe).  The  picrate  melts 
at  299°-300°  (Lessen). 

Triethyl  propyl  ammonium  iodide 

N(C2H5)3(C3H,)I 


crystallises  in  large  needles  (Mendius,  Annalen, 
121,  136). 

Diethyl  woamylamine  N(C2H5)2(C5Hii) ; b.p. 
154°;  from  the  distillation  of  ]S[(C2H5)3(C5lIij)OH 
(Hofmann) ; [N(C2H5)2C5Hii,HCl]2PtCl4,  yellow 
needles. 

Triethyl  tsoamyl  ammonium  iodide 

N(C2H5)3(C5H44)I 

formed  by  the  action  of  N(C2H5)3  upon  C5H44I 
(Hofmann,  Chem.  Soc.  Trans.  1852,  4,  313  ; 
Annalen,  78,  279)  ; the  hydroxide  decomposes 
on  heating  as  follows  : — 

C5Hii(C2H5)3N-OH 

=N(C5H44)(C2H,)2+C2H4-fH20 

Diethyl  methyl  ^5oamyl  ammonium  iodide 

is  formed  from  N(C2Hg)2(C5Hii)  and  CH3I 
(Hofmann). 

Ethyl-methyl- woamylamine 

NC2Hg(CH3)(CgH44)  ' 

b.p.  135°  ; is  obtained  by  distillation  of  the 
hydroxide  of  the  radical  of  the  preceding  com- 
pound (Hofmann). 

Aeetethylamide  CH3-CONHC2H5 ; b.p.  205°, 
sp.gr.  0-942  at  4-5°  (Wurtz) ; b.p.  204°-205° 
(Titherley)  ; from  ethyl  acetate  and  ethylamine 
(Wurtz,  Ann.  Chim.  Phys.  [3]  30,  491  ; Compt. 
rend.  36,  180 ; Annalen,  76,  334)  or  from 
CoHgNCO  and  HC0H3O2  (Wurtz,  ibid.  88,  315)  ; 
from  CHgCONHNa  and  EtI  at  150°.  The 
hydrochloride  forms  deliquescent  needles,  melt- 
ing at  60°.  With  NaNH,  yields  CH3CONNaC2H5, 
which,  with  KMeSO^, gives  CHgCONMeELan  oil 
boiling  at  180°,  and  soluble  in  water  (Titherley, 
Chem.  Soc.  Trans.  1901,  393).  By  action  of  Cl 
yields  ethyl  acetyl  nitrogen  chloride  NClEt(C2H30) 
(Norton,  Tcherniak,  Bull.  Soc.  chim.  [ii.]  30,  106  ; 
Compt.  rend.  86,  1409),  an  oily  unstable  liquid, 
slightly  soluble  in  water. 

Acetdiethylamide  N(C2H5)2C2H30 ; b.p. 
185°-186°;  sp.gr.  0-9248  at  8-5°  (Wallach, 
Annalen,  214,  235). 

Diacetylethylamide  NC2H5(C2H30)2 ; b.p, 
185°- 192°  (Wurtz)  ; sp.gr.  1-0092  at  20°  (W.)  ; 
by  heating  EtN(]0  with  (C2H30)20  to  200° 
(Wurtz,  Ann.  Chim.  Phys.  [3]  42,  43). 

Ethyl  hydrazines ; Ethylamide. 

1.  Ethyl  hydrazine  C2H5HN-NH2 ; b.p. 
99-5°  at  709  mm.,  is  prepared  by  reducing 
nitroso diethyl  urea  N(C2H5)H*CO-N(NO)C2H5 
by  means  of  zinc-dust  and  acetic  acid ; this 
yields  ethyl  hydrazine  urea  (semi-carbazide) 
N(C2H5)H-CO-N(NH2)C2H5,andthis,by  action  of 
HCl,''  forms  C2H5HN-NH2,  COg,  and  C2H5NH2  ; 
by  passing  in  HCl  the  chloride  separates  out, 
which  is  then  decomposed  by  strong  KOH  solu- 
tion and  solid  KOH,  and  the  resulting  oily 
liquid  distilled  over  BaO  (Fischer,  Annalen, 
199,  287)  ; also  by  reducing  ethyl nitramine  with 
Zn  and  HCl  (Thiele  and  Meyer,  Ber.  29,  963). 

Is  a colourless  liquid,  with  faintly  ammoniacal 
odour  ; has  great  affinity  for  water,  in  which 
it  is  soluble,  as  also  in  alcohol,  ether,  chloro- 
form, and  benzene  ; fumes  in  air  and  destroys 
cork  and  caoutchouc ; reduces  Barreswil’s  solution 
in  the  cold.  Br  water  liberates  N.  It  precipi- 
tates metallic  oxides,  and  gives  the  ^sonitrile 
reaction  with  KOH  and  CHCI3.  Forms  two 
chlorides  ; (1)  C2H3N2,2HCl,  white  needles,  very 
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soluble  in  water  and  alcohol ; on  heating  to  110° 
yields  (2)  CgHgNajHCl,  an  amorphous  horny 
deliquescent  body.  The  sulphate  crystallises 
from  alcohol  in  thin  plates,  and  is  very  soluble 
in  water.  By  heating  CgHsNH'NHg  with  K2S2O7 
at  80°-100°,  'potassium  ethyl  hydrazine  sulpho- 
nate  CgHgNH'NHSOgK  is  obtained  ; this  forms 
fine  needles,  very  soluble  in  water,  much  less 
soluble  in  alcohol  or  ether  (Fischer). 

2.  as-Diethylhydrazine  (C2H5)2N‘NH2  ; b.p. 
96°-99°  ; prepared  by  action  of  zinc-dust  and 
acetic  acid  upon  a solution  of  nitrosodiethyl- 
amine  (C2H5)2(NO)N  ; 30  grams  (C2H5)2(NO)N 
dissolved  in  300  grams  water  are  mixed  with 
150  grams  Zn  dust  and  150  grams  C2H4O  (of 
50  p.c.)  kept  at  20°-30°,  and,  towards  the  end,  at 
40°-50°.  Excess  of  Zn  is  then  dissolved  by  HCl, 
an  excess  of  NaOH  added,  and  the  mixture 
distilled ; the  distillate  is  neutralised  with  HCl 
and  NH4CI  separated  by  crystallisation.  From 
the  mother  liquor  (C2H5)2N2H2  mixed  with 
(C2H5)2HN  is  freed  by  solid  KOH.  By  the 
action  of  HCNO  diethylhydrazine  urea  (semi- 
carbazide)  NH2-CO-NH-N(C2H5)2  is  formed.  4 
grams  of  this  compound  are  heated  with  15 
grams  of  HCl  in  a sealed  tube  at  100°,  diluted 
and  the  IS1H4C1  separated ; on  treatment  with 
KOH,  pure  (C2Hg)2N2H2  is  obtained  (Fischer, 
Annalen,  199,  308). 

Is  a colourless  liquid  with  a faintly  am- 
moniacal  smell,  very  hygroscopic  and  soluble 
in  water,  alcohol,  ether,  chloroform,  and  ben- 
zene ; reduces  Barreswil’s  solution  only  on 
warming  ; is  monobasic  ; the  salts  are  soluble  in 
water  and  alcohol,  and  difficult  to  crystallise. 
[(C2H5)2N2H2-HCl]PtCl4  forms  fine  yellow 
needles,  soluble  in  water.  With  SOClg  in  ice- 
cold  ether,  yields  (C2H5)2N'NSO,  an  aromatic 
oil,  b.p.  73°  at  20  mm.  It  is  slowly  hydrolysed 
by  water  (Michaelis  and  Storbeck,  Ber.  26, 
310). 

sym- Diethylhydrazine  C2H5'HN‘NH*C2H5 ; 
b.p.  at  758  mm.  84°-86°.  Formed  by  heating 
at  100°  for  3 hours  1 part  sym-diethyl-diformyl- 
hydrazide  and  2 parts  fuming  HCl ; an  oil ; 
heated  with  cone,  HCl,  at  155°,  yields  NH4Ci 
and  CgHgCl.  With  yellow  HgO  forms  HgEt2. 
With  HNO2  yields  ethyl  nitrite.  The  hydro- 
chloride melts  at  160°  with  decomposition 
(Harries,  Ber.  27,  2279). 

Triethyl-azonium  iodide  (CgHgJgNNHgl  is 
formed  by  action  of  diethylhydrazine  upon  1|^ 
times  its  weight  of  C2H5I  (Fischer,  Annalen, 
199,  316).  It  forms  needles  very  soluble  in 
water  and  in  hot  alcohol ; insoluble  in  ether  and 
strong  alkalis.  By  action  of  AggO,  gives  the 
strongly  alkaline  free  base,  which,  on  heating, 
yields  (C2Hg)2N‘NH2  and  C2H4.  By  the  action 
of  nascent  H (Zn  and  H2SO4),  the  iodide  yields 
HI,  NH3,  and  (C2H5)3N. 

Tetra-  ethyl  tetrazone  ( C 2H  5)  2N  NtN  •N(  C gH  5)  2 ; 
by  the  action  of  yellow  HgO  upon  a cold  aqueous 
solution  of  (C2H5)2N’NH2  (Fischer,  Annalen,  199, 
319)  ; is  an  oily  liquid  with  a disagreeable  smell, 
not  volatile  without  decomposition,  and  which 
does  not  freeze  at  —20°.  When  decomposed 
by  heat,  yields  N and  (C2H5)H2N.  Forms  an 
explosive  oily  compound  with  I.  Is  a strong 
base,  though  its  salts  are  very  unstable.  It  re- 
duces silver  solutions  with  formation  of  a mirror. 
The  solution  decomposes  on  heating,  yielding 
N,  N(C2H5)2H,  and  aldehyde.  The  Pt  double 


salt  [(C2H5)4N4,2HCl]2PtCl4  forms  yellow  prisms 
soluble  in  water. 

Ethylene  C2H4,  Olefiant  gas,  Heavy  car- 
huretted  hydrogen,  Bicarhuretted  hydrogen, 
Elayl,  Ethene,  Etherin,  discovered  by  Deiman, 
Van  Trootswyk,  Bondt,  and  Lauwerenburgh 
(Crell’s  Ann.  1795,  [2]  195,  310,  430).  Obtained 
by  action  of  H2SO4  upon  alcohol ; the  addition 
of  Al2(S04)3  increases  the  rate  of  production 
(Senderens,  Compt.  rend.  1910,  151,  392). 

The  sulphuric  acid  can  be  replaced  by  syrupy 
phosphoric  acid,  sp.gr.  1*75  (Newth,  Chem.  Soc. 
Trans.  1901,  915) ; or  alcohol  vapour  may  be 
passed  over  heated  phosphoric  acid,  or  over 
thin  layers  of  aluminium  sulphate  at  350°-400°  ; 
by  the  dry  distillation  of  many  organic  bodies 
(hence  occurs  to  the  extent  of  4 or  5 p.c.  in  coal 
gas).  Also  formed  when  CS2  and  H2S  (or  PH3) 
are  led  over  heated  copper  (Berthelot,  Annalen, 
108,  194).  To  prepare  the  gas,  a mixture  of 
25  parts  (by  weight)  of  alcohol  and  150  parts 
sulphuric  acid  is  heated  to  170°,  and  a mixture 
of  1 part  of  alcohol  and  2 of  H2SO4  is  allowed  to 
drop  slowly  into  the  vessel  by  means  of  a funnel. 
The  gas  is  passed  through  H2S04,Na0H  solu- 
tion, and  then  again  through  H2SO4.  For  the 
preparation  of  small  quantities  of  pure  gas,  an 
alcoholic  solution  of  C2H4Br2  is  warmed  with 
granulated  Zn  (Sabanejeff,  J.  Buss.  Phys.  Chem. 
Soc.  9,  33).  Equal  volumes  of  CO  and  H led 
over  coke  impregnated  with  reduced  Ni  and 
Pd  heated  at  95°-100°,  yield  8 ‘3  p.c.  C2H4 
(Orloff,  ibid.  40,  1588). 

Ethylene  is  produced  on  an  industrial  scale 
by  the  method  of  Maihle  by  passing  the  vapour 
of  alcohol  over  amorphous  alumina  heated  to 
360°.  For  details,  see  Spreut,  J.  Soc.  Chem. 
Ind.  1913,  171. 

Properties. — A colourless  gas,  liquefied  by  a 
pressure  of  42^  atmospheres  at  —1*1°;  b.p, 
— 105°  (Cailletet,  Compt.  rend.  94,  1224), 

— 102°-103°  (Wroblewsky,  Olszewsky,  Monatsh. 
4,  338),  —103 ‘9°  (Burrell  and  Bobertson) ; 
m.p,  —169°,  b.p.  at  757  mm.  —104*3°,  sp.gr. 
0*6095  at  —102*7°  (Ladenburg  and  Krugel, 
Ber.  32,  49,  1821);  —102*5°,  sp.gr.  0*565 

(Maass  and  McIntosh,  J.  Amer.  Chem.  Soc, 
1914,  36,  737) ; crit,  temp.  9*5° ; becomes 
liquid  at  1°  and  45  atmospheres,  at  4°  and  50 
atmospheres,  at  8°  and  56  atmospheres,  and  at 
10°  and  60  atmospheres  (C.) ; Lp=  1*26031 
(Batuecas,  Helv.  Chim.  Acta,  1918,  1,  136). 

1 volume  of  water  absorbs  at  t°, 

0*25629-0*009136^+0*000188^2 

volumes  C2H4  (Bunsen),  Alcohol  (of  sp.gr.  0*792 
at  20°)  absorbs  3*59498— 0*05772^+0*00068B2 
volumes  (Carius,  Annalen,  94,  133)  ; H.C.p. 
=341*4  Cals.  ; H.F,  (from  amorphous  C)  = — 9*4 
Cals,  (Berthelot,  Ann.  Chim.  Phys.  [5]  23,  180), 

Ethylene  forms  an  explosive  mixture  with 
oxygen,  and  explodes,  even  in  the  cold,  in  con- 
tact with  ozonised  oxygen  (Houzeau  and 
Benard,  J,  1873,  319).  Led  through  a hot  tube, 
it  splits  up  into  C,  H,  CH4,  C2He,  and  C2H2 
(Berthelot,  Annalen,  139,  277  ; Bone  and 
Coward,  Chem.  Soc.  Trans.  1908,  1197).  When 
heated  in  an  iron  tube  under  a pressure  of  about 
70  atmospheres  it  undergoes  rapid  polymerisa- 
tion at  380°-400°.  The  liquid  polymerisation 
products  consist  of  mixtures  of  saturated, 
ethylenic,  and  polymethylene  hydrocarbons ; viz. 
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7.s'o-pentane,  hexane,  heptane,  octane,  nonane, 
amylene,  hexylene,  nonanaphthene,  and 
decanaphthene,  hen-,  deca-,  dodeca-,  tetradeca-, 
and  pentadeca-naphthenes.  At  atmospheric 
pressure  ethylene  does  not  polymerise,  even  at 
600°  (Ipatieff,  Ber.  1911,  44,  2978),  Decomposed 
by  leading  over  reduced  Ni  at  300°  into  C,  OgHg, 
CH4,  and  H (Sabatier  and  Senderens,  Compt. 
rend,  124,  616,  1358).  By  the  action  of  the 
electric  spark  it  forms  OgHg  and  H,  and  then  C 
and  H (Wilde,  Zeitsch.  Chem.  1866,  735),  It 
combines  with  H to  form  CgHg,  when  the 
mixture  is  passed  through  a hot  tube  (Ann. 
Chim.  Phys.  [4]  9,  431  ; Bull,  Soc.  chim.  [ii.]  39, 
145),  or  when  in  contact  with  Pt  black  in  the 
cold  (Wilde,  Ber.  7,  354).  By  heating  a mixture 
of  O2H4  and  CO2  at  400°,  aldehyde  is  formed 
(Schiitzenberger,  Bull.  Soc.  chim.  [ii,]  31, 

482).  CrOg  converts  it  into  aldehyde  at  120° 
(Annalen,  150,  373).  Fuming  sulphuric  acid 
absorbs  readily  large  quantities  of  C2H4  at 
ordinary  temperatures,  as  does  also  common 
H2SO4  at  160°-170°  (Butlerow,  Ber.  6,  193), 
forming  C2H5HSO4  (Faraday).  C9H4  combines 
at  100°  with  strong  HI  or  HBr  solution,  but  not 
with  HCl  (Bertheiot,  Annalen,  104,  184 ; 115, 
114),  With  bromine  water  forms  a mixture  of 
ethylene  bromohydrin  and  ethylene  dibromide 
(Read  and  Williams,  Chem.  Soc.  Trans.  1917, 
111,  240).  N2O4  reacts  with  ethylene  to  form 
ethylene  nitrosite,  and  N2O5  to  form  ethylene 
nitrate  (Demjanow,  Chem.  Zentr.  1899,  i.  1064). 
In  presence  of  AlBrg,  HBr  unites  at  0°  with 
C2H4,  forming  C2HgBr.  With  ClgO,  chlorethyl 
cTilomcetate  CH2CkC02C2H4Cl  is  formed,  whilst 
CIO2  yields  CH2CPCO2H.  C2H4  combines  with 
BFg  in  sunlight  to  form  CgHgBFg  (Randolph, 
Ber.  12,  1586),  a liquid,  b.p.  124°-125°,  sp.gr. 
1 '0478  at  23°.  Ethylene  acts  as  a divalent 
radical,  and  forms  salts  with  most  of  the  acids. 

Ethylene  acetates  (Wurtz,  Compt.  rend.  43, 
199  ; Atkinson,  Phil.  Mag.  [4]  16,  433). 

1.  Ethylene  monoacetate  C2H4(C2ll302)0H, 
monoacetic  glycol ; b.p.  190°- 190 *5°  (corr.)  (Per- 
kin, Chem.  Soc.  Trans.  45,  505)  ; sp.gr.  P1108 
at  15°/15°,  1*1018  at  25°/25°  (P.) ; produced  by 
action  of  KC2H3O2  upon  C2H4Br2  in  presence 
of  alcohol  (Atkinson,  l.c.  ; cf.  Seelig,  D.  R.  P. 
41507).  A liquid  not  miscible  with  water  ; yields 
glycol  C2H4(0H)2  by  heating  with  C2H4Br2  and 
alcohol  (Demole,  Annalen,  177,  45) ; decomposed 
by  heating  with  CgHgOCl  into  acetochlorhydrin 
and  ethylene  diacetate  (Lourengo,  ibid.  114,  127). 

2.  Ethylene  diacetate  C2H4(C2H302)2  ; b.p. 
186°-187°  ; sp.gr.  1*128  at  0°;  prepared  from 
C2H4Br2  or  C2H4I2  and  AgCgHgOg  (Wurtz, 
Ann.  Chim.  Phys.  [3]  55,  433),  or  from  C2H4Br2 
and  anhydrous  KCgHgOg  at  150°-200°  (De- 
mole). 

A liquid  soluble  in  7 parts  of  water,  isomeric 
with  ethylidene  diacetate  CH3*CH(C2H302)2  ; b.p. 
108*8°;  sp.gr.  1*061  at  12°;  prepared  from 
aldehyde  and'  (C2H30)20.  DicMorethylene  di- 
acetate C2H2Cl2(C2H302)2 ; b.p.  120°  at  20  mm.  ; 
is  produced  by  action  of  chloracetic  acid  upon 
CgHg  (Prudhomme,  Zeitsch.  Chem.  1870,  397). 

Ethylene  acetochlorhydrin 

C1CH2*CH2*0*C2H30 

b.p.  145°;  sp.gr.  1*1783  at  0°;  by  heating  a 
mixture  of  glycol  and  acetic  acid  at  100°  with 
HCl  (Simpson,  Annalen,  112,  147) ; from  C2H4 


and  CH2CPCO2H  (Schiitzenberger  and  Lippman, 
ibid.  138,  325)  ; insoluble  in  water ; yields 
ethylene  oxide  by  action  of  KOH. 

EthyleneacetoiodohydrmICH2*CH2'0*C2H30, 

heavy  oil ; and 

Ethylene  acetobromohydrin 

BrCH2*CH2*0*C2H30 
b.p.  161°-163°  ; are  prepared  from 

C2H4(C2H302)0H 

by  action  of  HI  and  HBr  respectively,  the 
former  in  the  cold  in  presence  of  C2H4( 011)2  and 
CH3*C02H  (Simpson,  Annalen,  113,  123),  the 
latter  at  100°  (Demole,  ibid.  173,  120). 

Ethylene  glycols. 

1.  Ethylene  glycol  CHgOH  CHgOH ; glycol ; 
m.p.  —17*4°;  b.p.  197*37°  (Ladenburg  and 
Krugel,  Ber.  32,  1821);  b.p.  197°-197*5°  at 
764*5  mm.  (Wurtz),  196°-199°  (corr.)  (Perkin, 
Chem.  Soc.  Trans.  45,  504),  195°  at  751*3 
mm.  (Pribram  and  Handl,  Monatsh.  2,  673)  ; 
sp.gr.  1*125  at  0°  (W.),  1*1279  at  0°  (P.  and  H.). 
1*1168  at  15°/15°,  1*112  at  25°/25°  (Perkin). 

Discovered  by  Wurtz  (Compt.  rend.  43,  199  ; 
Ann.  Chim.  Phys.  [3]  55,  400).  Formed  by 
action  of  ethylene  diacetate  upon  KOH  (W.)  ; 
from  C2H4CII  and  moist  silver  oxide  at  160°-200° 
(Simpson,  Annalen,  Suppl.  6,  253)  ; by  heating 
ethylene  monacetate  with  Ba(OH)2  or  with 
water  in  sealed  tubes  (Debus,  Annalen,  110, 
316) ; by  heating  a strong  aqueous  solution  of 
neurine,  when  glycol  and  N(CH3)3  are  formed 
(Wurtz,  ibid.  Suppl.  6,  200)  ; by  heating 
ethylene  chloride  or  bromide  with  PbO  and 
15-20  times  its  volume  of  water  at  140°-170° 
(Eltekow,  Ber.  6,  558) ; or  with  ferric  oxide,  or 
with  an  alkali  formate  and  an  alcohol  under 
pressure ; from  ethylene  bromide  and  water 
at  140°-150°  (Niederist,  Annalen,  186,  393) ; 
together  with  polyethylene  glycol,  by  action  of 
C2H4O  (oxide  of  ethylene)  upon  water  in  sealed 
tubes  (Wurtz,  ibid.  113,  255). 

A mixture  of  glycols,  in  which  ethylene 
glycol  predominates,  may  be  prepared  by 
decomposing  petroleum  vapours  in  an  iron  tube 
heated  at  about  650°,  converting  the  product 
into  dichlorethane,  &c.,  purifying  this  com- 
pound by  distillation  and  treating  the  distillates 
with  alkali  carbonates  in  a closed  vessel  (Hibbert, 
Met.  & Chem.  Eng.  1918,  19,  571). 

Preparation. — 1.  600  grams  ethylene  bromide, 
700  grams  fused  potassium  acetate,  and  1500 
grams  alcohol  (sp.gr.  0*83)  are  heated  in  a flask 
with  reflux  condenser  until  all  action  ceases  ; 
cooled,  filtered  from  KBr  and  filtrate  distilled ; 
the  portion  distilled  above  140°  is  decomposed 
by  slight  excess  of  Ba(OH)2  and  heated  for  12 
hours  on  water- bath.  The  excess  of  baryta  is 
removed  by  COg,  the  liquid  evaporated  to  one- 
third  its  volume,  the  residue  treated  with  a 
mixture  of  alcohol  and  ether,  the  liquid  re- 
moved from  the  crystals  and  distilled,  first  on 
water-bath,  to  separate  alcohol  and  ether,  and 
then  over  the  flame ; the  portion  distilling 
above  185°  is  then  redistUled  (Erlenmeyer, 
Annalen,  192,  244). 

2.  A mixture  of  188  grams  ethylene  bromide, 
138  grams  potassium  carbonate  and  1 litre  of 
water  [or  32  parts  C2H4Br2,  25  parts  KgCOg, 
350  parts  HgO  (Groscheintz,  Bull.  Soc.  chim.  [ii.] 
31,  293)],  is  heated  with  reflux  condenser  for 
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10  hours,  is  then  evaporated  to  small  volume 
on  water-bath,  the  liquid  portion  poured  off  tlie 
crystals  of  KBr,  the  latter  are  washed  with 
absolute  alcohol.  The  filtrate  and  alcoholic 
washings  are  then  distilled  as  in  previous  method; 
a loss  owing  to  formation  of  CgHgBr  is  experi- 
enced by  this  process  (Zeller  and  Hiiffner,  J. 
pr.  Chem.  [2]  11,  229).  Haworth  and  Perkin 
(Chem.  Soc.  Trans.  1896,  175)  obtained  a 60  p.c. 
yield  by  digesting  138  grams  KgOOg  in  1000  c.c. 
H2O  with  188  grams  C2H4Br2  under  a reflux 
condenser.  The  solution  is  evaporated  very 
slowly  to  a syrup,  and  then  extracted  with  a 
mixture  of  alcohol  and  ether. 

3.  1 part  of  ethylene  bromide  and  26  parts 
water  are  heated  to  100°  in  a sealed  vessel  for 
130  hours.  This  method  gives  a yield  of  over 
60  p.c.  of  the  theoretical  amount  (Niederist, 
Annalen,  196,  354). 

4.  Glycol  diacetate  is  decomposed  with 
powdered  Ca(OH)2,  and  the  mixture  distilled 
under  reduced  pressure.  The  yield  of  glycol  is 
93  p.c.  of  theory  (Henry,  Rec.  trav.  chim.  18, 
221). 

5.  It  may  also  be  prepared  by  heating 
ethylene  diacetate  with  methyl  alcohol  and 
hydrochloric  acid  (Henry,  Bull.  Acad.  Roy. 
Belg.  1896,  732). 

6.  1 mol.  of  ethylene  dichloride,  5 vols.  of 
methyl  alcohol  and  3 mols.  of  sodium  formate 
are  heated  together  at  165°- 170°  in  an  auto- 
clave for  7 hours.  After  cooling,  the  methyl 
alcohol  is  separated  and  distilled  at  ordinary 
pressure,  the  glycol  under  reduced  pressure 
(Brooks  and  Humphrev,  J.  Ind.  Eng.  Chem. 
1917,  9,  750). 

Glycol  is  a colourless,  odourless,  syrupy 
liquid  with  sweet  ta.ste,  miscible  with  alcohol 
and  water,  but  almost  insoluble  in  ether.  100 
parts  ether  dissolve  1*1  part  of  glycol  (Knorr, 
Ber.  30,  912).  It  dissolves  NaCl,  ZnClg,  and 
many  other  chlorides  ; also  K2CO3,  KOH,  and 
Ca(OH)2. 

By  action  of  oxidising  agents,  e.g.  platinum 
black,  it  forms  glycollic  acid.  Nitric  acid 
converts  it  into  glycollic  acid,  glyoxylic  acid, 
and  oxalic  acid  (Debus,  Annalen,  110,  316). 
Heated  with  solid  KOH  to  250°,  glycol  yields 
potassium  oxalate  and  hydrogen  (Wurtz). 
Heated  with  large  quantity  of  water  at  200°-210° 
yields  aldehyde  (Nevole,  Bull.  Soc.  chim.  [ii.]  25, 
289) ; ZnCl2  at  250°  decomposes  glycol  into 
aldehyde,  crotonaldehyde,  and  water.  By  elec- 
trolysis of  an  acid  (H2SO,,])  solution  of  glycol, 
formic  acid,  formaldehyde,  CO2,  traces  of  a 
sugar  and  a non-volatile  acid,  not  glycollic,  are 
formed.  (L5b  and  Pulvermacher,  Zeitsch. 
Elektrochem.  1910,  16,  1).  Chlorine  forms 
a crystallisable  halogen  compound,  m.p.  39°, 
b.p.  200°  ; and  an  oily  body,  C6H12O4,  b.p.  240° 
(Mitscherlich,  J.  1863,  485).  H2O2  in  presence 
of  ferrous  compounds  yields  glycollic  aldehyde 
(Fenton  and  Jackson,  Chem.  Soc.  Trans.  1899, 
75).  Heated  with  aldehydes,  glycol  yields 
ethylene  oxide  derivatives,  e.g.  glycol  and  oenan- 
thaldehyde ; heated  at  125°-130°  for  some  days 
yield  ethylene  oenanthylidene  oxide 


C,H43-CH< 


OCH, 


.OCH2, 

b.p.  180°;  similarly,  valeraldehyde  and  propal- 

OCH.: 


dehyde  yield  C^Hg-CH' 


OCHo 


b.p.  142°; 


and  <^2^, 

-respectively  (Lochert,  Bull.  Soc.  chim.  [ii.]  48, 
337,  716).  With  Na  and  Etl,  yields  glycol 
monoethyl  ether,  a liquid  boiling  under  748 
mm.  at  i34'8°,  and  having  a density  of  0*93535 
at  15°/15°  (Palomaa,  Ber.  42,  3873). 

Glycol  is  converted  into  glycollic  acid  by  the 
action  of  Bacterium  acetiy  provided  the  acid  be 
neutralised  {e.g.  by  CaC03)  as  fast  as  formed, 
otherwise  after  a short  time  the  glycollic  acid 
formed  stops  the  further  action  (A.  J.  Brown, 
Chem.  Soc.  Trans.  51,  638).  NH4CI  and  glycol 
at  300°-400°  form  collidine  CgH^iN-HCl  (Hof- 
mann, Ber.  17,  1905).  Phosgene  gas  at  ordinary 
temperatures  converts  glycol  into  glycol  carhonate 
C0(0CH2)2  (with  liberation  of  HCl),  a stable 
compound,  soluble  in  water,  alcohol,  and  ether, 
and  crystallising  in  colourless  needles  (Nemi- 
rowsky,  J.  pr.  Chem.  [2]  28,  439).  Heated  with 
strong  formic  acid  for  some  time  (Henninger, 
Ber.  7,  263),  or  with  oxalic  acid  (Lorin,  Bull. 
Soc.  chim.  [ii.]  22,  104),  gives  glycol  diformin 
C2H4(CH20)2,  b.p.  174° ; in  the  latter  case 
formic  acid  is  also  produced.  With  mineral 
acid  or  dehydrating  agents  yields  acetaldehyde, 
ethylidene  ethylene  ether  and  chiefly  diethy- 
lene ether  ^^\CH^*CH^^^^  (Faworsky, 

J.  Russ.  Phys.  Chem.  Soc.  1906,  38,  741), 
By  action  of  sodium  on  glycol,  we  get 
sodium  etliylenate  C2H4(OH)ONa,  a white  crys- 
talline deliquescent  body,  which,  on  heating 
to  190°  with  more  sodium  yields  disodium 
etliylenate,  a deliquescent  mass.  The  former, 
with  C2H3Br  in  a sealed  tube,  yields  ethylene, 
glycol,  NaBr,  and  probably  NaCH02  (Wurtz). 

De  Coninck  (Bull.  Acad.  Roy.  Belg.  1905, 
360)  distinguishes  between  glycol  and  glycerol 
as  follows.  Uranyl  sulphate  is  dissolved  in  a 
small  quantity  of  water,  excess  of  ethylene 
glycol  added,  the  whole  placed  in  a flask  and 
exposed  to  sunlight.  In  2 hours  the  liquid  is 
quite  green,  and  in  2J  hours  uranous  sulphate 
is  precipitated.  With  glycerol  no  such  coloura- 
tio'n  or  precipitation  takes  place. 

Glycol  forms  a number  of  cyclic  esters  and 
cyclic  compounds  analogous  to  the  metallic 
saccharates  (Bischoff,  Ber.  40,  2803  ; Griin  and 
Bockisch,  ibid.  41,  3465). 

2.  Diethylene  glycol 

H0*aH2*CH2*0*CH2*CH2'0H 

b.p.  250°,  sp.gr.  1*132  at  0°;  V.D.  =3*78  at 
311°  (calc.  3*67)  (Lourengo,  Ann.  Chim.  Phys. 
[3]  67,  275) ; from  ethylene  oxide  and  water, 
or  better,  ethylene  oxide  and  glycol  at  100° 
( Wurtz)  ; from  glycol  and  ethylene  bromide 
or  bromhydrin  at  115°-120°  (Lourengo) ; by 
action  of  glycol  monoacetate  upon  sodium 
glycol  at  130°-140°  (Mohs,  Zeitsch.  Chem.  1866, 
495). 

An  oily  liquid,  soluble  in  water,  alcohol,  and 
ether ; concentrated  HI  at  100°  forms  C2H4I2  ; 
oxidised  by  HNO3  to  glycollic  acid,  oxalic  acid, 
and  diglycollic  acid  C4*He05.  The  clilorhydrin 
C4Hg02Cl,  b.p.  180°-185°  (L.),  190°-200°  (W.), 
is  formed  by  leading  HCl  into  ethylene  oxide,  or 
from  ethylene  oxide  and  ethylene  chlorhydrin 
at  140°  (Wurtz,  Ann.  Chim.  Phys.  [3]  69,  338). 
1 molecule  ethylene  chlorhydrin  and  2 molecules 
glycol  are  heated  at  140°,  saturated  with  HCl 
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and  again  heated  at  100°  (Lourenyo,  ibid.  [3]  67, 
290)  ; a liquid  soluble  in  water. 

The  hromUydrin,  b.p.  205°,  is  prepared  from 
glycol  and  ethylene  bromide  at  160°  (L.). 

3.  Tri-ethylene  glycol 

C,H4(0H)-0-C2H4-0-ChH40H 

b.p.  290°;  sp.gr.  Id38  ; a liquid  miscible  with 
alcohol  and  water,  and  oxidised  by  HNO3  to 
dicilycol-ethylenic  acid  CgH^oOg  (Lourenyo ; 
Wutrz). 

The  cJdorhydrin  CgHigOaCl ; b.p.  222°-232°  ; 
is  a liquid  soluble  in  water  (L.). 

The  hromliydrin  C6H4303Br ; b.p.  (with  de- 
composition) 250°  (L.). 

4.  Tetra- ethylene  glycol  CgHigOg ; b.p.  230° ; 
at  25  mm.  (L.  ; W.). 

The  clilorhydrin  C8H47O4CI  ; b.p.  262°-272°  ; 
is  soluble  in  water  (L.). 

5.  Penta- ethylene  glycol  CioHa.^Og;  b.p. 
281°  at  25  mm.  ; a viscid  liquid  soluWe  in  water, 
alcohol,  and  ether  (L.). 

6.  Hexa-ethylene  glycol  CjaHagO  7;  b.p.  325° 
at  25  mm. ; a very  viscid  liquid  (L.). 

Ethylene  bromide  C2H4Br2  or  CHgBr-CHaBr ; 
ni.p.  9'975°  (Moles,  Anal.  Fis.  Quim.  1912,  10, 
131),  10'012°  (Biron,  Zeitsch.  physikal.  Chem. 
1913,  81,  590);  b.p.  131-6°  (B.),  129-5°  at  745 
mm.  (Anschutz,  Annalen,  221,  137),  130-39° 
(corr.)  (Thorpe  and  Rodger)  ; sp.gr.  2-1804  at 
20°  (Biron,  l.c.),  2-2132  at  0°/4°,  2-1901  at 
10-9°/4°  (Thorpe.  Chem.  Soc.  Trans.  37,  177)  ; 
by  action  of  C2H4  and  Br  (Balard,  Ann.  Chim. 
Phys.  [2]  32,  375)  ; formed  together  with 
ethylidene  bromide  CHoCHBr2  by  heating 
CallsBr  with  Br  to  180°  (Tawildarow,  Annalen, 
176,  14).  From  CgHgCl,  Br,  and  iron  wire  at 
100°  (V.  Meyer  and  Petrenko,  Ber.  25,  3307)  ; 
also  from  C2H2Br,  Br,  and  AlBrg  at  65°-70° 
(Mouneyrat,  Bull.  Soc.  chim.  [hi.]  19,  497). 

Preparation. — 1.  Ethylene,  purified  by  passing 
through  H2SO4  and  NaOH  solution,  is  led  into 
bromine  covered  with  water,  contained  in  a wide 
tube,  until  the  colour  of  the  Br  disappears  ; the 
product  is  washed  with  NaOH  and  water,  dried 
by  CaCl2  and  distilled  (Erlenmeyer  and  Bunte, 
Annalen,  168,  64  ; Erlenmeyer,  ibid.  192,  244 ; 
Prideaux,  Chem.  News,  1916,  113, *277).  2.  By 

heating  together  at  150°  in  glaciai  acetic  acid 
glycol  diacetate  and  HBr,  a quantitative  yield 
of  C2H4Br2  is  obtained  (Perkin  and  Simonsen, 
Chem.  Soc.  Trans.  1905,  856). 

Is  a colourless  mobile  liquid  with  a pleasant 
smell  and  sw^eet  taste;  V.D.  6-485  (Regnault). 
When  heated  with  water  to  150°- 160°,  it  yields, 
first  glycol,  and,  on  longer  heating,  HBr  and 
aldehyde  (Carius,  Annalen,  131,  173).  Zn  acts 
upon  an  alcoholic  solution  of  C2H4Br2  with 
formation  of  C2H4  and  ZnBr2  (Cladstone,  Ber. 
7,  364)  ; by  heating  with  KI  and  water,  ethane 
is  produced.  Alcoholic  KOH  yields  CaHgBr, 
and  in  excess  C2H2.  Heated  with  AlBr3  at 
100°-110°,  yields  C2H2  and  C2H2Br4 ; with 
Cl  and  AICI3,  yields  CgClg  (Mouneyrat). 

Aqueous  KOH  produces,  after  long  contact, 
C2H3Br  (Stemjjnevsky,  Annalen,  192,  240).  By 
heating  with  strong  NaOH  and  KOH  solution, 
glycol  and  C2H3Br  are  produced.  If  C2H4Br2 
be  heated  with  excess  of  H2O  and  PbO  to  220°, 
aldehyde  is  formed  (due  to  decomposition  of 
C2H4(0H)2,  first  formed,  into  C2H4O  and  HoO) 
(Eltekow,  Ber.  6,  558,  and  Nevole,  ibid.  9,  447). 


Heated  with  strong  HI  solution,  yields  C2H4I2 
(Sororkin,  Zeitsch.  Chem.  1870,  519).  Heated 
with  Ag20  and  water,  aldeliyde  is  produced, 
and  when  heated  with  Ag^COg  and  water,  yields 
glycol  (Beilstein  and  Wiegand,  Ber.  15,  1368). 
Treated  with  Ag2S04  and  benzene,  yields 
dibromethyl  sulphate  (C2H4Br)2S04 ; with 
Ag.,S04  and  water,  bromethyl  sulphuric  acid 
(C2H4Br)HS04  (B.  and  W.). 

Bromethylene  bromide  CH2Br-CHBr2 ; b.p. 
186-5°  (Wurtz,  Annalen,  104,  243),  187°- 188° 
at  721  mm.  (Denzel,  ibid,  195,  202),  191° 
(Tawildarow,  ibid.  176,  22),  73°  at  11-5  mm., 
83°  at  18  mm.,  187°-188°  at  751-5  mm.  (Anschutz, 
ibid.  221,  138)  ; sp.gr.  2-624  at  16°  (T.), 
2-620  at  23°  (W.),  2-6189  at  17-5°/4°,  2-6107 
at  21-5°/4°  (A.). 

Prepared  from  monobromethylene  and  Br 
(Wurtz)  ; from  C2H3I  and  Br  (Simpson,  J.  1857, 
461)  ; from  C2H3Br  and  Br  at  170°  (Hofmann,  J. 
1860,  364)  ; or  from  C2H4Br2  and  Br  at  200° 
(Tawildarow) ; decomposed  by  KC2H3O2  at  150°, 
or  by  HgO  and  PbO  into  dibromethylene  and 
HBr.  C2H5NaO  yields  ethylidene  dibromide 
(Gray,  Chem.  Soc.  Trans.  1897,  1024).  Alcoholic 
KOH  gives  C2H2Br2,  C2H2,  and  bromacetylene 
C2HBr.  When  heated  with  excess  of  absolute 
alcohol,  CaHgBr  and  probably  C2H3BrO  brom- 
aldehyde,  are  formed  (Glockner,  Annalen,  Suppl. 
7,  110). 

The  isomeric  body  CH3CBr3  is  not  known. 
Dibromethylene  dibromide  C2H2Br4.  Two 
isomerides  are  known. 

1.  Acetylidine  tetrabromide ; CH2Br-CBr3 
boils  with  decomposition  at  200°  ; b.p.  103-5° 
at  13-5  mm.  ; sp.gr.  2*9292  at  17-5°/4°, 
2*9216  at  21*5°/4°  (Anschiitz,  Annalen,  221,  140). 
Formed  from  as- dibromethylene  CH2  : CBr.^  and 
bromine  (Lennox,  ibid.  122,  124  ; Chem.  Soc. 
Trans.  1862,  206  ; Reboul,  Annalen,  124,  270). 
From  CaHgBr  and  Br  at  180°  a compound 
C2H2Br4  is  produced,  which  boils  with  decom- 
position at  208°-211°  (Tawildarow).  By  heating 
a mixture  of  pyrotartaric  acid  and  bromine 
with  water  at  150°  (Bourgoin,  Ann.  Chim. 
Phys.  [5]  12,  427). 

2.  Acetylene  tetrabromide  CHBroCHBr2  ; 
b.p.  137°-137-2°  at  36  mm.,  114°  at  12  mm.,  at 
15  mm.  124°-126°,  at  54  mm.  151° ; sp.gr. 
2 9710  at  17*5°/4°,  2*9629  at  21  5°/4°  (Anschutz, 
Ber.  12,  2974,  and  Annalen,  221,  139)  ; decom- 
poses at  190°  into  HBr,  Br,  and  C2HBr3 

By  leading  C2H2  into  bromine  covered  with 
water  (Reboul,  Annalen,  124,  269  ; Berthclot, 
Bull.  Soc.  chim.  [ii.]  5,  97)  ; the  crude  C2H2Br4 
is  then  reduced  by  means  of  alcohol  and  Zn  dust 
to  C2H2Br2,  Avhen  the  admixed  C!2H3Br-Br3  is 
converted  into  CgHgBr  ; the  C2H2Br2  is  tlien 
purified  by  distillation  and  treated  with  bromine 
(Anschutz,  Annalen,  221,  139)  ; by  action  of 
Br  and  AlBrg  at  105°-110°  upon  C2H4Br2 
(Mouneyrat,  Bull.  Soc.  chim.  [iii.J  19,  498). 
A lic^uid  smelling  of  camphor  and  chloroform  ; 
decomposed  by  heating  or  by  action  of  Na  ; by 
heating  with  alcoholic  KOH,  C2H2  and  CaHBr 
are  produced.  Cl  produces  C2Cl4Br2  (Bourgoin, 
Bull.  Soc.  chim.  [ii.]  23,  4)  ; when  heated  with 
Br  and  water  to  180°,  yields  C2Br4  and  CaBrg 
(Anschutz)  ; with  CgHg  and  AICI3,  produces 
anthracene ; heated  with  aniline,  dimethyl- 
aniline,  or  alcoholic  NH3,  yields  CHBr  : CBr2. 
Pentabromethane  ClIBr2  CBr3 ; m.p.  56°-57° 
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(Bourgoin),  54°  (Denzel,  Ber.  12,  2208),  48°-50° 
(Reboul)  ; boils  with  decomposition  at  210°  (at 
300  mm.)  (Denzel).  From  OgHBig  (Elbs  and 
Newmann,  J.  pr.  Chem.  [2]  58,  254  ; Lennox, 
Annalen,  122,  125)  or  CgHBr  (Reboul,  ibid.  124, 
268)  and  bromine.  By  slow  oxidation  (by 
exposure  to  air)  of  CaHBrg  (Demole,  Bull.  Soc. 
chim.  [ii.]  34,  204)  ; from  CgHgBr^  and  Br  at  165° 
(Bourgoin,  ibid.  23,  173).  Forms  prismatic 
needles  soluble  in  alcohol  and  ether. 

Perbromethane  Carbon  teibromide. 

Ethylene  bromoiodide ; m.p.  28° ; b.p.  163° ; 
sp.gr.  2 ‘516  at  29°.  From  CgHsBr  and  cone.  HI 
at  100°  (Reboul,  Annalen,  155,  213).  From 
O2H4  and  IBr  (Simpson,  J.  1874,  326).  Needles, 
with  alcoholic  KOH  yields,  in  the  cold,  C2H3I 
and  HBr,  and  on  warming  HBr,  HI,  and  C2H2. 
Forms  iodoform  with  alcoholic  CH3COOK  at 
100°. 

Ethylene  bromhydrin  C2H4Br-OH,  Glycol 
bromhydrin ; b.p.  150°-152°,  at  18  mm.  63°-64° 
(Henry,  J.  1889,  1321),  155°  (Lourengo,  Ann. 
Chim.  Phys.  [3]  67,  287)  ; sp.gr.  1*66  at  8°  (H.)  ; 
sp.gr.  1*7195  at  18*6°  (H.).  From  glycol  and 
C2H4Br2  at  115°-120°  (Lourengo)  ; from  glycol 
and  HBr  at  100°,  and  from  CH2l‘CH20H  and 
bromine  (Henry)  ; also  from  3 mols.  glycol 
and  1 mol.  PBrg  (Demole,  Ber.  9,  48) ; from 
ethylene  and  HBrO  (60  p.c.)  (Mokiewsky,  J. 
Russ.  Phys.  Chem.  Soc.  30,  900)  ; with  zinc- 
dust  and  alcohol  is  reduced  to  C2H4 ; together 
with  ethylene  dibromide  by  the  action  of 
ethylene  on  bromine  water  (Read  and  Williams, 
Chem.  Soc.  Trans.  1917,  111,  240). 

Ethylene  dichloride,  Elayl  chloride,  Dutch 
liquid  CHgClCHgCl ; b.p.  84*9°  (Pierre,  J.  1847- 
48,  63),  83*5°  (corr.)  (Thorpe.  Chem.  Soc.  Trans. 
37,  182),  84-5°-85°  at  7'50-9  mm.  (Briihl, 
Annalen,  203,  10),  83*3°  at  749  mm.  (R.  Schiff, 
ibid.  220,  96),  84'1°  at  760  mm.  (Stadel,  Ber. 
15,  2563);  sp.gr.  1-2808  at  0°/4°  (Thorpe), 
1-2803  at  0°  (Pierre),  1*2562  at  20°  (Haagen, 
Bull.  Soc.  chim.  ii.  10,  355),  1*2656  at  9*8°/4°, 
1*1576  at  83*3°/4°  (R.  Schiff),  1*2606  at  14*4°, 
1*204  at  62*5°  (Landolt  and  John)  ; b.p.  83*93° 
(corr.)  (Thorpe  and  Rodger)  refractive  index  ; 
at  f = 1*441466— 0*000446^,  mol.  refract. 
= 34*06  (Kanonnikow)  ; capill.  constant  at 
b.p.  — 4*198  (R.  Schiff,  Annalen,  223,  72). 
By  action  of  C2H4  upon  Cl  (Deiman,  Trootswyk, 
Bondt,  and  Lauwerenburgh,  CrelFs  Ann.  1795, 
2,  200)  ; by  leading  C2H4  into  SbClg  or  into 
molten  CUCI2  (Wohler,  Pogg.  Ann.  13,  297)  ; 
from  C2H5CI  and  SbClg  at  100°  (V.  Meyer  and 
Muller,  J.  pr.  Chem.  [ii.]  46,  173)  ; also  by  action 
of  glycol  upon  PCI3  (Wurtz)  or  upon  HCl  at  100° 
(Schorlemmer,  Chem/*  Soc.  Trans.  1881,  1)  ; from 
ethylene  diamine  and  NOCl  in  carefully  cooled 
wz-xyleno  solution  (Solonina,  J.  Russ.  Phys. 
Chem.  Soc.  30,  606).  Prepared  best  accord- 
ing to  Limpricht’s  method  (Annalen,  94,  245). 
Ethylene  is  passed  into  a gently  heated  mixture 
of  2 parts  manganese  dioxide,  3 parts  common 
salt,  4 parts  water,  and  5 parts  sulphuric  acid, 
and  when  the  mass  turns  yellow  it  is  distilled. 
It  can  be  prepared  in  good  yield  from  ethylene 
and  chlorine  if  the  temperature  is  kept  at  0°  ; 
at  higher  temperatures  considerable  quantities 
of  trichloroethane  are  formed.  It  forms  an 
oily  liquid,  insoluble  in  water.  When  heated 
with  alcoholic  KOH,  it  yields  KCl  and  C0H3CI, 
and  with  K it  forms  H,  KCl,  and  C2H3CI 


(Liebig,  Annalen,  14,  37).  Heated  with  AICI3 
to  80°-85°  is  decomposed  into  HCl  and  C2H2 
(Mouneyrat,  Bull.  Soc.  chim.  [iii.]  19,  446).  With 
NH3  it  forms  bases,  N2H4C2H4,  N2H2(C2H4)2, 
&c.  With  ethylamine,  it  yields  collidine  (In- 
methyl'pyridine  C5Ho(CH3)3N),  C2H5CI,  and  also 
NH3  and  N(C2H5)3  “(Hofmann,  Ber.  17,  1907). 

Chlorethylene  CHg : CHCl,  Vinyl  chloride  ; 
at  ordinary  temp,  a gas  ; b.p.  —18°  to  — 15°  ; 
by  action  of  alcoholic  KOH  upon  ethylene 
chloride  (Regnault,  Annalen,  14,  28),  or  ethyli- 
dene  chloride  (Wurtz  and  Frapolli,  ibid.  108, 
224).  To  prepare  it  the,  ethylene  dichloride  and 
alcoholic  potash  are  left  in  contact  for  3 or  4 
days  in  the  cold,  and  the  mixture  is  then  warmed. 
Combines  with  Cl  to  form  C2H3CI3.  Poly- 
merises in  sunlight,  and  forms  a solid  insoluble 
mass  of  sp.gr.  1*406  (Baumann,  Annalen,  163, 
317). 

Dichlorethylene  C2H2CI2. 

1.  Dichlorethylene  CHg  : CClg ; b.p.  33*5°- 
35°  ( Jocitsch  and  Faworsky)  ; b.p.  37°  (Kramer, 
Ber.  3,  261)  ; sp.gr.  1*250  at  15°,  obtained  by 
action  of  alcoholic  KOH  upon  CH2CPCHCI2 
(Regnault,  J.  pr.  Chem.  [ii.]  18,  80).  Also  by 
action  of  Zn  shavings  in  alcoholic  solution  upon 
the  trichlorethyl  ester  of  acetic  acid  (Jocitsch 
and  Faworsky,  J.  Russ.  Phys.  Chem.  Soc.  30, 
998).  Polymerises  easily  into  a solid  amorphous 
insoluble  body. 

2.  8ym- Dichlorethylene  [Acetylene  dichloride) 
CHCl : CHCl ; b.p.  55°  ; by  distillation  of  the 
compound  of  C2H2  with  SbClg  (Berthelot  and 
Jungfleisch,  Annalen,  Suppl.  7,  253)  ; also  by 
action  of  Zn  upon  an  alcoholic  solution  of 
CHClBr-CHClBr,  or  by  leading  C2H2  into 
aqueous  solution  of  ICl  (Sabanejeff,  Annalen, 
216,  262). 

Triehlorethyiene  CHCl : CCI2 ; b.p.  87*4°- 
87*55°;  sp.gr.  1*4904  at  4°/4°,  1*4598  at 
25*5°/25*5°  (Veley,  Proc.  Roy.  Soc.  1910,  B 
82,  217),  85*8°-86*0°/741*6  mm.,  m.p.  -83°, 
D^^Q  1*4649 ; Di/  1*4695  (Erdmann,  J.  pr.  Chem. 
1912,  ii.  85,  78).  From  isomeric  compounds 
C2H2CI4,  and  alcoholic  KOH  (Berthelot  and 
Jungfleisch) ; also  by  action  of  nascent  H (Zn 
and  H2SO4)  upon  C2C16  (Fischer,  J.  1864,  481)  ; 
from  anhydrous  chloral  and  P2S5  at  160°-170° 
(Paterno  and  Oglialoro,  Ber.  7,  81)  ; combines 
with  Cl  to  form  C2HCI5.  By  action  of  ammonia 
in  aqueous  solution  on  tetrachloroethane  (Comp, 
prod.  ehem.  d’Alais;  Eng.  Pat.,  132755). 

For  observations  on  its  autoxidation,  see 
Erdmann  [l.c.). 

Tetra-chlorethylene  C2CI4  v.  Carbon  dichlor- 
ide, art.  Carbon.  Cf.  Weiser  and  Wightman,  J. 
Phys.  Chem.  1919,  23,  415. 

Hexachlorethane  C2^'l6  Carbon  trichlor- 
ide, art.  Carbon. 

Ethylene  chlorhydrin  HO-CHyCHgCl.  Chlor- 
ethyl  alcohol.  Glycol  cldorhydrin ; b.p.  128° 
(Wurtz,  Annalen,  110,  125),  132°,  51°-52°  at 
22  mm.  ; sp.gr.  1*2005  at  18*6°  (Henry,  J. 
1889,  1321),  1*24  at  8°.  From  glvcol  and 
HCl  (gas)  at  100°  (W.).  If  excess  of  HCl  be 
used,  C2H4CI2  is  produced  (Schorlemmer,  Chem. 
Soc.  Trans.  39,  143)  ; from  glycol  and  CI2S2 
(Carius,  Annalen,  124,  257)  ; from  C2H4  and 
ClOH  (Carius,  ibid.  126,  197  ; Butlerow,  ibid. 
144,  40).  Dry  HCl  is  led  into  glycol  kept  at 
148°  ; the  C2H4Cl(OH)  distils  off  (Ladenburg, 
Ber.  16,  1408).  A liquid  miscible  with  water  ; 
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yields  alcohol  with  Na  amalgam  and  H2O 
(Lourenyo,  Annalen,  120,  92).  Oxidised  by 
CrOg  to  ' chloracetic  acid  (Kriwaxin,  Zeitsch. 
Chem.  1871,  265) ; with  KOH,  yields  ethylene 
oxide.  Of.  Gomberg,  J.  Amer.  Chem.  Soc.  1919, 
41,  1414. 

Ethylene  chlorobromide  CHaChCHaBr ; b.p. 
107°-108°  (Lescoeur,  Bull.  Soc.  chim.  [ii.]  29,  484); 
sp.gr.  1'79  at  0°  (L.),  1-705  at  11°  (Mont- 
golfier and  Giraud,  ibid.  33,  12),  1-689  at  19°. 
By  action  of  Br  upon  -CHaCl-CHoI  (Henry, 
Annalen,  156,  14)  ; from  C^H^Bi-g  and  SbClg 
(Lossner,  J.  pr.  Chem.  [2]  13,  421)  or  C2H4Br2 
and  HgCl2  at  150°-180°  (M.  and  G.)  ; by  action 
of  Br  upon  C2H4C1(0H)  at  130°  (Demole,  Ber.  9, 
556).  To  prepare  it,  first  chlorine  and  then 
ethylene  is  passed  into  Br,  kept  under  a mixture 
of  ecjual  vols.  of  strong  HCl  and  water  (James, 
J.  pr.  Chem.  [2]  26,  380 ; also  Simpson,  Proc. 
Boy.  Soc.  27,  118) ; decomposed  by  alcoholic 
KOH,  with  formation  of  C2H3CI. 

Ethylene  chloroiodide  CH2CI  CH2I ; m.p. 
— 15-6°  (Schneider,  Zeitsch.  physikal.  Chem.  19, 
157),  b.p.  140°  (Sorokin,  Zeitsch.  Chem.  1870, 
519),  140-1°  (corr.)  (Thorpe,  Chem.  Soc.  Trans. 
37,  189),  137°-138°  (Meyer  and  Wurster,  Ber.  6, 
964);  sp.gr.  2-151  at  0°  (S.),  2-16439  at  0°, 
2-13363  at  15-3°/0°  (T.).  From  CH2I-CH2I 
and  ICl ; from  C2H4  and  an  aqueous  solution 
of  ICl  (Simpson,  Proc.  Boy.  Soc.  12,  278). 
Decomposed  by  alcoholic  KOH  and  HI  and 
C2H3CI ; nascent  H yields  HCl,  HI,  and  C2H4  ; 
moist  AggO  at  160°  produces  glycol  (Simpson). 
Finely  divided  silver  at  160°  yields  C2H4  and 
C2HCI-CH2CI  (Friedel  and  Silva,  Bull.  Soc. 
chim.  [ii.]  17,  242).  Heated  with  HI  solution, 
yields  C2H4  and  C..H4I2  (Sorokin). 

Ethylene  cyanhydrin  HO  •CH2  CH2CN;  b.p. 
220°-222°  at  723*5  mm.;  sp.gr.  1-0588  at  0°. 
By  long  digestion  of  C2H4O  (ethylene  oxide) 
with  anhydrous  HCN  at  50°-60°  (Erlenmeyer, 
Annalen,  191,  273);  miscible  with  alcohol  and 
water ; 100  parts  ether  dissolve  2-3  parts 

C2H4(0H)CN  at  15°  ; insoluble  in  CSa-  Forms 
a chloride  with  PCI5,  which  boils  at  174°- 
176°  under  752  mm.,  and  has  sp.gr.  1-443  at 
18-5°  (Henry,  Bull.  Acad.  Boy.  Belg.  iii.  35, 
360). 

Ethylene  cyanide  C2H4(CN)2,  Svccinonitrile ; 
m.p.  54-5°  (Nevole  and  Tscherniak,  Bull.  Soc. 
chim.  [ii.]  30,  101),  51°-52°  (Henry,  ibid.  43, 
618)  ; b.p.  158°-160°  at  20  mm.  (Pinner,  Ber. 
16,  360),  265°-267°  (H.)  ; sp.gr.  1-023  at  45°. 
By  heating  on  a water-bath  CH2Br-CH2Br  with 
KCN  and  alcohol  (sp.gr.  0-84)  (Simpson,  Proc. 
Boy.  Soc.  10,  574)  ; the  liquid  is  filtered  from 
the  KBr,  and  distilled,  when  the  alcohol  is  first 
removed ; then  the  distillation  is  conducted 
under  diminished  pressure  ; also  is  produced  by 
electrolysis  of  potassium  cyanacetate  (Moore, 
Ber.  4,  520)  ; is  a white  amorphous  mass  soluble 
in  water,  chloroform,  and  alcohol ; slightly  in 
carbon  disulphide  and  ether  ; decomposed  when 
distilled  at  ordinary  pressure.  Decomposed  by 
heating  with  KOH  or  HCl  into  NH3  and 
succinic  acid ; with  AgNOg  forms  plates  of 
C2H4(CN)2,4AgN03,  which  is  soluble  in  water 
and  alcohol,  and  explodes  when  heated  (Simpson). 

Ethylene  diamine  ]S[Hj*C2H4-NH2 ; m.p.  8 5° 
(Kraut,  Annalen,  212,  251);  b.p.  116-5°; 
sp.gr.  0'902  at  15°  (Kraut).  By  heating 
C2H4CI2  or  C2H4Br2  with  alcoholic  NH3  to 


100°  (Cloez,  J.  1853,  468)  ; by  distillation  of 
a;8-diaminopropionic  acid  (Neuberg  and  Nei- 
mann,  Zeitsch.  physikal.  Chem.  45,  110)  ; by 
treatment  of  C2H4(CN)2  with  Sn  and  HCl 
(Fairley,  Annalen,  Suppl.  3,  372).  42  grams 

of  CHgCl-CHgCl  and  510  c.c.  aqueous  NH3 
are  heated  for  5 hours  to  115°-120°  in  a sealed 
tube ; the  product  is  then  evaporated  until  it 
begins  to  crystallise,  and  is  then  precipitated 
with  3 times  its  volume  of  absolute  alcohol ; 
the  precipitated  C2H4(NH2)2.2HC1  is  then 
washed  with  alcohol  and  the  base  set  free  by 
distillation  with  powdered  NaOH  (Kraut,  l.c.  ; 
also  Hofmann,  Ber.  4,  666).  The  by-product 
from  the  manufacture  of  chloral,  consisting  of 
CH2CI-CH2CI,  CH3-CHCI2,  &c.,  can  be  used.  A 
thick  oily  liquid,  with  faint  ammoniacal  smell, 
soluble  in  water,  not  miscible  with  ether  or 
benzene ; the  aqueous  liquid,  which  contains 
C2H4(NH2)2,H20,  cannot  be  freed  from  water  by 
BaO,  but  only  by  distillation  over  Na.  Caro’s 
acid  oxidises  it  to  glyoxime  (Bamberger  and  Selig- 
man,  Ber.  36,  3831).  With  HCIO  and  HBrO, 
yields  tetrachloro  and  tetrabromo  derivatives  ; 
e.g.  Br2N-C2H4-NBr2  (Chattaway,  Chem.  Soc. 
Trans.  1905,  381).  Decomposed  by  HNOg  into 
ethylene  oxide  and  oxalic  acid  (Hofmann,  J. 
1859,  386)  ; is  a strong  base  and  forms  salts  ; 
combines  with  CS2  to  form  crystals  of 

C2H4(NH2)2-CS2 

soluble  in  water,  insoluble  in  alcohol  and  ether< 
C2H4(NH3)2,2HC1,  long  silvery  needles  insoluble 
in  alcohol.  C2H4(NH2)2HCl,PtCl4,  yellow  leaf- 
lets, slightly  soluble  in  water  (Greiss  and  Martins, 
Annalen,  120,  327) ; C2H4(NH2)2(HCNS)2,  large 
prisms,  very  soluble  in  water,  m.p.  145° 
(Hofmann,  Ber.  5,  245).  Forms  many  com- 
pounds with  metallic  salts  and  a periodide 
C2H4(NH2)HI-l4,  which  melts  at  218°. 

Diethylene  diamine,  Piperazine 

(C2H,)2(NH),  or  C.H4<^][\C3H4 

m.p.  104°  (Berthelot)  ; b.p.  170°  (Hofmann,  J. 
1858,  343),  145°-146°  (Berthelot),  140° 

(Bosdalsky).  From  ethylene  chloride  and 
alcoholic  NHg  (Cloez ; Hofmann,  Natanson, 
Annalen,  98,  291) ; from  sodium  ethylene 
glycollate  and  acid  derivatives  of  ethylene 
diamine  by  heating  at  250°-350°  (D.  B.  P. 
67811) ; by  heating  the  sodium  compound  of 
6ym-diacyl  ethylene  diamine  with  anhydrous 
glycol  or  ethylene  bromide  at  200°  (D.  B.  P. 
73354) ; by  reduction  of  ethylene  oxamide 
with  zinc-dust  and  KOH  (D.  B.  P.  66461).  (For 
other  methods  of  preparation,  see  D.  B.  P. 
70055,  70056,  73125,  74628,  79121,  98031, 
100232.) 

Forms  a hydrate  C4HjoN2,6H20  ; m.p.  44° 
(Berthelot).  Piperazine  is  not  changed  by 
heating  with  HCl  or  H2SO4  at  200°.  With 
carbonyl  chloride  it  forms  tricarbonyl  piperazine. 
It  forms  a periodide  C4H43N2’2HI-l4,3H20, 
m.p.  283°.  The  anhydrous  periodide  melts 
at  280°  (Herz,  Ber.  30,  1585).  Piperazine 
reacts  with  2 molecules  HBrO  to  form  an  additive 
compound,  which,  on  treatment  with  dilute 
alkali  or  piperazine  solution,  yields  ?i-dibromo- 
piperazine.  This  latter  can  form  an  additive 
compound  with  2 molecules  of  HBrO  (Chattaway, 
Chem.  Soc.  Trans.  1905,  951).  Piperazine  reacts 
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with  an  excess  of  EtI  at  temperature  of  water- 
bath  to  form  triethyl  piperazonium  iodide ; 
m.p.  240°.  Colourless  needles,  insoluble  in  cold 
water,  ligroin,  C2CI3,  CgHg,  and  CS2 ; soluble  in 
warm  alcohol  (Van  Rijn,  Chem.  Zentr.  1898, 
1,  727)  {v.  Pi'perazine). 

^yw-Diethylene  diethyidiamine 

(C2H,)2(NH-C2H,)2,H20 
b.p.  165°  (Schmidt  and  Wichmann,  Ber. 
24,  3247);  from  (C2H4)2(NH2)2  and  C2H5T, 
or  from  C2H4Br2  and  NH2'C2H5  (Hofmann,  J. 
1859,  389)  ; from  piperazine  and  an  excess  of 
KEtS04  in  aqueous  solution  (Van  Rijn,  Chem. 
Zentr.  1898,  i.  727).  It  combines  with  salts  of 
Cd,  Cr,  Zn,  and  Ni. 

as-Diethylene  diethyidiamine 

NH2-C2H4-N(C2H3)2 

mobile  liquid ; b.p.  145°;  sp.gr.  0'827  at  18*5°/ 
18'5°  ; from  bromethylphthalimide  and  diethyl- 
amine  with  subsequent  hydrolysis,  yields  a 
plaiinockloride,  m.p.  230°  ; an  aurocliloride,  m.p. 
161°-163°  ; and  a picrate,  m.p.  211°  (Ristenpart, 
Ber.  1896,  29,  2526). 

Triethylene  diamine  (C2H4)3N2 ; b.p.  210°; 
soluble  in  water  (Hofmann,  J.  1858,  343  ; 
Harries,  Annalen,  294,  350). 

Diethylene  trlamine 

NH2-C2H4-NH-C2H4-NH2^ 

b.p.  (with  slight  decomposition)  208°  ; formed 
with  other  products  by  action  of  NH3  upon 
C2H4Br2 ; the  double  salt  with  PtCl4  being  less 
soluble  than  that  of  triethylene  triamine,  it  can 
be  separated  from  that  body  (Hofmann,  J.  1861, 
514). 

A strongly  alkaline  liquid  miscible  with 
water  and  alcohol.  Its  salts  are  soluble  in  water, 
less  so  in  alcohol,  2[(C2H4)2N3H5,3HCl]3PtCl4 
forms  golden-yellow  needles. 

Triethylene  triamine 


C 


-^r  ^NH-C,H4 
2"^^\NH'C;H4 


b.p.  216°  (Hofmann,  J.  1861,  514)  ; forms  salts  ; 
[(C2H4)3H3N3,3HCl]2PtCl4  ; long  golden-yellow 
needles  moderately  soluble  in  water ; with 
hydrobromic  acid  gives  (C2H4)3lS[3H3,3HBr  from 
acid  solutions ; from  weaker  acid  solution 

(C2H4)3N3H3,2HBr. 

Tetraethylene  triamine  (C2H4)4N3H3 ; by 
action  of  alcoholic  NH3  upon  C2H4Br2  (Hof- 
mann, Ber.  3,  762)  ; forms  3 series  of  salts  with 
1,  2,  or  3 molecules  of  monobasic  acid ; the 
hydrobromides  are  amorphous  bodies,  almost 
insoluble  in  water,  alcohol,  and  ether. 
Triethylene  tetramine 


NH2-C2H4*NH-C2H4*NH-C2H4-NH2 

m.p.  + 12°  ; b.p.  266°-267°  ; sp.gr.  0-9817  at  15°  ; 
a strongly  alkaline  syrup  from  C2H4CI2  and 
C2H4(NH2)2,  or  from  C2H4Br2  and  alcoholic 
NH3  (Hofmann,  J.  1861,  519)  ; yields 

C6H48N4*4HCl-2PtCl4 

a yellow  amorphous  powder  almost  insoluble  in 
water. 

Ethylene  diformin  C2H4(CH02)2 ; b.p.  174° ; 
by  heating  gl jmol  with  pure  formic  acid  (Hen- 
inger,  Ber.  7,  263)  ; also  by  heating  oxalic  acid 
with  glycol  (Lorin,  Bull.  Soc.  chim.  [ii.]  22,  104). 
Decomposed  when  heated  at  200°  in  sealed  tube 
into  CO2,  CO,  H2O,  and  C2H4. 


Ethylene  ferrous  chloride  C2H4FeCl2,2H20  ; 
by  heating  FeCl3  and  ether  to  150°  (Kachler, 
Ber.  2,  510)  ; forms  prisms  fairly  soluble  in 
water.  The  corresponding  compound 

C2H4FeBr2,2H20 

is  prepared  by  leading  CjH4  into  a strong 
aqueous  solution  of  FeBrg  in  sunlight  (Chojnacki, 
Zeitsch.  Chem.  1870,  420) ; forms  light-green 
deliquescent  crystals. 

Ethylene  iodide  CH2I-CH2I;  m.p.  81°-82° 
(Aronstein  and  Kramps,  Ber.  13,  489)  ; sp.gr. 
2-07  ; from  C2H4  and  I in  sunlight  (Faraday, 
Gm.  4,  682),  also  in  the  shade,  especially  if 
warmed  (Regnault,  Annalen,  15,  67) ; a mixture 
of  I and  alcohol  (absolute)  is  saturated  with 
C2H4  with  repeated  agitation  (Semenow,  J. 
1864,  483). 

Crystalline  plates  or  prisms  decomposed  by 
heating ; when  warmed  with  alcohol  to  70°, 
IC2H4-OC2H5  is  produced ; HgCl2  gives  in  the 
cold  C2H4ICI,  and  on  heating  C2H4CI2  (Mau- 
mene,  J.  1869,  345) ; alcoholic  KOH  converts 
it  into  C2H3I  (Regnault,  Annalen,  15,  63). 

Ethylene  iodohydrin  CH2I-CH20H ; from' 
C2H4(0H)2  and  gaseous  HI  (Simpson,  ibid.  113, 
121)  ; also  by  heating  C2H4(0H)C1  with  KI 
(Butlerow  and  Ossokin,  ibid.  144,  42). 

An  oil,  b.p.  85°/25  mm.  ; sp.gr.  2-1649  at 
18-6°  (Henry,  Ber.  24  Ref.  75). 

Ethylene  nitrate  N03CH2-CH2-N03 ; b.p. 
114°-116°  with  explosion  (Demjanow,  Chem. 
Zentr.  1899,  i.  1064)  ; sp.gr.  1-5099  at  4°,  1-4960 
at  15°,  1-4860  at  25°  (Perkin).  Is  formed  when 
glycol  is  treated  with  HNO3  and  H2SO4,  also  by 
interaction  of  C2H4  and  N2O5  in  the  cold 
(Demjanow)  ; an  oily  liquid  which  is  inflam- 
mable, explodes  on  percussion,  and  is  poisonous  ; 
KOH  converts  it  into  alcohol  (Henry,  Ber.  3, 
529 ; also  Champion,  Compt.  rend.  73,  571). 
On  reduction  yields  CH3CHO,  C9H4(NHo)25  and 
H2NCH2CH2OH. 

Ethylene  nitrite 

C2H4(N0)2  or  N02-CH2CH2-N0 

m.p.  below  — 15°;  b.p.  96-8°;  sp.gr.  1-2156  at 
0°  (Bertoni).  Is  prepared  by  distilling  glycerol 
trinitrite  with  more  than  an  equivalent  amount 
of  glycol.  Soluble  in  alcohol  to  form  C2H5ONO 
(Bertoni,  Gazz.  chim.  ital.  15,  353) ; insoluble  in 
and  slowly  decomposed  by  water. 

Nitroethylene  can  be  prepared  in  50  p.c. 
yield  by  the  dehydration  of  ^-nitroethyl  alcohol 
by  phosphoric  oxide  or  sodium  hydrogen  sul- 
phate ; an  almost  colourless  mobile  liquid, 
b.j).  98-5°;  D^^’^  1-073.  Vapour  violently  attacks 
the  eyes  and  throat.  Readily  undergoes 
jjolymerisation  ; with  alkali  the  change  occurs 
with  explosive  violence.  Combines  with  bromine 
in  ethereal  solution,  yielding  nitroethylene  di- 
bromide,  colourless  liquid,  b.p.  97°/21  mm. 
With  aniline  gives  N-^-nitroethyl  aniline 
NHPh-CH2-CH2-N02,  colourless  leaflets,  m.p. 
37°  (Wieland  and  Sakellarios,  Ber.  1919,  52,  B, 
898). 

Ethylene  passed  into  an  ice-cold  mixture  of 
nitric  acid  (D  1-4)  and  concentrated  sulphuric 
acid  containing  20  p.c.  of  sulphur  trioxide 
3delds  on  steam -distillation  and  fractionation 
under  diminished  pressure  ethylene  dinitrate, 
colourless  oil,  b.p.  105 -5°/! 9 mm.  D^^  1-433,  and 
fi-nitroethyl  nitrate,  colourless,  poisonous  oil,  b.p. 
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120-]22°/17  mm.  L468.  The  latter  is  con-  i 
verted  by  phosphoric  oxide  into  nitroethylene. 

^-Nttroeihyl  alcohol  is  a colourless  oclourless 
liquid,  b.p.  103°/ll-5  mm.  D13'3  LoGO,  miscible 
with  water,  alcohol,  and  ether  obtained  by  the 
action  of  silver  nitrite  on  ethylene  iodohydrin 
(Wieland  and  Sakellarios,  Ber.  1920,  [B]  201. 

Ethylene  oxide  i >0  ; b.p.  12-5° ; sp.gr. 

CH/ 

0-8909  at  474°;  0-8824  at  10710°  (Perkin, 
Chem.  Soc.  Trans.  1893,  488).  From  C2H4(0H)C1 
and  KOH  (Wurtz,  Amialen,  110,  125;  Ann. 
Chim.  Phys.  [3]  69,  317)  ; also  from  C2H4(0H)C1 
and  C2H4(OH)ONa  (Scheitz,  Zeitsch.  Chem. 
1868,  379)  ; also  from  C2H4I2  and  Ag20  at  150°  ; 
from  C2H4Br2  and  Ag20  at  250° ; or  from 
C2H4Br2  and  Na20  at  180°  (Greene,  J.  1877, 
522)  ; also  by  treatment  of  C2H4C1(0C2H30) 
with  KOH  (Demole,  Annalen,  173,  125)  ; by 
dropping  chlorethylacetate  on  to  a cooled 
mixture  of  powdered  KOH  and  sand  (Roithner, 
Monatsh.  15,  666). 

A pleasant-smelling  liquid  miscible  with 
water  ; when  heated  with  water  in  a closed 
tube,  yields  glycol,  and  polyethylene  glycol. 
Has  strong  basic  properties,  although  not  an 
alkaline  reaction.  It  combines  with  acids,  and 
precipitates  metallic  hydroxides  from  solu- 
tions of  Mg,  Al,  Fe,  and  Cu  salts.  With  Na 
amalgam  forms  C2HgO.  Pt  black  oxidises  it 
to  glycollic  acid  ; PCI-  produces  CHgCl-CHgCl 
(Wurtz,  Ann.  Chim.  Phys.  [3]  69,  317,  and  355). 

Equal  molecules  of  C2H4O  and  Br  at  0°  form 
C2H4(OH)Br,  C2H4Br2  and  other  bodies  (Demole, 
Ber.  9,  47),  but  2 molecules  C2H4O  • and  1 
molecule  Br,  on  standing,  yield  large  red  or 
small  yellow  prisms  of  (C2H40)2Br2 ; m.p. 
65°  ; b.p.  with  decomposition  at  95°  ; they  are 
insoluble  in  water,  but  soluble  in  alcohol.  H2S 
or  contact  with  Hg  separates  the  Br  and  leaves 
dioxyethylene  (Wurtz,  Ann.  Chim.  Phys.  [3]  69, 
321).  By  long  contact  with  ZnCl2  or  KHO,  a 
jDolymeride  which  melts  at  56°  and  is  in- 
soluble in  ether,  is  produced  (Wurtz,  Bull. 
Soc.  chim.  [ii.]  29,  530). 

CH2-0-CH2 

Dioxyethylene,  DiethyUne  dioxide  | | ; 

CHa-O-CHa 

m.p.  9°  ; b.p.  102°  ; sp.gr.  1-0482  at  0°.  From 
(C2H4)202-Br2,  and  Hg  by  contact  at  ordinary 
temperature.  The  mixture  is  then  distilled, 
and  distillate  rectified  over  KOH  (Wurtz, 
Ann.  Chim.  Phys.  [3]  69,  323)  ; has  no  marked 
basic  2)roperties,  but  combines  slightly  with 
acetic  acid  on  heating  to  120°.  Louren§o 
{ibid.  [3]  67,  288)  obtained  it  by  heating 
C2H4(0H)2  and  C2H4Br2  to  160°,  but  the 
product  boiled  at  95°.  Forms  an  iodide  with 
2 atoms  of  I,  m.p.  84°,  which  is  decomposed 
by  water  and  air,  but  soluble  in  benzene  ; also  a 
sulphate  and  a picrate  melting  respectively  at 
100°  and  66°.  It  also  forms  a compound  with 
HgClg,  soluble  in,  but  slowly  decomposed  by, 
water  (Faworsky,  J.  Russ.  Phys.  Chem.  Soc. 
38,  741  ; Paternb  and  Spallino,  Atti.  R.  Acad. 
Lincei,  [v.]  16,  i.  87). 

Chlorethylene  oxide  CgHgClO  ; b.p.  70°-80°. 
By  long  contact  of  acetylene  chloriodide 
CHCl ; CHI  with  40-50  vofs,  of  water  at  200°- 
220°  (Sabanojeff,  Annalen,  216,  268)  ; difficultly 
soluble  in  water. 


Bromethylene  oxide  C2H3B1-O  ; b.p.  89°-92°. 
From  bromoglycol  bromhydrin  (JHBr2-CH20H 
and  KOH  (Demole,  Ber.  9,  51)  ; soluble  in  water. 

Ethylene  phosphides  v.  Phosphorus,  Organic 

COMPOUNDS  OP. 

Ethylene  selenocyanate  C2H4(SeCN)2 ; m.p. 
128°  (Proskauer),  138°  (Hagelberg,  Ber.  23, 
1092).  From  CH2Br-CH2Br  and  alcoholic 
KCNSe  (Proskauer,  ibid.  7,  1281).  Colourless 
needles,  insoluble  in  cold  water  or  ether, 
difficultly  soluble  in  hot  water  or  cold  al- 
cohol ; dissolves  unchanged  in  strong  HNO3, 
but  on  heating  gives  ethylene  selenious  acid 
C2H4(Se03H)2.  With  alcoholic  alkali,  yields 
ethylene  diselenide  (Hagelberg). 

Diethylene  disulphide  ; m.p. 

111°-112°;  b.p.  199°-200°;  V.i).=:4-28  (Huse- 
mann,  Annalen,  126,  280).  From  C2H4Br2 
and  Ka^  (Crafts,  ibid.  124,  110;  128,  220); 
also  by  heating  C2H4CS3  or  C2ll4S2Hg  with 
C2H4Br2  at  150°  (H.). 

Crystallises  from  alcohol  in  needles  or  leaflets, 
from  ether  in  thick  prisms  which  are  volatile  at 
l^rdinary  temperatures  ; combines  with  Br  and 
certain  salts,  but  not  with  NHg ; oxidised  by 
HNO3  to  (C2H4)2S202.  The  bromide 

(G2H4)2S2Br4 

is  a lemon-yellow  amorphous  body,  m.p.  96°, 
very  unstable ; the  iodide  (C2H4)2S2l4,  m.j). 
132°-133°,  forms  iron-black  monoclinic  needles, 
insoluble  in  water.  The  oxide  (C2H4)2S202  can 
also  be  obtained  by  decomposition  of  the  chloride 
or  bromide  ; with  water,  forms  crystals  which 
decompose  without  fusion  on  heating,  and  are 
soluble  in  water,  almost  insoluble  in  alcohol. 
The  peroxide  (C2pl4)2S204,  obtained  by  heating 
(C2H4)2S2  with  fuming  HNO3  to  150°  (Crafts, 
Annalen,  125,  124),  crystallises  from  strong 
HNO3  in  small  crystals  which  are  insoluble  in 
water. 

Ethylene  eihylidene  disidphide  is  obtained  by 
heating  ethylene  sulphide  almost  to  dull  redness 
in  absence  of  air  and  in  a current  of  hydrogen 
sulphide.  After  being  shaken  with  aqueous 
alkali  is  obtained  as  an  almost  colourless  liquid, 
b.p.  172-173°  (0.  Matter,  D.  R.  P.  313650). 

Ethylene  hydroxysulphide  C2H4(OH)SH 
{Tkioethylene  glycol),  from  HO-CH2CH2CI  and 
alcoholic  KHS  ; the  KCl  is  filtered  oh  and  the 
filtrate  acidified  with  dilute  HCl  and  evajiorated 
at  30°-40°  (Carius,  Annalen,  124,  258).  Is  a 
heavy  liquid,  almost  insoluble  in  water,  soluble 
in  alcohol ; the  salts  are  fairly  soluble  in  alcohol ; 
the  mercury  compound  Hg(C2H50S)2  crystallises 
from  alcohol  in  needles. 

Thiodiethylene  glycol  (C2H40H)2S  is  formed 
when  the  above  comj)ound  is  heated,  HdS  being 
evolved.  It  is  a crystalline  solid  ; m.p.  under 
60°,  soluble  in  alcohol,  insoluble  in  water,  forms 
salts  and  double  compounds  with  metallic  salts. 

Ethylene  mercaptan  C2H4(HS)2 ; b.p.  146°  ; 
sp.gr.  1-123  at  23-5°.  From  CH2CI-CH2CI  (or 
bromide,  Werner,  J.  1862,  424)  and  alcoholic 
KHS  (Lowig  and  Weidmann,  Annalen,  36, 
322).  A colourless  liquid,  soluble  in  alcohol 
and  alkalis,  forms  insoluble  mercap tides  with 
heavy  metals ; Pb(C2H4)S2  yellow  ; Cu(C2H4)S2 
chrome  green.  Ethylene  dimethyl  sulphide 
C2H4(SCH3)2,  b.p.  183°,  from  C2H4Br2  and 
CH3SNa  (E\verlof,  Bef-.  4,  716).  Ethylene 
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diethyl  sulphide  C2H4(SC2H6)2,  b.p.  210^-213° 
(E.)  gives  on  oxidation  first  (C2H5SO)2C2H4, 
m.p.  170° ; and  next  (C2H5S02)2C2H4,  m.p. 
136’5°  (Beckmann,  J.  pr.  Chem,  [2]  17,  469). 
Ethylene  thiocarbonates. 

1.  Ethyleue  dithiocarbonate  C2H4COS2, 
ethylene  oxythiocarbonate  ; m.p.  31°  ; by  action 
of  HNO3  upon  C2H4CS3  in  the  cold  (Husemann, 
Annalen,  126,  269)  ; forms  long  thin  tables, 
insoluble  in  water,  soluble  in  alcohol,  ether,  and 
chloroform. 

2. '  Ethylene  trithiocarbonate  C2H4CS3  ; m.p. 
39‘5°  (Husemann),  33 ’4°  (Konowalow),  39° 
(Frasetti)  ; sp.gr.  1*4768.  From  C2H4Br2  and 
Na2CS3  in  presence  of  absolute  alcohol  (Huse- 
mann, Annalen,  123,  83)  ; by  action  of  water 
upon  AlBr3'C2H4Br2’CS2  (Konowalow)  ; by 
action  of  alcoholic  KOH  upon  ethylene  xanthate 

C2H4(S*CS-OEt)2+KOH 

-KS*CO-OEt+C2H4CS3+EtOH 

a theoretical  yield  ; it  reacts  with  dil.  KOH  thus  : 

C2H4CS3+EtOH-f3KOH 

-KS-C0-0Et+C2H4S2K2+2H20 

(Frasetti,  Ber.  38,  488).  Forms  golden-yellow, 
rhombic  prisms ; slowly  soluble  in  alcohol, 
easily  soluble  in  ether,  very  soluble  in  CSg, 
CHCI3,  and  CsHg. 

jSjS'-Dichloroethyl  sulphide  (CH2C1CH2)2S, 
so-called  ‘ mustard  gas,’  was  apparently  obtained 
by  Guthrie  (Chem.  Soc.  Trans.  1860,  12,  116  ; 
1861,  13,  35)  and  by  A.  Niemann  (Ann.  1860, 
113,  288)  by  passing  ethylene  into  cooled  sulphur 
dichloride  : 

2CH2 : CH2  + SCl2=(CH2CTCH2)2S 
The  conditions  for  its  formation  by  this  reaction 
have  been  studied  by  Myers  and  Stephen  (J. 
Soc.  Chem.  Ind,  1920,  39,  65,  T),  and  by  Gibson 
and  Pope  (Chem.  Soc.  Trans.  1920,  117,  272). 
May  also  be  prepared  by  converting  ethylene 
into  ethylene  chlorohydrin,  thence  into  thiodi- 
glycol  by  treatment  with  sodium  sulphide,  and 
thiodiglycol  into  ^^'-dichloroethyl  sulphide  by 
the  action  of  hydi-ogen  chloride  : 

(1)  CH2  : CH2  + HC10=CH2C1-CH2-0H 

(2)  2CH2Cl-CH2*OH+Na2S 

=(HO-CH2-CH2)2S+NaCl 

(3)  (H0-CH2-CH2)2S+2HC1 

= (CH2Cl-CH2)2Sd-2H20 

(V.  Meyer,  Ber.  1886,  19,  3260;  Clarke,  Chem. 
Soc.  Trans.  1912,  101,  1583).  For  the  con- 
version of  ethylene  chlorohydrin  into  dichloro- 
ethyl  sulphide,  see  Gomberg,  J.  Amer.  Chem. 
Soc.  1919,  41,  1414. 

^/3'-l)ichloroethyl  sulphide  is  more  readily 
procured  by  the  action  of  ethylene  on  sulphur 
monochloride  at  about  60° 

2CH2  : CH2+S2Cl2=(CH2CPCH2)2S-f  S 
The  product  has  either  the  constitution 
(C-H2C1-CH2)2S  ; S 

or  is  a colloidal  solution  of  S in  (C2H4C1)2S. 
According  to  Gibson  and  Pope,  Guthrie’s  com- 
pound is  a disulphide  of  the  constitution 

CH2C1-CH2-SS'CH2-CH2C1 
(Guthrie,  l.c.  ; Gibson  and  Pope,  l.c.  ; c/.  J- 
Soc.  Chem.  Ind.  1919,  38,  348,  T,  et  seq.). 

The  conditions  for  its  preparation  on  a 


technical  scale  by  this  reaction  were  worked  out 
by  A.  G.  Green. 

A continuous  vacuum  still  for  its  manu- 
facture is  described  by  Streeter  (J.  Ind.  Eng. 
Chem.  1919,  11,  292). 

j8/3'-I)ichloroethyl  sulphide,  when  pure,  boils 
at  120°/34  mm.,  122’5°/37  mm.,and217°/760  mm. 
and  readily  solidifies  in  cold  weather,  forming 
long,  colourless  needles  or  prisms,  which  melt 
at  13 '5°  to  a liquid  of  sp.gr.  15°/4°=1‘285. 
It  is  almost  insoluble  in  water,  and  is  readily 
hydrolysed  by  boiling  with  an  alcoholic  solution 
of  soda.  For  other  physical  properties,  see 
Gibson  and  Pope ; for  a number  of  synthetic 
reactions,  see  Davies  (Chem.  Soc.  Trans.  1920, 
117,  297).  It  causes  intense  inflammation  and 
suppuration  when  in  contact  with  the  skin  or 
when  breathed.  First  used  on  account  of  its 
physiological  and  toxic  action  as  an  offensive 
agent  by  the  Germans  during  an  attack  on 
Ypres  in  June,  1917. 

For  a method  of  quantitative  estimation  of 
the  substance  in  air,  see  J.  Amer.  Chem.  Soc. 
1920,  42,  266. 

The  existence  of  the  so-called  chloroethylene 
dithiodichloride  (C2H3Cl)282Cl2  (?),  said  to  be 
obtained  by  the  action  of  C2H4  upon  boiling 
S2CI2,  and  described  as  a light  yellow  liquid 
with  a pleasant  smell,  is  doubtful. 

On  treating  j8^'-dichloroethyl  sulphide  with 
concentrated  nitric  acid  it  is  converted  into 
^^'-dichloroethyl  sulphoxide  (CH2CTCH2)2SO, 
colourless  plates,  m.p.  51°,  and  afterwards  the 
sulphone  (CH2CTCH2)2S02,  m.p.  110°  (Spica, 
Gazz.  chim.  ital.  1919,  49,  ii.  299).  Treated 
with  bromine  the  dichloroethyl  sulphide  yields 
(CH2CTCH2)2S,2Br2,  an  orange -coloured  sub- 
stance which  rapidly  loses  bromine,  and  is  con- 
verted into  a bright-yellow  solid 

(CH2CPCH2)2S,Br2 
m.p.  43°-44°  (Gibson  and  Pope). 

Ethylenethiocyanate  C2H4(SCN)2 ; m.p.  90°. 
From  CH2CbCH2Cl  and  alcoholic  KCNS  (Son- 
nenschein,  J.  1855,  609  ; Buff,  Annalen,  100, 
229)  ; CH2Br*CH2Br  may  be  used  with  advantage 
(Glutz,  ibid.  153,  313) ; forms  rhombic  plates 
slightly  soluble  in  cold  water,  more  so  in  hot, 
and  in  alcohol,  decomposed  by  heat,  volatile 
in  steam  ; its  vapour  excites  tears. 

Ethylidene  acetamide  CH3CH(NHC2H30)2 ; 
m.p..  169°  ; formed  by  acting  on  acetamide  with 
aldehyde  ; forms  large  prisms  decomposed  by 
acids  (Tawildarow,  Ber.  5,  477). 

Ethylidene  acetate  CH3-CH(C2H302)2  ; 

169°  ; sp.gr.  1-061  at  12°.  From  aldehyde  and 
(C2H 36)20  at  180°  (Geuther,  Annalen,  106,  249)  ; 
from  alcoholic  C2H3O2K  and  CH3CHC1-C2H302 
(Schiff,  Ber.  9,  304) ; by  passing  acetylene  into 
a solution  of  mercuric  oxide  m glacial  acetic 
acid  to  which  an  alkyl  sulphate,  particularly 
methylene  sulphate,  has  also  been  added  (Eng. 
Pat.  112766,  1918);  or  ;8-naphthalene  sulphonic 
acid  dissolved  in  glacial  acetic  acid  may  be 
used  instead  (Eng.  Pat.  112765)  ; has  a smell 
like  that  of  onions,  and  is  decomposed  by  water 
into  aldehyde  and  acetic  acid. 

Ethylidene  azine  CH3CH : N -N : CHCH3 ; b.p. 
95°-96°  at  760  mm.  ; sp.gr.  0*832  at  17°.  Pre- 
pared by  shaking  an  ethereal  solution  of  aldehyde 
with  an  aqueous  solution  of  hydrazine  hydrate. 
At  180°  it  is  unchanged,  but  at  a higher  tempera- 
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ture  gives  off  nearly  all  its  N as  gas.  It  is  fairly 
stable  to  alkalis,  but  is  hydrolysed  by  acids  into 
aldehyde  and  hydrazine  (Curtius  and  Linkeisen, 
J.  pr.  Chem.  1898,  [ii.]  58,  310). 


Ethjiidene  biuret  NH<^^;™>CH-CH3, 


Trigenic  acid^  by  leading  HCNO  into  well-cooled 
aldehyde  (Liebig  and  Wohler,  Annalen,  59,  296), 
crystallises  in  small  prisms,  slightly  soluble  in 
water,  nearly  insoluble  in  alcohol,  has  a slightly 
acid  taste.  When  heated,  liberates  COg,  NH3, 
and  traces  of  collidine  CgHj^N  (Herzig,  Monatsh. 
2,  398).  Is  hardly  decomposed  by  NaBrO. 
HNO3  decomposes  it  and  liberates  cyanuric  acid. 
The  silver  compound  AgC4HgN302  forms 
amorphous  precipitate,  soluble  in  boiling  water. 

Ethylidene  bromide  CHs-CHBrg,  b.p.  114°- 
115°  (Tawildarow,  ibid.  176,  12),  109°-110°  at 
751  mm.  (Denzel,  ibid.  195,  202),  110*5°  at 
760  mm.  (Anschutz,  ibid.  221,  137),  108°-110° 
(corr.)  (Perkin,  Chem.  Soc.  Trans.  45,  523) ; 
b.p.  i07°-108°  (V.  Meyer  and  Muller,  J.  pr. 
Chem.  [2]  46,  168);  sp.gr.  2*129  at  10°  (T.), 
2*1001  at  17*5°/4°,  2-0891  at  20*5°/4°  (Anschutz) 
2 0822  at  21*5°/4°,  2*1029  at  15°,  2-0854  at 
25°  (P.).  Erom  CgH-Br  and  Br  at  170°  (Hof- 
mann, Proc.  Roy.  Soc.  10,  619  ; Caventou, 
Compt.  rend.  52,  1330).  Is  produced  by  action 
of  PCl3Br2  but  not  of  PBrg  upon  aldehyde 
(Paterno  and  Pisati,  Ber.  5,  289)  ; also  by 
heating  CHg : CHBr  with  HBr  to  100°  (Reboul, 
Compt.  rend.  70,  398).  A heavy  liquid  ; alcoholic 
KHS  has  no  action  upon  it.  On  heating  with 
water  and  PbO  to  130°,  aldehyde  and  HBr  are 
produced  (T.).  With  SbClg  gives  CH3*CHCl2 
(Henry,  Bull.  Soc.  chim.  [ii.]  42,  262). 

Ethylidene  bromiodide  CH3CHBrI ; m.p. 
below  —20°  ; b.p.  142°-143°  ; sp.gr.  2-50  at  1°, 
2*452  at  16°.  Erom  C2H3Br  and  HI  in  the  cold 
(Pfaundler,  J.  1865,  483  ; Reboul,  Annalen, 
155,  212)  ; by  shaking  CH3CHI2  with  IBr 
solution  (Simpson,  Bull.  Soc.  chim.  [ii.]  31,  412)  ; 
decomposed  by  alcoholic  KOH  or  Ag^O  into  HI 
and  C2H3Br  ; Br  yields  CHgCHBra- 

Ethylidene  chlorobromide  CHgCHClBr ; m.p. 
16-6°  (corr.)  (Schneider,  Zeitsch.  physikal.  Chem. 
19,  157) ; b.p.  84°-84*5°  at  750  mm.,  82-7°  at 
760  mm.  (Stadel,  Ber.  15,  2563) ; sp.gr.  1-667 
at  16°.  Erom  C2H3Br  and  concentrated  HCl 
at  100°  (Reboul,  Annalen,  155,  215)  ; from 
CgHgCl  and  Br  in  sunlight  (Denzel,  ibid.  195, 
193).  By  action  of  Cl  upon  C2HgBr  (Lescoeur, 
Bull.  Soc.  chim.  [ii.]  29,  483).  Is  decomposed  at 
ordinary  temperature  by  alcoholic  KOH  on  long 
standing  ; with  AggO  gives  aldehyde  ; and  with 
AgC2H302  forms  CH3CH(C2H302)2  (L.). 

Ethylidene  chloriodide  CH3CHCII ; b.p. 
117°-119°  ; sp.gr.  2-054  at  19°.  By  agitating  a 
mixture  of  CH3CHI2  and  ICl ; formed  also  from 
CH3CHCI2  and  AI2I6  (Simpson,  Bull.  Soc.  chim. 
[ii.]31,  411). 

Ethylidene  or  Ethidene  chloride  CH3CHCI2 ; 
m.p.  —101-5°  (Schneider,  Zeitsch.  physikal. 
Chem.  22,  233),  b.p.  57*4°-57-6°  at  750*9 
mm.,  sp.gr.  1-1743  at  20°/4°  (Briihl,  Annalen, 
203,  11),  1-2124  at  0°,  1*1805  at  22°/0°  ; re- 
fractive index  (at  24*7°)  = 1*405724.  R-a 
= 34*1  (Kanonnikow)  ; b.p.  57°-57-7°  at  738*7 
mm.,  sp.gr.  1*2013  at  0°  (Pribram  and  Handl, 
Monatsh.  2,  650)  ; b!p.  50*7°-56-9°  at  749*1  mm., 
sp.gr.  1*1895  at  9-8°/4°,  1*11425  at  56*7°/4°  (R. 
Schiff,  Annalen,  220,  96),  57*32°  (corr.)  (Thorpe 


and  Rodger)  ; crit.  temp.  254*5°  (Pawlewsky, 
Ber.  16,  2633) ; H.C.p.  = 267-1  cals.  (Berthelot 
and  Ogier,  Bull.  Soc.  chim.  [ii.]  36,  68).  Erom 
C2H5PI  and  Cl  (Regnault,  Annalen,  33,  312) ; 
from  C2H4O  and  PCI5  (Beilstein).  By  action 
of  HCl  upon  copper  acetylene  (Sabanejeff, 
ibid.  178,  111).  Is  prepared  by  passing  a 
mixture  of  chlorine  and  C2H5CI  over  animal  char- 
coal heated  to  250°-400°  (Damoiseau,  Bull.  Soc. 
chim.  [ii.]  27,  113).  Is  obtained  as  a by-product 
in  the  manufacture  of  chloral.  Is  decomposed 
by  alcoholic  KOH  into  HCl  and  C2H3CI.  Sodium 
produces  at  180°-200°  hydrogen,  acetylene, 
ethylene,  ethane,  and  C2H3CI  (Tollens, 
Annalen,  137,  311).  By  action  of  Cl,  CH3CCI3 
and  CH2C1-CHC12  are  produced. 

Ethylidene  di-iso-nitramine  is  formed  by  the 
interaction  of  CO(Et)2,  or  COEtMe,  and  NO,  in 
C2H50Na.  The  lead  salt  is  anhydrous  and 
crystallises  in  eubes.  The  dimethyl  ether 
forms  rhombic  crystals,  and  melts  at  75°. 
The  t'so-nitramine  itself  is  hydrolysed  by 
mineral  acids  into  acetaldehyde  NH2OH  and 
oxides  of  N.  With  Na  amalgam,  is  reduced  to 
hydrazine  (Traube,  Annalen,  300,  120). 

Ethylidene  diethyl  ether 

CH3*CH(OC2Hg)2  (v.  Acetal). 

Ethylidene  dimethyl  ether  CH3CH(OCH3)2, 
Dimethyl  acetal ; b.p..  64-4°  (Dancer,  Annalen, 
132,  240),  62-7°-63-3°  at  757*6  mm.  (R.  Schiff, 
ibid.  220,  104)  ; sp.gr.  0*8787  at  0°,  0*8590  at 
14°,  0*8476  at  25°  (D.),  0-8013  at  62*7°/4°  (S.) ; 
capillarity  constant  at  b.p.  a^  — 4-092  (Schiff, 
Annalen,  223,  74)  ; occurs  in  crude  wood  spirit 
(D.)  : 2 volumes  of  wood  spirit,  1 volume  alde- 
hyde, and  ^ volume  of  glacial  acetic  acid  are 
heated  to  100°  (Alsberg,  J.  1864,  485)  ; also  by 
oxidation  of  CH3OH  and  C2H5OII  by  Mn02  a-nd 
H2SO4  (Wurtz). 

Ethylidene  methyl  propyl  ether 

CH3*CH(0CH3)(0C3H7) 

b.p.  103°-105°  (Bachmann,  Annalen,  218,  46). 

Ethylidene  ethyl  propyl  ether 

CH3*CH(OC2Hg)(OC3H,) 
b.p.  124°-126°  (Bachmann,  l.c.). 

Ethylidene  dipropyl  ether  CH3-CH(OC3H7)2 ; 
b.p.  146°-148°,  sp.gr.  0-825  at  22°  (Girard,  J. 
1880,  695). 

Ethylidene  methyl  isobutyl  ether 

CH3-CH(0CH3)(0C4H9) 

b.p.  125°-127°  (Claus  and  Trainer,  Ber.  19, 
3005  ; Bachmann,  l.c.). 

Ethylidene  ethyl  isobutyl  ether 

CH3-CH(OC2Hg)(OC4H3)  • 

b.j).  155°  (Claus  and  Trainer,  l.c.). 

Ethylidene  di  isobutyl  ether  CH3*CH(OC4H9)2; 
b.p.  108°-170°,  sp.gr.  0-816  at  22°  (Claus  and 
Trainer,  l.c.  ; Girard,  l.c.). 

Ethylidene  methyl  isoamyl  ether 
CH3-CH(OCH3)(OCgH44) 
b.p.  141°-144°  (Bachmann,  l.c.). 

Ethylidene  ethyl  isoamyl  ether 

CH3-CH(OC2Hg)(OCgH,,) 
b.p.  165°-167°  (Claus  and  Trainer,  l.c.). 

Ethylidene  di  isoamyl  ether 

CH3CH(OCgH44)2 

b.p.  210*8°  (corr.),  sp.gr.  0-8347  at  15°  (Claus 
and  Trainer,  l.c.). 
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Ethylidene  hydramine  CH3*CH(OH)NH2  v. 

Aldehyde-ammonia,  art.  Aldehyde. 

Ethylidene  imine  CH3CH : NH  ; m.p.  about 
85°  ; b.p.  123°-124°.  If  aldehyde  ammonia  be 
kept  in  vacuo  over  H2SO4  for  several  days,  the 
imine  is  formed.  It  crystallises  in  brilliant 
colourless  crystals,  which  have  an  odour  like 
acetamide.  It  is  soluble  in  water,  EtOH, 
CH3COOH,  CHCI3,  CeHg,  and  toluene.  The 
vapour  density  at  260°  agrees  with  the  simple 
formula,  but  at  lower  temperatures  the  V.D.  is 
higher.  It  forms  a picrate,  and  combines  with 
HCN  to  form  CH3-CH(NH2)CN.  It  polymerises 
to  form  trimeric  ethylidine  imine 


^-NH-CHMe 

LE^e^H-CHMe 


NH 


which  forms  a trinitroso-  derivative,  with 
N2O3  in  CHCI3  ; opaque  yellow-white  needles, 
melting  at  161°  (Helepine,  Compt.  rend.  1897, 
125,  951  ; and  1907,  144,  853). 

Ethylidene  iodide  CH3CHI2 ; b.p.  177°-179° ; 
sp.gr.  2-84  at  0°.  By  combination  of  C2H2  and 
HI  (Berthelot,  Annalen,  132,  122  ; Semenow, 
Zeitsch.  Chem.  1865,  725)  ; from  CH3CHCI2  and 
Al2le  (Gustavson,  J.  Russ.  Rhys.  Chem.  Soc.  6, 
164)  ; from  CgHgBr  and  HI  (Eriedel,  Ber.  7, 
823).  Decomposed  by  alcoholic  KOH  into  HI 
and  C2H3I. 

Ethylidene  malonie  acid  CH3-CH:C(COOH)2 ; 
only  known  in  combination,  the  ethyl  ester 
CH3CH : C(C00C2H5)2,  b.p.  220°,  115°-118° 
at  17  mm.  ; sp.gr.  1-0435  at  15°.  From 
CH2(C02Et)2  (1  mol.)  aldehyde  (2  mols.), 

and  (CaHsO^aO  (1|^  mols.)  at  100°  (Komnenos, 
Annalen,  218,  157).  An  ethereal  oil  smelling  of 
camphor ; by  long  contact  with  Ba(OH)2  in 
the  cold  yields  ethoxy  malonie  acid  Cgll^Og, 
malonie  acid  O3H4O4,  and  aldehyde. 

Ethylidene  oxide  CHa-CHO  v.  Aldehyde. 

Ethylidene  ethylene  oxide 


CHa-CH 


OCH 

OCH 


2 

2 


b.p.  82°  (Verley,  Bull.  Soc.  chim.  [hi.]  21,  276), 
82-5°  at  765*8  mm.  ; sp.gr.  1-002  at  0°.  From 
aldehyde  and  excess  of  glycol  at  100°  (Wurtz, 
Compt.  rend.  53,  378  ; Annalen,  120,  328) ; a 
liquid  with  irritating  smell,  soluble  in  1|  vols. 
water,  from  which  CaCla  separates  it ; with 
acetic  acid  gives  glycol  diacetate. 

Ethylidene  ethoxyacetate  CH3CH(OEt)OAc ; 
b.p.  125°-130°  ; sp.gr.  0*941.  . By  heating  to- 
gether acetal  and  acetic  anhydride  for  3 hours 
at  150°.  A pleasant-smelling  oil,  slowly  decom- 
posed by  cold  water  into  alcohol,  aldehyde,  and 
acetic  acid,  rapidly  on  boiling. 

Ethylidene  sulphonic  acids. 

1.  Ethylidene  hydroxy  sulphonic  acid 


CH3CH(0H)(HS03) 

Salts  of  this  acid  are  formed  by  action  of  alde- 
hyde upon  alkaline  hydrogen  sulphites  ; they 
are  crystalline  bodies,  soluble  in  water,  and 
decomposed  on  heating  into  water,  aldehyde, 
and  sulphites. 

2.  Ethylidene  chlor sulphonic  acid 
CH3-CH-C1(S03H) 

obtained  by  action  of  CH3CHCI2  upon  neutral 
alkaline  sul])hites  at  140°  ; the  salts  are  crys- 
talline, and  the  acid  is  fairly  stable. 


3.  Ethylidene  disulphonic  acid 


CH3CH(S03H)2 


By  oxidation  of  trithioaldehyde  (C2H4S3)  or 
thialdin  by  KMn04  solution  (Guareschi,  Gazz. 
chim.  ital.  9,  75  ; Annalen,  222,  302).  10  grams 

thialdin  are  treated  with  30-35  grams  ZnMugOg 
and  300  grams  water  ; after  filtering,  BaH202 
is  added  and  excess  of  Ba  precipitated  by  CO  2 ; 
the  Ba  salt  is  then  precipitated  by  alcohol.  It 
forms  a strongly  acid  oily  liquid,  very  soluble 
in  water  and  alcohol,  and  is  very  stable  ; forms 
stable  salts  Na2C2H4S20g,H20,  small  silky 
crystals  soluble  in  6071  parts  of  alcohol  (90  p.c.) 
at  24-5° ; K2C2H4S20g,2H20  forms  large 

transparent  crystals  soluble  in  1*56  parts  of 
water  at  17°. 

ETHYL  ACETATE  Allcyl  acetates,  art. 
Acetic  acid. 

ETHYL-m-AMINOPHENOL 

OH 


>NH-CHL 


(1)  Prepared  by  adding  monoethyl  aniline 
to  fuming  sulphuric  acid,  converting  the  ethyl 
aniline -m- sulphonic  acid  into  the  sodium  salt, 
melting  this  with  potassium  hydroxide  at  220°, 
dissolving  the  product  in  water,  and  acidifying 
with  hydrochloric  acid.  The  filtered  solution  is 
neutralised  with  sodium  carbonate,  and  the 
mono  ethyl-m-amino  phenol  extracted  with 
benzene  (Bad.  Anil,  und  Soda  Fabrik.  D.  R.  P. 
48151). 

(2)  Sodium-w-phenylene  oxamate 


CgH4(NH-C0-C02Na)2 


is  mixed  with  sodium  ethyl  sulphate,  alcohol, 
and  sodium  carbonate,  and  heated  in  an  auto- 
clave fitted  with  a stirrer  to  180°.  After  dis- 
tilling off  the  alcohol,  and  extracting  the  mass 
with  water,  the  residue  is  boiled  with  dilute 
sulphurie  acid,  and  the  cooled  solution  of 
ethyl-w-phenylenediamine  sulphate  is  mixed 
with  sodium  nitrite,  warmed,  and  neutralised 
with  sodium  carbonate  {idem.  D.  R.  P.  76419). 

(3)  Aniline-2  : 5 -disulphonic  acid  is  neutra- 
lised with  alkali,  and  the  solution  diluted, 
mixed  with  sodium  ethyl  sulphate,  and  heated 
in  an  autoclave  to  170°-180°.  Sodium  carbonate 
is  added  to  the  cooled  solution  Avhich  precipitates 
ethyl-w-amniophenol  (Farberfabrik.  vorm.  F. 
Bayer  & Co.,  D R.  P.  82765)  ; m.p.  62°  ; 
b.p.  176°/12  mm. 

ETHYLANILINE 


Is  manufactured  by  heating  aniline  hydro- 
chloride with  alcohol  in  an  autoclave  at  180°. 
The  hydrochloride  separates  out  on  cooling. 
Or  aniline  hydi'ochloride  may  be  boiled  with 
diethylaniline  under  a reflux  condenser,  hydro- 
chloric acid  added,  and  the  hydrochloride 
separated  by  crystallisation.  The  base  boils~at 
206°/760  mm.  ; sp.gr.  0*954  at  18°.  Yields 
methyl  ethyl  anilme  on  methylation,  and 
benzyl  ethyl  aniline  on  benzylation. 

ETHYLBUTYLACETIC  ACIDt?.  Octoic  ACIDS. 
ETHYL  iio-BUTYLACETIC  ACID  v.  Octoic 

ACIDS. 

ETHYL  BUTYRATE  v.  Butybic  ACID. 


EUCALYPTUS  MACRORHYNCHA.  685 


ETHYL  DIPHENYLAMINE  v.  Uiphenyla- 

MINE. 

ETHYLKETENE  v.  Ketenes. 
ETHYLKETENECARBOXYLATEp.Ketenes. 
ETHYLMALONIC  ACID  v.  G-lutartc  acid 
and  Malonic  acid. 

ETHYLMORPHINE  Opium. 
ETHYLPROPYLACETIC  ACID  v.  Heptoic 

ACIDS. 

ETHYL  0-TOLUIDINE 

CH3 

<^NH-C2H5 

May  be  prepared  by  heating  a mixture  of  0- 
toluidine,  ethyl  alcohol,  and  hydrochloric  acid, 
or  a mixture  of  o-toluidine,  ethyl  alcohol,  and 
a small  quantity  of  iodine.  Boils  at  213°-214'^  ; 
sp.gr.  0*9534. 

EUBORNYL.  Trade  name  for  bornyl-a- 
bromo-i-sovalerate,  obtained  by  brominating 
chloro-isovaleric  acid  and  esterifying  borneol 
with  the  product.  A syrupy  aromatic  liquid  ; 
b.p.  175°-178°.  Used  as  a sedative  (v.  Syn- 
thetic drugs). 

a-EUCAINE.  Methyl  ester  of  N-methyl- 
benzoyl-triacetone-alkamine  carboxylic  acid. 
First  obtained  by  Merling  (Ber.  Deut.  pharm. 
Ges.  1897,  173)  by  acting  on  acetone  with 
ammonia  to  form  triacetoneamine,  treating  this 
with  hydrocyanic  acid  to  form  the  cyanhydrin. 


which  by  hydrolysis  yields  triacetone-alkamine- 
carboxylic  acid.  On  benzoylation  and  methyla- 
tion  it  forms  a-eucaine.  Formerly  employed  as 
a substitute  for  cocaine.  Its  use  is  now  super- 
seded by  ^-eucaine,  which  is  less  painful  and  not 
so  toxic. 

;8-EUCAINE  (benzoyl-vinyl-diacetone-alka- 
mine) 


A local  anesthetic,  used  chiefly  as  the  lactate 
or  hydrochloride,  in  2-3  p.c.  solution.  Is  pre- 
pared by  condensing  acetone  with  oxalic  acid 
and  ammonia  to  form  the  hydrogen  oxalate  of 
diacetoneamine,  condensing  this  with  paralde- 
hyde to  produce  the  cyclic  vinyl-diacetoneamine 
(Harries,  Annalen,  1897,  328  ; 1898,  346), 

reducing  by  means  of  sodium  amalgam  to  a 
mixture  of  the  cis  and  trans  forms  of  the  tri- 
methyl hydroxy  piperidine  (D.  R.  P.  95622), 
treating  with  sodium  amylate  to  produce  the 
cis  form  only  of  this  compound  (D.  R.  P. 
95621),  and  treating  with  benzoyl  chloride 
(D.  R.  P.  97672),  and  finally  with  hydrochloric 
or  lactic  acid  to  obtain  the  corresponding  salt 
of  j8-eucaine. 


CO 

CO 

CH3 

H i CH2 

CH3  CH2 

+ 

0:C(CH2)3 

1 

+ 

H ; 

1 

C(CH3)o 

/ 

NH2 

NH2 

2 (Acetone -f- Ammonia 


CH-O-CO-CsHg 


CH2  CH2 
CH3-(JH  C!(CH3)2 
NH 

Base  of  /3-Eucaine 


Diacetoneamine 


<- 

CgHgCO-CJ 


CTTg-CHO 


CO 


CH2  CH2 


CH3— C— H C(CH3)2 

Vinyl-diacetoneamine 

Reduction 

CHOH 

CH,  CH2 

I “ I 

CH3-CH  C(CH3)2 

NH 

Vinyl-diacctone-alkamine 


EUCAINE,  EUCHININ,  EUCODIN,  EUCOL, 

EUDOXIN  V.  Synthetic  drugs. 

EUCAIRITE.  Selenide  of  silver  and  copper 
(Ag,Cu)2Se,  crystallising  in  the  cubic  system. 
It  is  lead-grey,  but  usually  tarnished  and  dull ; 
sp.gr.  7*5.  It  is  found  massive  and  granular 
embedded  in  calcite  in  the  Skrikerum  copper 
mine  in  Smaland,  Sweden,  and  in  the  Cacheuta 
mine  in  the  province  of  Mendoza,  Argentina. 

L.  J.  S. 

EUCALYPTOL.  The  volatile  oil  of  the 
leaves  of  Eucaly2)tus  globulus,  consists  mainly 
of  a body  CipHigb  ; b.p.  176°-177°  ; sp.gr.  0*923 
at  16°.  It  is  optically  inactive,  has  a camphor- 
like smell,  and  is  probably  identical  with  cineol 
and  cajeputol  {v.  On.s,  Essential). 

EUCALYPTUS  GUM  v.  Kino. 

EUCALYPTUS  MACRORHYNCHA.  Euca- 
hj'pius^macrorliyncha  (F.  v.  M.),  a fair-sized  tree, 
is  the^‘  red  stringy  bark  ’ of  New  South  Wales, 


and  the  ordinary  stringy  bark  tree  of  Victoria 
(Smith,  Chem.  Soc.  Trans.  1898,  73,  697). 

The  leaves  yield  under  favourable  conditions 
a very  large  amount  (10  p.c.)  of  a crystalline 
glucoside  termed  by  Smith  myrticolorin,  which 
can  be  isolated  in  the  crude  condition  by  mere 
extraction  with  boiling  water.  The  solution  on 
cooling  became  semi-solid  owing  to  the  separa- 
tion of  crystals,  and  these  can  be  purified  by 
extraction  with  ether  to  remove  chlorophyll 
and  crystallisation  first  from  alcohol  and  subse- 
quently from  water.  It  formed  pale -yellow 
needles,  gave  on  hydrolysis  quercetin  and 
glucose,  and  at  first  appeared  to  bo  a new 
glucoside  of  quercetin.  Though  very  similar  to 
rutin  its  identity  with  this  glucoside  was  unsus- 
pected in  that  rutin  by  hydrolysis  was  pre- 
sumed at  that  time  to  give  quercetin  and  2 
molecules  of  rhamnose  (Schunck,  ibid.  1888, 
53,  264).  Schmidt  m 1908  (Arch.  Ifiiarm.  216, 
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214),  however,  pointed  out  that  rutin  in  this 
manner  yields  not  only  rhamnose  but  glucose, 
and  the  probability  that  myrticolorin — as  also 
viola  quercitrin  and  osyritrin — were  identical 
with  rutin  was  subsequently  confirmed  by  Perkin 
{ibid.  1910,  97,  1776).  A.  G.  P. 

EUCALYPTUS  OIL  v.  Oils,  Essential. 
EUCALPYTUS  RESIN  i;.  Resins. 

EUCLASE.  Basic  silicate  of  aluminium  and 
glucinum  (GIO,  17*3  p.c.)  HGlAlSiOg,  crystal- 
lising in  the  monoclinic  system.  The  well- 
developed  crystals  have  a very  perfect  cleavage 
parallel  to  the  plane  of  symmetry,  hence  the 
name,  from  ev,  well,  and  uKaffis,  fracture. 
They  are  colourless,  yellow,  green,  or  blue ; 
sp.gr.  3*1  (higher  than  that  of  beryl)  ; H.  74. 
The  mineral  is  not  attacked  by  acids,  and  the 
water  is  expelled  only  at  a high  temperature. 
It  is  found  as  single  isolated  crystals  in  gold 
washings  at  Ouro  Preto  in  Brazil,  and  on  the 
River  Sanarka  in  the  southern  Urals.  Minute 
crystals  have  also  been  found  in  mica-schist  in 
the  Grossglockner  district  of  the  Austrian  Alps, 
and  in  granite  in  the  Fichtelgebirge,  Bavaria. 
The  mineral  is  occasionally  cut  as  a gem-stone, 
but  it  has  the  drawback  that  it  readily  splits 
along  the  perfect  cleavage.  L.  J.  S. 

EUCODAL.  Trade  name  for  the  hydro- 
chloride of  dihydrohydroxycodeinone.  Used  as 
a narcotic. 

EUCODEINE.  Syn.  for  codeine  methyl 
bromide. 

EUCOL.  Trade  name  for  guaicol  acetate. 

EUCOLITE  V.  Eudialyte. 

EUCRYPTITE.  Orthosilicate  of  aluminium 
and  lithium  (LiaO,  11*9  p.c.)  LiAlSi04,  crystal- 
lising in  the  hexagonal  system  and  belonging 
to  the  nephelite  group  of  minerals.  It  occurs 
intimately  intergrown  with  albite  as  an  altera- 
tion product  of  spodumene  at  Branchville, 
Connecticut.  An  artificial  orthorhombic  form 
of  LiAlSi04,  dimorphous  with  eucryptite,  has 
been  called  pseudo-  or  ^-eucryptite  (F.  M.  Jager 
and  A.  Simek,  1914).  L.  J.  S. 

EUCUPIN.  Trade  name  for  ^'so-amylhydro- 
cuprein. 

EUDESMIN  C22ll20Og  occurs  in  the  kinos 
of  eucalyptus  species,  the  oils  of  which  contain 
cineole  and  pinene,  but  not  phellandrene.  It 
may  be  obtained  by  extracting  a concentrated 
aqueous  solution  of  the  kino  with  ether,  purifying 
by  treatment  with  chloroform,  and  crystallising 
from  methyl  alcohol.  Colourless  prismatic 

needles,  m.p.  107°,  —64*4°  (in  chloroform). 

Contains  4 methoxy-  groups,  and  is  unacted 
upon  by  hydroxyl  or  ketone  reagents.  Red 
solution  with  sulphuric  acid.  Nitric  acid  con- 
verts it  into  dinitfoeudesmin,  colourless  needles, 
m.p.  214°.  Boiling  cone,  nitric  acid  forms 
4 : 5-dinitroveratrole  (2  mols).  Chlorine  in 
acetic  acid  solution  gives  dichloroeudesmin ; 
colourless  rectangular  plates,  m.p.  163°.  Di- 
bromoeudesmin,  prepared  in  like  manner,  colour- 
less needles,  m.p.  172°,  [a]^^  4-69*4°  (in  chloro- 
form) ; this,  on  oxidation  with  permanganate, 
^ives  6-bromoveratric  acid,  m.p.  184°.  Di- 
lodoeudesmin,  needles,  m.p.  175°  (Robinson  and 
Smith,  J.  Roy.  Soc.  New  South  Wales,  1914, 
48,  449). 

EUDIALYTE.  Silicate  and  zirconate  (Zj-Og, 


14-16  p.c.)  of  sodium,  calcium,  and  ferrous  iron, 
occurring  as  large  well-developed  rhombohedral 
crystals.  These  are  brownish-red  or  rose-red  in 
colour  ; sp.gr.  2*9-3 *1.  The  mineral  occurs  in 
nepheline-  and  sodalite  syenites  in  the  Juliane- 
haab  district  in  south  Greenland,  at  Magnet 
Cove  in  Arkansas,  on  Sedlovatoi  Island  in  the 
White  Sea,  and  on  the  Kola  peninsula  in  Russian 
Lapland.  The  name  eudialyte,  from  eu,  well, 
and  diaXv^iv,  to  dissolve,  refers  to  the  fact  that 
the  mineral  is  readily  decomposed  by  acids. 

Eucolite,  a closely  related  variety,  differs  in 
being  optically  negative,  instead  of  positive. 
This  is  from  the  nepheline-syenites  of  the 
Langesundsfjord  in  Norway.  L.  J.  S. 

EUDRENINE,  A solution  containing  eucaine 
and  adrenaline. 

EUFORMOL.  Dextrin  formaldehyde. 

EUGENOL  (H0)(CH30)C6H3*CH2*CH  : CHg 
(C3H5  : CH3O  : HO-1  : 3 : 4)  occurs  m oil  of 
cloves  from  the  leaves  of  Eugenia  caryopliyllala 
(Thunb.)  (Bonastre  and  Ettling,  Annalen,  9,  68) ; 
in  the  oil  from  the  leaves  of  the  Ceylon  cinnamon 
tree  (Stenhouse,  Annalen,  95,  103  ; Schimmel 
& Co.,  Chem.  Zentr.  1902,  ii.  1486)  ; from 
Ginnamomum  pedatinervium  (Meissn.)  (Goulding, 
Chem.  Soc.  Trans.  1903,  1101),  C.  Tamala  (Nees 
et  Eberm.)  (Schimmel  & Co.,  Chem.  Zentr.  1910, 
i.  1720),  C.  cassia  (Plume),  and  C.  zeylanicum 
(Nees)  (Duyk,  Chem.  Zentr.  1896,  ii.  358  ; Weber, 
Arch.  Pharm.  230,  232)  ; from  the  fruit  of 
Phnenta  officinalis  (Lindl.)  (Bonastre,  l.c.  ; Oeser, 
Annalen,  131,  277) ; from  the  sap  of  Acacia 
Farnesiana  (Willd.)  (Walbaum,  J.  pr.  Chem.  68, 
[2]  235) ; in  the  oil  from  Ocimum  Basilicum  (Linn. } 
(Schimmel  & Co.,  Chem.  Zentr.  1900,  i.  906)  ; in 
calamus  oil  (Thoms  and  Beckstroem,  Ber.  1902, 
3187)  ; in  Ylang  Ylang  oil  (Schimmel  & Co., 
Chem.  Zentr.  1903,  i.  1087  ; ii.  272)  ; in  olive 
oil  from  Pugli  (Canzoneri,  Gazz.  chim.  ital.  1897, 
27,  ii.  1 ) ; in  oil  of  nutmeg  (Power  and  Salway, 
Chem.  Soc.  Trans.  1907,  2041);  in  sassafras 
leaves  and  bark  (Pomeranz,  Monatsh.  11,  101  ; 
Power  and  Kleber,  Chem.  Zentr.  1897,  ii.  42) ; 
in  the  oil  from  the  leaves  of  the  bay  tree  (Mitt- 
mann.  Arch.  Pharm.  27,  [3]  539) ; in  oil  from 
Maltese  oranges  (Gildemeister  and  Stephan, 
Arch.  Pharm.  235,  583),  and  in  other  ethereal 
oils.  The  methyl  ether  of  eugenol 

(CH3O)2C0H3*CH2*CH  : CH2 

occurs  in  the  oil  of  Asarum  canadense  (Linn.) 
(Power  and  Lees,  Chem.  Soc.  Trans.  1902,  67),  of 
A.  arifolium  (Michx.)  (Miller,  Arch.  Pharm.  240, 
371)  ; in  oil  from  Paracoto  bark  (Jobst  and 
Hesse,  Annalen,  199,  75  ; Wallach  and  Rhein- 
dorffj  ibid.  271,  300)  ; in  Ylang  Ylang  oil ; in 
oil  from  the  bark  of  Ginnamomum  pedatinervium  ; 
in  oil  from  Maltese  oranges  '{v.  supra)  ; and  in 
oil  of  citron  (Schimmel  & Co.,  Chem.  Zentr. 
1899,  ii.  879). 

Oil  of  cloves,  which  contains  eugenol  and 
a terpene  as  the  chief  constituents,  is  treated 
with  potash ; the  potassium  salt  of  eugenol 
separates,  is  pressed  out,  washed  with  alcohol, 
and  the  eugenol  set  free  by  the  addition  of  a 
mineral  acid  (Wasserman,  Annalen,  179,  369). 
It  is  obtained  by  a similar  process  from  oil  of 
cinnamon  leaves  or  from  that  oiPimenta  officinalis 
(Lindl.).  Another  method  consists  in  separating 
eugenol  from  oil  of  cloves  by  means  of  the  com- 
pound it  forms  with  sodium  acetate  (Chem. 
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Werke  Byk  D,  R,  P.  100418  ; Chem.  Zentr. 

1899,  i.  764).  In  the  former  process,  a residue 
is  left  after  treating  the  oil  of  cloves  with 
potash,  and  by  distilling  this  under  reduced 
pressure,  acetyl  eugenol,  m.p.  29°,  is  obtained 
(Erdmann,  J.  pr.  Chem.  1897,  [2]  56,  146).  By 
reducing  moniferin  in  alkaline  solution  with 
sodium  amalgam,  eugenol  is  formed  (Chiozza, 
Chem.  Zentr.  1888,  443).  Methyl  eugenol  (allyl 
guaiacol)  has  been  prepared  synthetically  by 
treating  veratrol  (dimethylcatechol)  with  allyl 
iodide  and  zinc-dust  (Moureau,  Compt.  rend. 
121,  721). 

Pure  eugenol  is  a colourless  oil ; b.p.  244-5° 
(Frankforter  and  Lando,  J.  Amer.  Chem.  Soc.  27, 
641),  247-5°  (Wassermann,  Annalen,  179,  366), 
253-5°  (corr.)  (Perkin,  Chem.  Soc.  Trans.  1896, 
1247)  ; sp.gr.  1-0785  at  4°/4°,  1-0734  at  10°/10°, 

1- 0663  at  20°/20°  ; specific  magnetic  rotation, 

2- 1974 ; molecular  magnetic  rotation  at  15°, 

18-727  (Perkin,  l.c.)  ; dielectric  constant,  6-0 
(Mathews,  J.  Phys.  Chem.  9,  641)  ; juj)  1-54437  ; 
sp.  heat,  0-5024 ; mol.  heat,  of  combustion, 
1304  cals.  (F.  & L.  l.c.).  Eugenol  reddens 

litmus,  smells  strongly  of  cloves,  and  has  a 
burning  taste.  It  does  not  reduce  Barreswil’s 
solution,  but  reduces  ammoniacal  silver  solu- 
tions on  long  standing.  Eugenol  may  be 
detected  by  the  following  reactions  ; (i.)  ferric 
chloride  imparts  a blue  colour  to  its  alcoholic 
solution  ; (ii. ) zinc  chloride  yields  a transitory 
pale-yellow  colour;  (hi.)  sulphuric  acid  gives 
first  a brown  colour,  changing  quickly  to  purple 
and  finally  to  wine-red  ; (iv.)  Burgess  (Analyst, 

1900,  25,  265)  makes  use  of  a reagent  prepared 

by  dissolving  10  grams  of  mercuric  salt  in  25  p.c. 
sulphuric  acid,  and  making  the  solution  up  to 
100  c.c.  with  the  latter.  By  shaking  2 c.c.  of 
eugenol  with  5 c.c.  of  the  reagent,  and  allowing 
the  solution  to  stand,  a pale  violet  colour  is 
developed.  (For  estimation  of  eugenol  in  oil 
of  cloves,  V.  Verley  and  Bosling,  Ber.  1901, 
3359  ; Thoms,  Chem.  Zeit.  1903,  27,  954 ; 
Arch.  Pharm.  241,  592 ; Spurge,  Pharm. 

J.  1903,  [4]  16,  701,  757;  Schimmel  & Co., 
Chem.  Zentr.  1903,  ii.  1124 ; Reich,  Zeitsch. 
Nahr.  Genussm.  1909,  18,  401.) 

Eugenol  and  its  derivatives  are  readily  con- 
verted into  the  corresponding  derivatives  of 
the  isomeric  isoeugenol  (v.  infra),  which  on 
oxidation  yields  vanillin  and  its  derivatives. 
Chromic  acid  oxidises  eugenol  to  acetic  acid, 
carbon  dioxide,  and  water  (Wassermann,  l.c.)  ; 
chromyl  chloride,  however,  combines  with 
eugenol,  and  on  decomposing  the  product  with 
water,  vanillin  can  be  extracted  (Novarine, 
U.S.  Pats.  365918,  365919  ; Ber.  Ref.  1896, 
812).  Nitric  acid  oxidises  eugenol  to  oxalic 
acid  and  a resin,  but  in  ethereal  solution,  5- 
nitro-eugenol  is  formed  {v.  infra).  Ferric 
chloride  oxidises  it  to  dehydroeugenol,  m.p. 
105°-106°  (Cousin  and  Herissey,  Compt.  rend. 
1908,  146,  1413).  Oxidise'H  with  potassium 
permanganate,  eugenol  yields  homovanillin, 
vanillin,  and  vanillic  acid  (Erlenmeyer,  Ber. 
1876,  273).  Hydrogenisation  of  either  eugenol 
or  woeugenol  in  the  presence  of  platinum  black, 
yields  dihydroeugenol  (propylguaiacol),  b.p. 
246°-248°  (Fournier,  Bull.  Soc.  chim.  [4]  7,  23). 

5-Nitroeugenol  is  prepared  by  acting  on 
eugenol  in  ethereal  solution  with  nitric  acid. 
It  forms  large  triclinic  crystals,  m.p.  43°-44° 


(Weselsky  and  Benedikt,  Monatsh.  3,  388). 
With  tin  and  hydrochloric  acid,  it  produces 
aminochlorhydroeugenol  hydrochloride  ; amino - 
chlorhydroeugenol  melts  at  97°.  Nitroeugenol, 
heated  with  acetic  anhydride  and  sodium  acetate, 
forms  nitro-aceto-eugenol,  m.p.  61°,  which, 
oxidised  by  potassium  permanganate  at  70° 
(Tiemann,  Ber.  1876,  418),  yields  nitrovanillic 
acid  C6H2(C00H)(0CH3)(0H)N02,  decom- 
posing at  210°  without  melting. 

Acyl  and  aryl  derivatives  of  eugenol  are 
obtained  by  treating  eugenol  with  acyl  or  aryl 
anhydrides  in  the  cold,  in  presence  of  some  con- 
densing agent  such  as  sulphuric  acid,  zinc 
chloride,  pyridine,  &c.  The  chlorides  may  be 
substituted  for  the  anhydrides  (Merck,  D.  R.  PP. 
103581,  109445  ; Chem.  Zentr.  1899,  ii.  927  ; 
1900,  ii.  407  ; Riedel,  D.  R.  P.  189333  ; Chem. 
Zentr.  1908,  i.  185  ; Pond  & Beers,  J.  Amer. 
Chem.  Soc.  19,  825).  Acetyl  eugenol,  which 
occurs  in  oil  of  cloves  (Erdmann,  J.  pr.  Chem. 
1897,  [2]  56,  146),  melts  at  29°,  and  boils  at 
281°-282°  (752  mm.)  (Freyss,  Chem.  Zentr. 
1899,  i.  835)  ; benzyl  eugenol  has  b.p.  235°, 
and  on  heating  with  potash  and  subsequently 
with  potassium  dichromate  and  sulphuric  acid, 
the  benzyl  ether  of  vanillin  is  obtained  (Boeh- 
ringer  and  Sons,  D.  R.  P.  65937  ; Ber.  Ref. 
1893,  211).  Eugenol  carbonate,  m.p.  93°-94°,  is 
obtained  by  passing  phosgene  gas  into  an  alkaline 
solution  of  eugenol ; on  treatment  with  ammonia, 
the  carbamate  is  formed  (E.  von  Heyden  Nachf. 
D.  R.  P.  58129  ; Ber.  Ref.  1892,  186)  ; the  car- 
bonate can  also  be  obtained  from  eugenol  and 
the  diphenyl  ester  of  carbonic  acid  (D.  R.  P. 
99057  ; Chem.  Zentr.  1898,  ii.  1190).  On 
adding  eugenol  to  a cooled  mixture  of  pyridine 
and  chlorsulphonic  acid  in  carbon  disulphide, 
potassium  eugenyl  sulphate,  m.p.  203°,  is  ob- 
tained ; the  latter  is  transformed  by  heating 
with  excess  of  potash  into  potassium  isoeugenyl- 
sulphate,  m.p.  223°,  which,  on  oxidation  with 
ozone,  yields  potassium  vanillin  sulphate 
(Verley,  Bull.  Soc.  chim.  1901,  [3]  25,  46). 
Eugenyl  acetic  acid 

CgH3(CH2-CH  : CH2)(0CH3)(0CH2-C02H) 

is  obtained  by  heating  eugenol  with  chloracetic 
acid  in  the  presence  of  sodium  hydroxide  for 
20  hours,  and  decomposing  the  sodium  salt  thus 
’formed,  with  hydrochloric  acid  ; m.p.  75°.  By 
heating  the  acid  with  potash  and  amyl  alcohol 
at  150°,  isoeugenyl  acetic  acid,  m.p.  92°-94°,  is 
produced ; and  oxidation  of  the  latter  with 
potassium  permanganate  yields  vanillin  acetic 
acid  (Gassmann  and  Krafft,  Ber.  1895,  1870). 

Eugenyl  phosphoric  acid  is  obtained  by 
treating  eugenol  with  phosphorus  oxychloride 
and  decomposing  the  resulting  chloride  with 
water  ; m.p.  of  anhydrous  acid,  105°  (Boehringer 
& Sons,  D.  R.  P,  98522  ; Chem.  Zentr.  1898, 
ii.  950  ; Oeser,  Annalen,  131,  277).  On 
heating  with  alcoholic  potash,  isoeugenyl 
phosphoric  acid  is  obtained,  and  by  heating  the 
acid  sodium  salt  of  the  latter  to  150°,  isoeugenol 
is  obtained  quantitatively. 

Eugenyl  alcohol  is  prepared  by  heating 
eugenol  in  20  p.c.  sodium  hydroxide  solution 
with  formaldehyde  at  60° ; m.p.  37°-38° 
(Monasse,  Ber.  1902,  3894). 

Eugenol  glucoside,  m.p.  132°,  is  produced  by 
the  action  of  acetochlorhydrose  on  the  potassium 
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salt  of  eiigenol  (Michael,  Amer.  Chem.  J.  6, 
336). 

Eiigenol  and  «5oeugenol  form  compounds 
with  proteins  which  are  stated  to  be  used 
in  the  treatment  of  tuberculosis  (Belart,  Eng. 
Pat.  9246,  26075;  Er.  Pat.  389889  ; J.  Soc. 
Chem.  Ind.  1908,  998  ; 1909,  1325). 

(For  compounds  with  iodine,  v.  E.  v.  Hey  den 
Nachf.  D.  P.  P.  70058  ; Ber.  Ref.  1893,  915  ; 
Ingle,  J.  Soc.  Chem.  Ind.  1904,  422.)  The  N- 
substituted  aminoethyl  compounds  of  eugenol- 
and  isoeugenol-  acetamide  are  stated  to  be  used 
as  local  anaesthetics  (Einhorn,  H.  R.  P.  208255  ; 
J.  Soc.  Chem.  Ind.  1909,  491). 

Bromine  in  excess  forms  with  eugenol,  di- 
bromeugenol  dibromide,  m.p.  IIS^-IRG,  which, 
treated  with  zinc -dust  in  alcoholic  solution, 
yields  dibromeugenol,  m.p.  59°  (Chasanowitz 
and  Hell,  Ber.  1885,  823  ; Auwers,  ihid.  1901, 
4266).  By  treating  eugenol  with  bromine  in 
chloroform  at  0°,  bromeugenol  is  formed  (Lando, 
J.  Amer.  Chem.  Soc.  1905,  27,  641).  Tribrom- 
eugenol  and  other  brom-  derivatives  {v.  Lando, 
l.c.  ; Auwers  and  Miiller,  Ber.  1902,  35,  114  ; 
Hell  and  Anwandter,  ihid.  1895,  2085). 

Eugenol  methyl  ether  occurs  in  several 
ethereal  oils,  and  can  be  obtained  from  veratrol 
{v.  supra).  It  is  also  obtained  by  the  action  of 
methyl  iodide  and  caustic  potash  on  eugenol 
(Ciamician  and  Silber,  Ber.  1890,  1164)  ; b.p. 
247°-248°.  It  is  readily  converted  into  iso- 
eugenol  methyl  ether,  b.p.  263°,  which  yields 
methyl  vanillin  and  veratric  acid  on  oxidation 
with  potassium  dichromate  and  sulphuric  acid. 

75oEugenol 

(HOifCHgO)  C6H3-CH:CH-CH3(C3H5:CH30:H0  = 1:3:4) 

occurs  in  small  quantities  in  oil  of  nutmeg  (Power 
and  Salway,  Chem.  Soc.  Trans.  1907,  2041),  and 
as  the  methyl  ether  in  the  oil  from  Asarum 
arifolium  (Michx.)  (Miller,  Arch.  Pharm.  240, 
37 1 ).  It  is  prepared  by  adding  5 parts  of  eugenol 
or  an  equivalent  quantity  of  oil  of  cloves  to  12-5 
parts  of  potash,  dissolved  in  18  parts  of  amyl 
alcohol,  and  heating  for  16-20  hours  at  140°. 
The  product  is  steam  distilled,  and  the  residue 
acidified  with  sulphuric  acid.  The  7<soeugenol 
separates  out,  is  washed  with  sodium  carbonate 
solution,  and  purified  by  distillation  (Tiemann, 
Ber.  1891,  2870  ; 1894,  2580  ; Lairi,  Eng.  Pat. 
17547;  J.  Soc.  Chem.  Ind.  1891,  854;  Haar-. 
mann  and  Reimer,  D.  R.  P.  57808  ; Ber.  Ref. 
1892,  94).  The  amyl  alcohol  may  be  replaced 
by  methyl,  ethyl,  or  butyl  alcohols  (Gassmann, 
Compt.  rend.  124,  38  ; F.  von  Heyden  Nachf. 
D.  R.  P.  70274  ; J.  Soc.  Chem.  Ind.  1892,  633). 
Other  methods  are  to  heat  eugenol  with  4 parts  of 
caustic  potash  and  some  water  at  220°  (Einhorn 
and  Frey,  E).  R.  P.  76982  ; Frdl.  iii.  863  ; Ber. 
1894,  2455)  ; to  heat  the  alkali  derivative  of 
eugenol  to  200°  in  the  absence  of  air  (Fritzsche, 
D.  R.  P.  179948  ; J.  Soc.  Chem.  Ind.  1907, 
1216)  ; and  to  heat  the  acid  sodium  salt  of  iso- 
eugenylphosphoric  acid  to  150°  {v.  Eugenyl- 
phos'pJioric  acid). 

isoEugenol  forms  colourless  crystals,  m.p.  33°; 
b.p.  264°-265°  (J.  Soc.  Chem.  Ind.  1892,  633), 
193-5°  (100  mm.),  and  266-5°-268-5°  (760  mm.)  ; 
sp.gr.  1-0994  at  4°^,  1-0944  at  10°/10°,  1-0872 
at  20°/20°  ; specific  magnetic  rotation  2-5578  ; 
molecular  magnetic  rotation  at  15°,  21-469 
(Perkin,  Chem.  Soc.  Trans.  1896,  1247).  On 


oxidation,  ^soeugenol  and  its  derivatives  yield 
the  corresponding  derivatives  of  vanillin.  Thus 
^soeugenol,  when  treated  with  sodium  peroxide, 
yields  vanillin  itself  (Haarmann  and  Reimer, 
Eng.  Pat.  11952,  14928  ; J.  Soc.  Chem.  Ind. 
1895,  506  ; 1897,  633  ; c/.  Majert,  H.  R.  P. 
82924  ; Ber.  Ref.  1895,  878).  Ozone  oxidises 
7soeugenol  in  the  same  way,  and  vanillin  is  also 
produced  by  the  electrolysis  of  the  sodium  salt 
of  tsoeugenol  and  subsequent  addition  of  acid 
(Otto  and  Varley,  U.S.  Pat.  553039,  553593  ; 
Ber.  Ref.  1896,  249  ; cf.  Otto,  Ann.  Chim. 
Phys.  1898,  [viii.]  13,  120).  Ferric  chloride 
oxidises  isoeugenol  to  dehydro isoeugenol,  m.p. 
133°  (Cousin  and  Herrisey,  Compt.  rend.  1908, 
147,  247). 

isoEugenol  is  readily  polymerised  by  small 
quantities  of  mineral  acids,  acid  chlorides,  or 
metallic  haloids,  forming  diisoeugenol,  which 
crystallises  in  colourless  needles,  m.p.  178° 
(F.  von  Heyden  Nachf.  D.  R.  P.  70274  ; J.  Soc. 
Chem.  Ind.  1892,  633),  180°  (Puxeddu,  Gazz. 
chim.  ital.  39,  i.  131).  Similarly,  the  ethyl 
ether  of  isoeugenol,  when  dissolved  in  alcohol 
and  treated  with  hydrogen  chloride  for  some 
hours,  polymerises  into  diethyldi^’soeugenol, 
m.p.  130°  (Puxeddu,  l.c.  ; Wassermann,  Annalen, 
179,  375). 

The  acyl  and  aryl  derivatives  are  obtained 
by  methods  similar  to  those  employed  for  the 
eugenol  compounds,  but  the  solutions  must  be 
kept  cool  to  prevent  polymerisation  taking  place  ; 
acetyl  isoeugenol,  m.p.  79°-80°  ; benzoyl  iso- 
eugenol,  m.p.  103°-104° ; benzyl  isoeugenol, 
m.p.  48°  (Pond  and  Beers,  J.  Amer.  Chem.  Soc. 
19,  825;  Merck,  D.  R.  PP.  103581,  109445; 
Chem.  Zentr.  1899,  ii.  927  ; 1900,  ii.  407  ; 

Haarmann  and  Reimer,  D.  R„  P.  57568  ; Ber. 
Ref.  1892,  93).  If  acetyl  chloride  is  added  to 
45oeugenol  at  54°,  and  the  temperature  is  finally 
raised  to  80°,  diacetyldi^soeugenol  is  obtained, 
and  by  hydrolysis  with  acids,  diisoeugenol  is 
formed  (Tiemann,  Ber.  1891,  2870  ; 1894,  2580). 
Methylene  chloride  reacts  with  an  alkaline  solu- 
tion of  eugenol  forming  methylenediisoeugenol, 
m.p.  50°-52°,  which  on  oxidation  yields  methyl- 
enedi vanillin  (Lesault  & Co.,  I).  R.  PP.  75264, 
76061  ; Ber.  Ref.  1894,  812,  928). 

5-Nitroisoeugeno!  is  formed  by  the  action  of 
nitric  acid  on  isoeugenol  in  acetic  acid  solution  ; 
on  recrystallisation  from  isobutyl  or  amyl 
alcohols  it  forms  a reddish-yellow  mass,  which 
decomposes  at  about  150°  (Puxeddu  and  Cornelia, 
Gazz.  chim.  ital.  1906,  36,  ii.  450). 

isoEugenol  carbonate  is  prepared  in  the  same 
way  as  eugenol  carbonate  {q.v.)  (F.  von  Heyden 
Nachf.  D.  R.  P.  61848  ; Ber.  Ref.  1892,  486). 

By  adding  excess  of  bromine  to  isoeugenol, 
bromisoeugenol  dibromide,  m.p.  138°-139°,  is 
formed.  If  only  1 molecule  of  bromine  is  added, 
an  unstable  isoeugenol  dibromide,  m.p.  95°,  is 
produced  Hi-  and  tri-isoeugenol  dibromides 
have  been  prepared  (Hell  and  Portman,  Ber. 
1895,  2088  ; Hell  and  Bauer,  Ber.  1904,  1128  ; 
Zincke  and  Hahn,  Annalen,  329,  1). 

isoEugenol  methyl  ether  occurs  in  the  oil  of 
Asarum  arifolium  {v.  supra).  It  can  be  pre- 
pared by  warming  eugenol  methyl  ether  with 
alcoholic  potash  (Ciamician  and  Silber,  Ber. 
1890,  1165)  or  by  treating  ^soeugenol  with 
dimethyl  sulphate  and  aqueous  potash  (Mannich, 
Arcli.  Pharm.  248,  127);  b p.  263°. 
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isoEugenol  is  distinguished  from  cugenol  by 
the  following  reactions  : (i.)  ferric  chloride  gives 
an  olive-green  colouration  with  its  alcoholic 
solution  ; (ii.)  zinc  chloride,  a bright  rose-pink 
colour  ; (hi.)  suJphuric  acid,  a rose-pink  colour 
changing  to  light-brown. 

EUGUFORM,  EUMYRDIN,  EUPHTHAL- 
MIN,  EUPORPHIN  v\  Synthetic  diiugs. 

EUKODAL.  Oxydihydrocodeinone  hydro- 
chloride. Used  as  a narcotic  (Freund  and 
Speyer,  Miinch.  med.  Woch.  1917,  64,  380). 

EULATIN.  Trade  name  for  a mixture  of 
p-bromobenzoic  acid,  o-aminobenzoic  acid,  and 
antipyrine, 

EUONYMUS  {Euonymi  Cortex,  B.P.)  (deleted 
from  U.S.  P.  1916)  is  the  root  bark  of  E.  atro- 
'purpureus  (Jaquin),  a shrub  indigenous  to  the 
United  States,  and  known  there  as  ‘ wahoo  ’ or 
‘ burning  bush.’  It  is  said  to  contain  an  amor- 
phous bitter  principle  and  a glucoside  euonymin  ; 
the  latter,  accordmg  to  Hans  Meyer  (c/.  Schmiede- 
berg.  Arch.  exp.  Path.  Pharm.  1883,  16,  163), 
possesses  a digitalis-like  action,  causing  systolic 
arrest  of  the  frog’s  heart  in  very  small  doses. 
Nothing  is  known  about  it  chemically.  For 
an  account  of  earher  investigations,  v.  Rogerson 
(Chem.  Soc.  Trans.  1912,  101,  1040),  who 
isolated  dulcitol  (2T  p.c.  of  the  bark)  and  other 
substances,  but  could  not  find  any  glucoside. 
The  latter  negative  result  may  have  been  due 
to  hydrolysis  by  the  steam  distillation  employed. 
The  name  euonymin  is  also  applied  to  dried 
extracts  of  varying  composition,  brown  euony- 
min being  from  the  root  bark,  and  green  (con- 
taining chlorophyll)  from  the  stem  bark. 

G.  B. 

EUPAD.  An  antiseptic  consisting  of  equal 
weights  of  chloride  of  lime  and  boric  acid. 

EUPHORBIC  ACID,  EUPHORBIUM, 
EUPHORBONE  v.  Gum  RESINS. 

EUPHORINE  V.  Synthetic  drugs. 
EUPHRASIA  TANNIN  v.  Tannins. 

EUPHYLLIN.  Trade  name  for  a compound 
of  theophylline  with  ethylene-diamine.  A 
white  crystalline  soluble  powder,  used  as  a 
diuretic  (v.  Synthetic  drugs). 

EUPITTONIC  ACID,  Eupittone,  Piitacal, 
Hexamethoxyaurin  C2  5H2g09 
OMe 

0 : : C[C,H.,(0M6),UH], 

OMo 

Pittacal  is  a blue  colouring  matter  obtained 
by  Reichenbach  in  1835  from  the  high- 
boiling  portions  of  beechwood  tar.  Gratzel 
also  from  the  same  products  obtained  a brown 
substance  which  gave  the  same  blue  colour  re- 
action with  baryta  as  the  pittacal  of  Reichen- 
bach. The  colouring  matter,  which  only  exists 
in  small  quantity  in  this  brown  substance,  was 
extracted  and  examined  by  Liebermann  (Ber. 
9,  334).  It  is  an  orange-red  crystalline  powder, 
soluble  in  alcohol  and  acetic  acid,  forming 
brown  solutions.  It  forms  with  alkalis  jiurple, 
and  with  ammonia  blue  solutions,  from  which 
carbon  dioxide  precipitates  blue  salts,  soluble 
in  pure  water.  Calcium,  magnesium,  barium, 
and  tin  salts  also  give  blue  precipitates  with 
the  alkaline  solutions.  The  calcium  and 
magnesium  salts  are  soluble  in  water. 
Hydrochloric  and  sulphuric  acids  form  red 
VoL.  II.— 7’. 


solutions,  and  the  latter  turns  pure  blue  on 
warming.  In  acid  solutions,  it  dyes  animal 
libres  orange,  in  amnioniacal  solution  especially 
with  tin  mordant,  blue-violet.  Liebermann 
called  this  colouring  matter  eupittone,  and  re- 
garded it  as  at  least  closely  allied  to  pittacal  (Ber. 
11,  1145).  Hofmann  (Ber.  12,  1371,  2216),  by 
the  action  of  hexachlorethane  C2Clg  on  dimethyl 
pyrogallate  mixed  with  alcoholic  potash  or  soda, 
obtained  a substance  identical  in  composition 
with  the  eupittone  of  Liebermann,  and  strongly 
resembling  it  in  properties.  It  is  an  orange- 
yellow  substance,  soluble  in  acetic  acid,  and 
precipitated  therefrom  by  alcohol.  It  melts  at 
200°  and  decomposes  partly  into  a blue  sub- 
limate. It  forms  the  same  alkali  salts  and  gives 
the  same  sulphuric  acid  reaction  as  eupittone. 
This  body  is  h e x a m e t h o x y-r osolic  acid 
Ci9H8(0CH3)g03.  Heated  with  alcohohe  am- 
monia, it  yields  hexamethoxy-rosaniline 

OH-C[CgH2(NH2)(OMe)2]3 
which  crystallises  m broad  colourless  needles, 
and  has  no  tinctorial  properties.  When  2 grams 
eupittone  are  heated  with  20  c.c.  alcoholic 
methylamine  (10  ]3.c.)  at  150°-160°  for  2^ 
hours,  it  yields  hexamethoxydimethylformyl- 
paraleucaniline 

CH[CgH2(OMe)2NHUH3]2CgH2(OMe)2NHCHO 

m.p.  187°  (Liebermann,  Ber.  34,  1034).  Pyro- 
gallol  is  jjroduced  in  attemjiting  to  replace  the 
methoxyl  groups  by  hydrogen.  Its  formation 
is  analogous  to  that  of  rosolic  acid 

3C8H,903+C02-C25H2g09+2H20 
Hofmann  terms  this  body  eupittonic  acid,  and 
uses  the  name  as  synonymous  with  pittacal  and 
eupittone.  Eupittonic  acid  cannot  be  obtained 
by  heating  the  sodium  derivative  of  dimethyl 
pyrogallate  or  of  dimethyl-methyi-pyrogallate 
separately,  in  air  ; a mixture  of  the  two,  how- 
ever, with  excess  of  soda  gives  sometimes  as 
much  as  10  p.c.  of  its  own  weight  of  the  acid. 
The  action  is  comparable  with  that  in  which 
rosaniline  is  produqed  from  aniline  and  toluidine. 

20.Hl,03-^C,Hl,0,=0^5H2.0,+3H, 

The  oxygen  necessary  to  remove  the  hydrogen 
is  obtained  from  the  atmosx)here,  as  in  a closed 
vessel  no  such  change  as  the  above  takes  place. 
Eupittonic  acid  appears  to  be  dibasic,  tluj 
sodium  and  barium  salts,  L2gH24-Na209  and 
C25H24Ba09,  have  been  prepared.  Paper  steeped 
in  a solution  of  the  acid,  and  dried,  is  a most 
sensitive  test  for  free  alkalis  on  account  of  tlie 
blue  colour  of  the  alkaline  salts  of  eupittonic 
acid.  Hydrochloric  acid,  however,  produces 
the  same  blue  colour.  With  acetic  anhydride, 
a diacetyl  derivative,  C25H2409(C2H30)2,  m.p. 
265°,  is  produced,  which,  curiously,  is  insoluble 
in  alkalis,  although  its  molecule  ought  to  contain 
four  hydroxyl  groups. 

The  dibonzoyl  derivative  025112409(071450)2 
forms  golden  needles,  m.p.  232°  ; the  dimethyl 
ether  025H24Me209  has  m.p.  242°  ; the  diethyl- 
ether  025H24Et209  has  m.p.  201°-202°  ; and  the 
iodo  compound  025H2g09l4  forms  brown  shining 
prisms. 

Eupittone  black,  noreupittone,  hexaoxyaurin 

O49H44O7  or  [0gH2(0H)3]20  : OgH2(OH)2 : 0 
is  formed  by  adding  eu^jittone  to  sulphuric  acid 

2 Y 
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at  140°  and  keeping  the  temperature  at  125° 
until  the  mass  is  pure  blue  ; it  is  a dark  shining 
black  powder,  and  dyes  mordanted  fibres 
through  a dirty  violet  to  a deep  black  ; the 
hydrochloride  Ci9Hi407,HCl,C2Hg0  is  deep 
blue  (Liebermann  and  Widermann,  Ber.  34, 
1033). 

EUPNINE.  Trade  name  for  a pre^jaration 
of  caffeine  and  iodine. 

EUPORPHINE.  Trade  name  for  apomor- 
phine  methyl  bromide. 

EUPYRIN  V.  Synthetic  drugs. 

EUQUININE.  Trade  name  for  quinine  ethyl 
carbonate. 

EUREKA  V.  Nickel. 

EURESOL.  Syn.  for  resorcinol  monoace- 
tate. 

EURHODINES,  EURHODOLS  y.  Azines. 

EUROBIN.  Trade  name  of  a pharma- 
ceutical preparation  consisting  mainly  of  the 
diacetate  of  chrysarobin  ((/.f.). 

EUROPHEN  V.  Synthetic  drugs. 

EUROPIUM.  Eu  = 152  (c/.  Urbain  and 
Lacombe,  Compt.  rend.  1904,  138,  637,  and 
Jantsch,  ihid.  1908,  146,  473). 

Source. — ^The  oxide  of  this  extremely  rare 
element  is  present  in  very  small  amounts 
in  monazite  sand,  and  is  extracted  from 
this  mineral  in  the  fraction  containing  the 
yttrium  earths. 

Extraction. — In  separating  europium  from 
its  associates,  advantage  has  been  taken  of  the 
isomorphism  existing  between  the  double 
nitrates  of  bismuth  and  those  of  the  metals  of 
the  rare  earths. 

Bismuth  nitrate  gives  rise  to  a series  of 
double  salts  having  the  general  formula 

3Mn(N03)2,2Bi(N03)3,24H20 
where  the  bivalent  metal  may  be  magnesium, 
zinc,  nickel,  cobalt,  or  manganese  (Urbain  and 
Lacombe,  Compt.  rend.  1903,  137,  568).  Mag- 
nesium bismuth  nitrate 

3Mg(N03)2,2Bi(N03)324H20 
is  isomorphous  with  the  corresponding  double 
magnesium  nitrates 

3Mg(N03)2,2Mni(N03)3,24H20 
where  Miii=Ce,  La,  Nd,  Pr,  Sm,  Eu,  Gd,  and  Tb. 

To  a mixture  of  these  metals  in  the  form  of 
their  double  magnesium  nitrates  is  added  a 
large  excess  of  magnesium  bismuth  nitrate. 
When  the  product  is  crystallised  methodically 
from  nitric  acid  solution,  the  double  magnesium 
nitrates  of  cerium,  lanthanum,  praseodymium, 
neodymium,  and  samarium  first  separate, 
followed  by  the  double  salt  of  bismuth,  leaving 
europium  and  gadolinium  in  the  mother  liquors. 
As  the  fractional  crystallisation  proceeds,  the 
rare  earths  yielding  double  nitrates  less  soluble 
than  the  bismuth  double  salt,  are  gradually 
eliminated  until  at  a certain  point  the  middle 
fractions  contain  no  other  tervalent  metal  than 
bismuth.  When  this  point  is  reached,  all  the 
samarium  has  been  crystallised  out,  and  thus 
separated  from  the  europium  and  gadolinium. 
The  bismuth  still  in  solution  is  removed  from 
the  mother  liquor  by  hydrogen  sulphide,  and  the 
europium  and  gadolinium  separated  by  further 
fractionation  of  the  filtratp,  the  europium  double 
nitrate  being  the  first  to  crystallise  from  this 
solution  (Demargay,  Compt.  rend.  1900,  130, 


1019,  1469  ; Urbain  and  Lacombe,  ibid.  1904, 
138,  627).  This  crystallisation  process  is  a 
satisfactory  method  for  obtaining  pure  euro- 
pium, samarium,  and  gadolinium,  and  affords  a 
means  of  separating  quantitatively  europium 
and  samarium  (c/.  Eberhard,  Zeitsch.  anorg. 
Chem.  1905,  45,  374 ; James  and  Robinson, 
J.  Amer.  Chem.  Soc.  1911,  33,  1363). 

Europia  {Europium  oxide)  EU2O3,  obtained 
from  the  purified  double  salt,  shows  no  samarium 
spectrum,  and  only  the  strongest  lines  of  gado- 
linium (Demargay,  Compt.  rend.  1901,  132, 
1482) ; it  has  a pale  pink  tint,  but  when  produced 
by  heating  the  sulphate  at  1600°,  the  colour  is 
somewhat  deeper. 

Europous  chloride  EuClg  is  a colourless 
amorphous  substance,  forming  a neutral  solution 
in  water,  which  oxidises  at  100°  : 

12EuCl2+302=8EuCl3-f2Eu203 

Europium  sulphate  Eu2(S04)3,8H20  forms 
pale -pink  crystals,  stable  in  air  and  dehydrated 
completely  at  375°  (Compt.  rend.  1904,  138,  627). 

The  europium  salts  yield  pale-pink  solutions 
and  in  strong  nitric  acid  they  exhibit  an  absorp- 
tion spectrum  consisting  of  eight  somewhat 
faint  bands. 

The  spark  spectrum  is  characteristic,  and  was 
first  observed  by  Lecoq  de  Boisbaudran  in  that 
given  by  crude  samaria,  three  very  intense  lines 
in  the  blue  being  ascribed  by  him  to  a new  earth 
Ze.  The  reversion  spectrum  shows  the  band 
a615  referred  by  de  Boisbaudran  to  the  earth 
Z^  (Compt.  rend.  1893,  116,  674  ; 117,  199). 

The  most  intense  lines  of  the  arc  spectrum 
are  very  characteristic,  and  constitute  a delicate 
test  for  europium,  which  can  be  thus  identified 
in  the  crude  oxides  from  monazite  after  re- 
moving the  cerium  (Eberhard,  Zeitsch.  anorg, 
Chem.  1905,  45,  374).  The  cathode  phos- 
phorescence spectrum  exhibits  the  anomalous 
ray  referred  by  Crookes  to  the  ‘ meta-element  ’ 
S5.  Pure  europia,  however,  give  no  phos- 
phorescence spectrum  unless  diluted  with  some 
other  earth.  With  lime  in  the  proportion 
EU2O3  : 99CaO,  a red  phosphorescence  is  ob- 
servecl,  and  similar  effects  are  obtained  on 
mixing  europia  with  alumina  or  gadolinia. 
Mixtures  with  excess  of  the  latter  give  a white, 
and  with  excess  of  europia  a red,  phosphorescence 
(Urbain,  Compt.  rend.  1906,  142,  205,  and 
Seventh  Congress  of  Applied  Chemistry,  1909, 
section  10,  94). 

(Ultra-violet  and  arc  spectra,  v.  Exner  and 
Haschek,  Sitzungsber.  Wien.  Akad.  1902,  Ila,  3, 
42,  and  Die  Wellenlangen  der  Bogenspektra, 
1904). 

Europium  has  been  detected  spectroscopi- 
cally in  the  sun’s  chromosphere,  in  a-Bootis  and 
in  j8-Geminorum  (Lunt,  Proc.  Roy.  Soc.  1907, 
A,  79,  118).  G.  T.  M. 

EUROSAMARIUM.  An  element  detected 
by  Eder,  and  occurring  associated  with  europium 
and  gadolinium  in  monazite  (Sitzungsber.  K.  K, 
Akad.  Wiss.  Wien.  1917,  Ila,  126,  473). 

EUSCOPOL.  Syn.  for  inactive  scopolamine 
hydrobromide. 

EUSOL.  An  antiseptic,  used  in  surgery, 
consisting  of  a solution  prepared  by  shaking  up 
in  1 litre  of  water  25  grams  of  a mixture  of 
equal  weights  of  chloride  of  lime  and  boric  acid, 
and  filtering  off  the  sediment ; the  solution 
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contains  about  0*64  p.c.  of  hypoehlorous  acid, 
and  1*28  p.c.  of  calcium  biborate. 

EUSTENIN,  Trade  name  for  an  addition 
product  of  theobromine-sodium  and  sodium 
iodide. 

EUSYNCHITE  t’.  Vanadium. 

EUXANTHIC  ACID,  EUXANTHONE,  and 
EUXANTHONIC  ACID  v.  Indian  YELLOW. 

EUXENITE.  A rare-earth  mineral  con- 
sisting essentially  of  columbate  and  titanate  of 
yttrium  and  erbium,  with  smaller  amounts  of 
uranium,  thorium,  cerium  earths,  iron,  &c. 
Crystals  are  orthorhombic,  but  are  very  rare 
and  indistinctly  developed  ; the  mineral  is  more 
often  massive,  with  a blackish- brown  colour  and 
a brilliant  pitchy  lustre  ; sp.gr.  4-6-5'l  ; H.  6^. 
In  appearance  and  character,  it  closely  resembles 
several  other  rare-earth  minerals,  particularly 
polycrase,  from  which  it  differs  in  containing  a 
lower  ratio  of  (Cb,Ta)205  : TiOg.  It  is  occasion- 
ally found  in  the  felspar  quarries  at  several 
places  in  the  neighbourhood  of  Arendal  in 
Norway  {v.  W.  C.  Brogger,  Die  Mineralien  der 
Siidnorwegischen  Granit-Pegmatitgange,  1906). 
Also  in  the  pegmatite  veins  of  Madagascar, 
Cooglegong  in  Western  Australia,  South  Sher- 
brooke in  Ontario,  &c.  Named  from  ev^evos, 
friendly  to  strangers,  in  allusion  to  the  several 
rare-earths  it  contains.  L.  J.  S. 

EVAPORATION.  The  term  ‘ evaporation  ’ is 
used  in  connection  with  technical  or  manufactur- 
ing operations  when  a liquid  is  converted  into 
vapour,  but  in  chemical  manufactures  it  is 
generally  limited  to  those  processes  where  the 
object  is  to  separate  a liquid  from  a solid  which 
is  dissolved  in  it,  or  to  separate  a more  volatile 
from  a less  volatile  liquid.  In  cases  where  the 
liquid  to  be  evaporated  is  one  of  the  products  of 
the  process,  and  is  collected  by  condensation,  the 
process  is  known  as  Distillation  (g.-y.).  Where 
a solid  substance  contains  water,  not  as  water  of 
crystallisation,  and  without  presenting  visible 
moisture  or  wetness,  the  process  of  removing  this 
moisture  under  suitable  circumstances  is  known 
as  Desiccation  or  Drying  (g.f.).  The  opera- 
tion of  evaporation,  however,  is  conducted  on  the 
greatest  scale  in  the  generation  of  steam  for 
steam  engines,  and  in  the  production  of  steam 
generally  for  manufacturing  purposes.  Although 
more  water  is  evaporated  in  connection  with 
the  steam  engine  than  for  any  manufacturing 
processes,  yet  great  quantities  of  steam  are 
used  as  a convenient  means  of  applying  and  dis- 
tributing heat,  especially  when  regulated  and 
moderate  temperatures  are  required.  In  such 
cases  the  heat  is  applied  to  the  vessel  to  be 
heated  by  jacket  spaces  or  through  coils  of  pipes 
immersed  in  the  liquid  to  be  raised  in  tempera- 
ture. Such  apphcations  are  made  in  sugar  and 
confectionery  manufacture,  and  in  distilleries, 
breweries,  and  dyeing,  &c. 

Water  and  many  other  liquids  evaporate 
without  the  application  of  heat.  A vessel  of 
water  freely  exposed  at  the  ordinary  temperature 
of  tlie  atmosphere  soon  evaporates  and  dis- 
appears. This  is  due  to  the  fact  that  water 
, vapour  has  a sensible  pressure  at  ordinary  tem- 
peratures, and  as  gases  and  vapours  freely  diffuse 
throughout  each  other,  any  water  placed  with 
a free  surface  in  a confined  space  continues 
to  evolve  and  diffuse  its  vapour  until  the 
water  vapour  jiresent  in  the  whole  space  is  at 
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the  maximum  pressure  which  corresponds  with 
the  temperature.  Although  evaporation  occurs 
in  this  way  without  any  application  of  increased 
temperature,  yet  heat  is  absorbed  by  the  vapour 
formed  from  the  liquid,  and  if  the  evaporation 
be  rapid  and  be  conducted  under  such  circum- 
stances that  heat  from  surrounding  objects  is 
prevented  from  reaching  the  liquid,  then  its 
temperature  will  be  greatly  reduced.  This  fact 
is  illustrated  by  the  well-known  lecture  ex- 
periment of  placing  a shallow  copper  cup  filled 
with  ether  upon  a block  of  wood,  and  under  it  a 
drop  of  water.  When  air  is  blown  upon  the  ether 
it  rapidly  evaporates  and  carries  off  so  much 
heat  from  the  copper  that  the  water  drop  under 
it  is  frozen  and  the  copper  adheres  to  the  wood. 
A liquid  is  said  to  be  volatile  when  its  vapour  has 
a considerable  pressure  at  ordinary  atmospheric 
temperatures.  At  20°,  for  example,  the  pressure 
of  water  vapour  (or  tension  as  it  is  somewhat 
inappropriately  called)  is  17 ‘39  mm.  mercury, 
whilst  the  pressure  of  ether  vapour  at  the  same 
temperature  is  433-3  mm.  and  that  of  alcohol 
44-5  mm.  If  the  liquids  be  placed  in  atmo- 
spheres whose  pressures  could  be  kept  at  these 
points  by  artificial  means,  then  these  liquids 
would  boil.  As  the  evaporation  under  these 
circumstances  is  very  rapid,  relatively  to  the 
flow  of  heat  to  the  liquid  from  surrounding 
bodies,  if  only  atmospheric  temperature  be 
available,  the  heat  is  abstracted  so  quickly  that 
many  liquids  freeze. 

Advantage  is  taken  of  these  properties  for 
many  purposes  in  the  use  of  air  currents  passed 
over  the  surfaces  of  liquids  to  evaporate  them 
without  the  application  of  other  than  natural 
heat.  Reduced  pressures  are  also  applied  to 
evaporate  without  heating  or  to  reduce  the  tem- 
perature necessary  in  order  to  avoid  chemical  de- 
composition and  also  to  produce  cold  mechanically. 

Evaporation  in  steam  boilers.  The  evapora- 
tive efficiency  of  the  steam  boiler  has  been  more 
closely  studied  than  that  of  any  other  type  of 
evaporating  apparatus,  and  the  principles  of 
the  economical  application  of  heat  for  evapora- 
ting are  more  completely  known  in  this  connec- 
tion than  in  any  other. 

The  leading  types  of  steam  boilers  now  in  use 
for  the  purposes  of  motive  power  are  as  follows  : 
Lancashire,  Cornish,  Locomotive  multitubular. 
Marine  multitubular,  and  Water-tube  or  tubu- 
lous  types. 

Obviously  in  an  article  of  this  character 
detailed  description  of  the  various  types  of 
boiler  is  uncalled  for ; the  reader  is  therefore 
referred  to  the  numerous  text-books  existing  on 
the  subject,  such,  for  example,  as  “Steam- 
Boiler  Construction,”  by  W.  S.  Hutton ; “ Steam- 
Boilers,  Their  History  and  Development,”  by 
H.  H.  P.  Powles  ; “ Steam-Boilers,”  by  C.  H. 
Peabody  and  E.  F.  Miller. 

Evaporation  in  open  vessels.  In  many 
chemical  manufactures  it  is  necessary  to  eva- 
porate off  water  in  which  the  substance,  the 
object  of  the  process,  is  dissolved,  and  in  such 
cases,  when  heat  is  to  be  applied,  it  is  desirable  to 
economise  fuel  to  the  greatest  possible  extent. 
The  heat  of  waste  gases  is  therefore  used  as  much 
as  possible.  The  method  of  applying  heat  varies 
considerably  with  the  chemical  nature  of  the 
substance  dealt  with,  and  choice  of  economical 
apparatus  is  often  limited  by  the  corrosive  nature 
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of  the  liquid  to  be  evaporated.  In  the  process 
of  concentrating  oil  of  vitriol  from  the  dilute 
acid,  a series  of  shallow  open  lead  pans  receives 
the  diluted  acid  and  heat  is  applied  below.  The 
hot  furnace  gases  are  allowed  to  impinge  upon 
the  bottom  of  the  vessel  containing  the  weakest 
acid,  and  therefore  requiring  the  greatest  quan- 
tity of  heat  for  evaporation,  and  as  the  gases 
cool  they  impinge  upon  the  succeeding  vessels 
of  stronger  and  stronger  acid,  requiring  less 
quantity  of  heat  until  the  acid  has  become  as 
concentrated  as  it  is  safe  to  trust  to  leaden 
vessels.  Instead  of  this  plan,  in  some  cases 
the  furnace  gases  are  passed  over  the  surface 
of  the  acid  in  order  to  heat  it  from  above, 
and  the  volume  of  gases  in  motion  removes 
the  vapour  as  fast  as  it  is  formed.  The  ad- 
vantage of  surface  evaporation  arises  not  from 
the  fact  of  its  being  economical,  because  liquids 
are  heated  with  difficulty  from  above.  The  hot 
liquid  in  contact  with  the  gases  expands  and  has 
no  tendency  to  cause  convection  currents,  but 
rather  remains  stationary  above  the  colder 
portions,  and  accordingly  it  is  always  advisable 
to  heat  from  below  when  possible.  In  many 
processes,  however,  during  evaporation,  a deposit 
comes  down  and  this,  coating  the  bottom  of  the 
vessel,  prevents  the  free  contact  of  the  metal 
with  the  liquid.  The  resistance  to  the  passage 
of  heat  from  the  metal  to  the  liquid  is  thereb^y 
much  increased,  and  the  bottom  suffers  rapid 
destruction  from  over-heating.  In  boilers  using 
very  hard  water  this  is  a fruitful  source  of 
trouble  and  danger. 

When  surface  evaporation  is  resorted  to, 
large  surfaces  are  exposed  in  shallow  tanks  over 
wliich  the  flame  and  hot  gases  from  a furnace  are 
allowed  to  pass.  The  pans  are  covered  in  so 
that  the  radiant  heat  from  the  brickwork  assists 
the  action  of  the  flame  and  hot  gases.  Arrange- 
ments of  this  kind  are  used  in  evaporating  weak 
alum  liquors,  and  the  tanks  are  built  up  of  bricks 
bound  together  with  a cement  composed  of  lime 
and  alum  shale.  Sometimes  an  open  pan  is 
placed  above  the  gases  to  contain  the  feed  liquid 
and  heat  it  in  its  progress  to  the  evaporating 
pans. 

Evaporation  of  brine.  Brine  is  sometimes 
evaporated  by  allowing  the  liquor  from  the 
springs  to  flow  over  masses  of  twigs  in  such  a 
manner  as  to  expose  very  extensive  surfaces  to 
the  action  of  air  currents  ; by  pumping  over  a 
succession  of  these  surfaces  it  is  gradually  con- 
centrated. When  artificial  heat  is  applied  to 
the  eva2)oration  of  brine,  large  shallow  salt  pans 
are  used.  They  consist  of  flat  quadrangular 
vessels  of  plate  iron  supported  upon  citable 
brick  walls,  forming  flues  which  distribute  the 
heat  from  furnaces  placed  in  the  centre  part 
under  the  vessel.  The  flames  strike  directly  upon 
the  bottom  of  the  vessel,  and  the  hot  products  of 
combustion  are  conducted  outwards  by  flues 
leading  to  the  stack  or  chimney.  In  this  way 
they  traverse  the  whole  bottom  surface  of  the 
cva[)orating  pans.  The  pans  are  of  groat  area, 
often  60  feet  long  by  30  feet  wide.  The  water 
vaj^our  is  collected  by  a large  conical  hood  and 
carried  off  by  a separate  chimney.  The  sides  of 
the  lower  part  of  the  cone  are  so  constructed 
tliat  they  can  be  opened  to  admit  air  from  the 
direction  in  which  the  wind  is  blowing.  This 
assists  the  evaporation  by  carrying  off  the  water 


vapour  generated  and  exposing  the  surface  to  a 
continual  air  current. 

If  heat  enough  to  cause  a liquid  to  boil  be 
applied,  an  air  current  will  not  increase  the 
evaporation,  but  will  tend  to  diminish  it  b\ 
cooling  the  vessel  containing  the  liquid ; but 
when  the  liquid  does  not  reach  the  boiling-point, 
the  continuous  removal  of  the  atmosphere  in 
contact  with  the  liquid  is  necessary.  If  this  be 
not  done,  then,  so  soon  as  the  atmosphere  has 
become  saturated  with  the  vapour,  that  is,  so 
soon  as  the  water  vapour  is  present  in  quantity 
sufficient  to  produce  the  pressure  which  corre- 
sponds with  the  temperature  of  the  hquid,  the 
evaporation  ceases. 

It  is  a necessary  condition  of  evaporation  at 
temperatures  less  than  the  boiling-point,  that  the 
atmosphere  into  which  the  evaporation  takes 
place  should  be  continuously  renewed,  and  it  is 
advisable  that  the  air  into  which  the  water  eva- 
porates should  not  be  of  lower  temperature  than 
the  liquid.  When  the  temperature  of  the  air  is 
lower  than  that  of  the  liquid,  the  volume  of 
vapour  carried  off  is  much  reduced,  as  the  air 
must  be  heated  by  the  vapour  before  it  is 
capable  of  carrying  off  the  volume  equivalent  to 
the  vapour  pressure.  Producer  gas  is  used  for 
evaporating  the  brine  at  Tschl  salt  works,  and 
the  operation  is  conducted  in  deep  rectangu- 
lar plate-iron  vessels  grouped  together,  and 
fed  continuously  by  a system  of  distributing 
pipes. 

Steam  is  much  used  to  supply  the  heat  re- 
quired for  evaporation,  especially  when  the  sub- 
stances to  be  dealt  with  are  of  an  easily  decom- 
posable nature  if  overheated.  The  heat  is  often 
applied  to  the  vessel  by  means  of  a steam  jacket, 
that  is,  the  vessel  is  made  double  walled,  and  the 
interspace  is  utilised  to  receive  the  hot  steam. 
When  the  temperature  requires  to  be  higher 
than  100°0.,  the  jacket  space  is  constructed  to 
withstand  pressure,  and  steam  under  boiler  pres- 
sure is  supplied,  but  steam  is  most  commonly 
used  at  atmospheric  pressure  and  applied  to  the 
liquid  by  passing  through  rows  or  coils  of  pipes 
immersed  in  it.  The  arrangement  of  these 
pipes  varies,  and  in  some  cases  they  are  so 
connected  as  to  be  capable  of  hingeing  out 
of  the  vessels  for  ready  access  and  cleaning 
purposes. 

Milk  is  now  rapidly  evaporated  by  spray- 
ing into  heated  air  without  raising  the  milk 
temperature  to  such  a point  as  would  cause 
chemical  change. 

Evaporation  under  reduced  pressures*  In 

the  older  processes  of  sugar  manufacture,  the 
sugar  liquors  were  concentrated  by  the  direct 
application  of  heat  from  a fire  u2)on  the  vessels 
containing  them,  but  the  greatest  difficulty  was 
experienced  in  preventing  decomposition  when 
the  solution  became  concentrated.  To  avoid 
this  difficulty,  the  vacuum  pan  was  introduced 
by  Howard,  and  in  various  modified  forms  it  is 
still  used.  The  boiling-point  of  a liquid  dejjends 
upon  the  pressure  to  which  it  is  subjected,  and 
by  reducing  the  j^ressure  the  boiling-point  is 
greatly  reduced.  The  vacuum  pan  consists 
essentially  of  a globular  copper  vessel  containing 
the  sugar  liquor,  and  having  the  lower  portion 
steam  jacketed,  while  steam  also  passes  through 
a coil  of  pi])e  immersed  in  the  liquid.  The 
upper  j)art  of  the  vacuum  j^an  carries  a circular 
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steam  dome  or  cylinder  from  which  a pipe 
passes  to  a vessel  intended  to  collect  any  liquor 
which  may  have  primed  over.  From  this  vessel 
it  is  run  back  into  the  pan  again.  An  air  pump 
exhausts  the  apparatus  and  passes  the  steam  to 
a condenser  of  usual  construction.  Fig.  1 shows 
a vacuum  pan  made  by  Messrs.  Manlove,  Alliot, 
& Co.  The  vacuum  pan  a is  formed  in  two  por- 
tions bolted  together.  It  is  fed  with  liquor  from 
the  vessel  b by  suitable  cocks,  the  pipe  connec- 
tions a,  h being  arranged  to  equalise  the  pressure 
within  the  vessel,  so  that  the  flow  may  be 
towards  A.  The  live  steam  is  admitted  at  the 
valve  c,  and  passes  through  coil  d into  the  jacket 
E,  from  whence  it  discharges  and  drains  by  the 
pipe  F.  The  cylindrical  dome  or  cylincler  g 
prevents  any  great  priming,  but  any  liquid 
which  may  find  its  way  by  the  pipe  h is  caught 
in  the  cylinder  i and  returned  to  a by  the  pipe  K. 
The  pipe  l leads  to  the  air  pump  and  condenser. 


A thermometer  placed  in  the  upper  part  of  the 
pan  indicates  the  temperature  of  the  operation, 
whilst  a vacuum  gauge  or  barometer  column  is 
used  to  show  the  pressure  within.  The  boiling- 
point  of  the  liquid  at  atmospheric  pressure  is 
about  250°F.,  and  this  is  reduced  to  150°F.  by 
using  the  vacuum  pan. 

Fig.  2 shows  a vacuum  pan  of  modern  con- 
struction, made  by  the  Mirrlees  Watson  Co.,  Ltd., 
of  Glasgow.  In  this  vacuum  pan,  the  liquor  is 
heated  in  the  vessel  a by  coiled  steam  pipes  h, 
and  also  by  reason  of  its  passing  upwards  through 
small  tubes  c,  through  a steam  chamber,  d,  the 
down  flow  of  the  liquor  taking  place  through 
the  central  large  tube  e.  In  other  respects, 
the  operation  of  this  vacuum  pan  is  similar  to 
that  shown  in  Fig.  1. 

Evaporation  under  reduced  pressure  by 
triple  and  multiple  effect.  It  is  evident  that  as 
a liquor  becomes  more  concentrated  the  boiling- 
point  rises,  and  in  evaporating  liquids  liable  to 
chemical  change  by  overheating,  the  pressures 
under  which  boiling  is  effected  must  be  arranged 
to  keep  the  temperature  within  safe  limits.  In 
the  case  of  sugar  liquor  this  safe  limit  is  227°F. 
Steam  at  5 lbs.  per  square  inch  above  atmo- 
sphere has  this  temperature,  and  if  it  be  applied 
to  a pan  containing  a weak  sugar  liquor  at 
atmospheric  pressure,  the  liquor  will  boil. 

Neglecting  losses  by  radiation  and  like 
causes,  the  steam  coming  from  it  has  the  same 
amount  of  heat  as  was  imparted  to  the  liquor 
by  the  steam  under  slight  pressure,  and  if  it  be 


conducted  to  the  coil  and  jacket  of  a second  pan 
in  which  a slight  vacuum  is  maintained,  it  will 
generate  almost  its  own  weight  of  steam  at  lower 
pressure  and  temperature,  and  so  evaporate  the 
water  from  the  second  pan.  If  the  steam  so 
generated  be  taken  to  the  coil  and  jacket  of  a 
third  pan,  its  heat  can  again  be  utilised  to 
evaporate  the  liquor  there,  provided  the  vacuum 
is  sufficient  to  allow  it  to  boil.  This  process 
may  be  continued  until  the  original  heat  of  the 
steam  supplied  to  the  first  pan  is  dissipated  by 
conduction  and  radiation.  This  is  the  principle 
of  the  ‘ triple-effect  ’ apparatus,  by  which  a greab 
economy  is  effected  in  the  amount  of  fuel  needed 
to  evaporate  a given  weight  of  liquor.  The 
steam  from  one  pan  at  higher  pressure  proceeds 
to  the  coil  and  jacket  of  the  next,  and  the  steam 
from  the  second  proceeds  to  the  coil  and  jacket 
of  the  third,  the  pressures  within  the  pans 
proceeding  in  descending  order  as  well  as  the 
temperatures. 

Fig.  3 is  an  illustration  of  a triple-effect 
evaporator  of  the  ‘ Hagemann  ’ type,  con- 
structed by  the  Mirrlees  Watson  Co.,  Ltd.,  for 
concentrating  sugar.  In  this  evaporator,  the 
liquor  is  fed  through  an  internal  perforated 
pipe  D at  the  bottom  of  the  vessel  a,  and  the  flow 
of  liquid  from  vessel  to  vessel  is  automatically 
regulated  by  traps  e,  the  liquor  passing  through 
the  vessels  a,  b,  and  c in  turn,  the  reduction  in 
pressure  being  so  arranged  that  it  is  least  in  a, 
more  considerable  in  b,  and  greatest  of  all  in  c, 
so  that  the  boiling-points  are  lower  in  each 
succeeding  vessel.  The  heating  surface  is  ob- 
tained by  means  of  a number  of  vertical  tubes  f, 
through  which  the  liquor  passes,  these  tubes 
being  arranged  in  a steam  or  vapour  space,  g, 
divided  by  horizontal  baffle  plates  h.  The 
steam  enters  the  steam  space  at  the  top  above 
the  upper  baffle  plate,  and  passes  to  the  inter- 
mediate and  lower  spaces  through  apertures  in 
the  baffle  plates  slightly  larger  than  the  tubes 
which  pass  through  them,  the  rush  of  steam 
through  the  openings  removing  the  water  of 
condensation  from  the  surface  of  the  tubes, 
and  improving  their  efficiency.  The  upper 
part  of  each  vessel  acts  as  a separator,  the 
vapour  escaping,  past  a baffle  j to  prevent 
priming,  through  an  outlet  K either  to  the 
next  effect  or  to  the  condenser. 

In  the  Kestner  ‘ climbing  film  ’ evaporator, 
one  complete  section  of  which  is  illustrated  in 
Fig.  i,  vertical  tubes  are  also  used  for  the 
passage  of  the  liquor,  but  they  are  fewer  and  of 
greater  length  than  in  the  apparatus  last  de- 
scribed. Steam  supplied  through  an  inlet  a to 
a jacket  b causes  ebullition  of  the  liquor,  sup- 
plied to  a tank  c,  releasing  a volume  of  vapour 
in  the  tubes  d which  occupies  the  central  portion 
of  each  tube  and  carries  up  a film  of  the  liquor 
on  the  internal  surface.  A fixed  baffle  E,  by 
means  of  suitably  shaped  vanes,  produces  a 
whirling  motion  of  the  liquor  and  vapour 
mixture  as  it  emerges  into  the  separator  f, 
whereby  the  liquor  is  thrown  outwards  and 
drawn  off  through  an  outlet  g,  and  the  vapour 
escapes,  through  a ‘ save-all  ’ h,  by  an  outlet  j. 
In  another  form  the  separator  is  placed  at  the 
bottom  of  the  apparatus,  the  liquor,  after 
passing  through  the  ‘ climbing  film  ’ tubes, 
being  conducted  thereto  by  a set  of  ‘ falling 
film  ’ tubes  also  within  the  steam  jacket  b. 
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Any  number  of  sections  as  described  may  be 
connected  to  form  a multiple  effect  apparatus, 
the  liquor  and  vapour  from  the  outlets  g and  j 
of  one  section  being  respectively  led  to  the 
tank  0 and  inlet  a of  the  next. 


The  Yaryan  evaporator.  This  ingenious 
evaj)orator  is  the  invention  of  H.  T.  Yaryan, 
of  Ohio,  U.S.A.,  and  it  is  now  largely  used  in 
this  country,  the  Continent,  and  America.  It 
utilises  evaporation  under  reduced  pressures  as 
with  the  triple  effect  and  also  multiple  effect.  It 
differs  from  other  inventions  of  the  same  class 
in  the  method  of  applying  heat  to  the  liquid  to 
be  evaporated,  whereby  the  liquid  is  heated  in 
small  quantities  at  a time,  and  is  brought  into 
very  effective  contact  with  the  heating  surfaces. 
Instead  of  using  coils  immersed  in  a liquid 
which  is  also  heated  by  jacketed  surfaces,  the 
heat  is  applied  by  steam  to  the  exterior  surfaces 
of  tubes,  and  the  liquid  to  be  evaporated  is 
pumped  within  these  tubes.  The  tubes  are 
arranged  in  straight  cylindrical  drums,  and  pass 
from  end  to  end,  terminating  in  chambers  with 
partitions  so  placed  that  when  the  liquid  is 
pumped  in  at  one  end  of  a series  it  must  pass 
through  the  whole  series  before  escaping  into 
the  separating  chamber.  Eig.  5 is  a section  of 


one  drum  of  the  evaporator,  showing  that  the 
liquid  is  pumped  in  at  one  end,  travels  along  in 
the  direction  of  the  arrows,  and  finally  escapes 
with  the  steam  which  is  generated  into  the 
separator.  The  tubes  are  divided  into  sections 
termed  ‘ coils,’  and  each  section  consists  of  fine 
I tubes  coupled  at  the  ends  so  as  to  form  a con- 
tinuous passage.  The  liquid  and  vapour  pass 
■ from  section  to  section  in  series,  and  so  come 
I into  effective  contact  with  the  whole  surface. 

; As  the  liquid  is  pumped  in  it  evaporates,  and 
I the  steam  produced  carries  it  forward  through 
the  tubes,  so  that  a mass  of  liquid  and  steam  is 
j brought  in  contact  with  every  part  of  the  whole 
heating  surface,  moving  at  a high  velocity  be- 
! cause  of  the  steam  generated,  which  has  only 
the  one  direction  of  escape,  that  is,  through 
the  whole  system  of  tubes  in  each  towards  the 
, separator.  The  liquor  under  treatment  issuing 
I from  the  last  set  of  tubes  into  the  separator 
falls  to  the  bottom,  as  shown  in  Fig.  5,  and  the 
* vapour  rising  up  flows  in  the  direction  of  the 
! arrow  to  the  catch  all,  where  any  liquor  entrained 
is  caught  during  its  passage  through  the  number 
of  small  tubes  with  which  this  vesseFis  fitted. 


Catch  all 


Fig.  6. 

and,  striking  against  the  end  cover,  falls  to 
the  bottom  and  is  drained  off  into  a receiver. 
This  ensures  dry  vapour  being  passed  on  to  the 
evaporating  shell  of  the  next  vessel,  where  it 
in  turn  boils  the  liquor  which  is  inside  the 
tubes,  and  so  on  through  the  various  effects 
until  the  vapour  from  the  last  vessel  reaches 
the  condenser.  The  advantages  of  this  appa- 
ratus are  its  economical  working  and  rapid  flow 
of  the  liquor  under  treatment.  Only  a small 
quantity  of  liquid  is  in  the  apparatus  at  one 
time,  and  so  it  is  exposed  to  heat  for  a much 
shorter  period  than  in  the  ordinary  vacuum 
pan,  which  is  an  important  point.  The  appa- 
ratus avoids  entirely  the  loss  of  colour  which 
always  occurs  to  some  extent  in  the  older 
vacuum  pans  because  of  the  long  period  of  time 
taken  to  evaporate  the  large  quantity  of  liquid 
they  contain,  amounting  in  some  cases  to 
thousands  of  gallons.  The  Yaryan  evaporator 
can  be  started  very  rapidly,  as  it  contains  but  a 
small  mass  to  bo  heated.  At  the  same  time, 
the  details  are  arranged  to  permit  of  ready 
access  to  the  tubes  and  ready  cleaning.  This  is 
greatly  assisted  by  the  fact  that  the  tubes  are 
straight.  Fig.  6 shows  a quintuple-effect 
evaporator  with  its  vacuum  and  auxiliary  pumps 
in  general  use  for  soda  ash  recovery  in  paper 
mills,  caustic  soda,  caustic  potash,  meat  extract, 
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distillery  refuse,  and  other  liquids  readily 
amenable  to  concentration. 


According  to  the  patentees  of  the  Yaryan 
apparatus,  their  double  effect  will  evaporate 


Fig  6. 


16  lbs,  of  water  for  every  pound  of  coal  con- 
sumed under  the  boiler,  23^  lbs.  in  a triple  effect, 
30|  lbs.  in  a quadruple  effect,  assuming  that  the 
boiler  is  so  constructed  as  to  evaporate  8|  lbs. 
of  water  per  pound  of  coal. 


The  Yaryan  apparatus  has,  since  its  first 
introduction  in  1888,  been  greatly  improved  in  |j 
design  and  efficiency,  and  large  sextuple-effect  || 
apparatus  working  on  the  Yaryan  principle  have  ' 
been  constructed  by  the  Mirrlees  Watson  Co.,  j 
Ltd.,  for  the  distillation  of  fresh  water  from  j 
salt  water,  producing  from  25  to  350  tons  per  i 
day  of  24  hours,  and  also  for  use  in  the  Solvay 
process  of  soda  manufacture  in  Europe  and 
America.  Fig.  7 indicates  the  essential  features  | 
of  such  an  apparatus  for  the  distillation  of  salt 
water.  Salt  water,  previously  warmed  by  , 
being  passed  through  heaters,  is  supplied  by  a : 
pipe^A  to  heating  tubes  in  the  lowest  evaporator  ' 
B(,,  and  thence  is  passed  in  succession  by  means 
of  pipes  c through  heating  tubes  in  the  remaining  1 
evaporators.  It  has  then  reached  boiling-point,  | 
and  is  circulated  through  the  evaporating  tubes 
of  the  first  evaporator  b^,  to  which  boiler  steam 
is  supplied  by  a pipe  d.  I’he  mixture  of  liquor 
! and  vapour  is  conducted  from  the  evaporators 
i to  the  respective  separators  E^^-Eg,  by 

pipes  E,  the  outlets  for  the  liquor  and  vapour 
from  each  separator  to  the  next  evaporator 
stage  being  by  pipes  g and  h respectively.  Con- 
centrated brine  is  drawn  off  from  the  last 
separator  Eg  by  a pipe  j,  and  the  condensed 
fresh  water  passes  from  stage  to  stage  by  pipes 
K,  and  is  finally  drawn  off  through  an  outlet  l. 

In  the  Lillie  type  of  evaporator  the  tubes  are 
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Fig.  7. 


also  arranged  horizontally,  but  the  steam  is 
passed  through  them  and  the  liquor  is  alloAved 
to  fall  over  their  external  surfaces. 

Evaporation  in  mechanical  refriprators. 
A separate  class  of  mechanical  refrigerators 
exists  in  which  the  cooling  or  refrigerating  effect 
is  produced  by  evaporation.  Liquids  used  are 
ether,  anhydrous  ammonia,  and  anhydrous 
sulphur  dioxide.  In  all  of  these  the  process  of 
the  machine  is  identical.  The  volatile  liquid  is 


introduced  into  a chamber  at  a j^ressure  at 
which  it  is  liquid,  and  the  vapour  is  rapidly 
withdrawn  from  the  vessel  by  a pump.  The 
rapid  evaporation  absorbs  heat  so  quickly  that 
the  temperature  falls  and  a brine  or  other  liquid 
is  cooled  within  a coil  of  pipes  immersed  in  the 
liquid.  By  circulating  this  brine,  the  low  tem- 
perature may  be  utilised  for  reducing  the 
temperature  of  a cold  store  room  or  for  pro- 
ducing ice. 
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The  vapour  drawn  off  by  the  pump  is  com- 
pressed and  cooled  by  passing  through  tubes 
surrounded  by  water,  and  so  becomes  liquid 
again.  It  is  then  injected  into  the  evaporating 
chamber  again,  so  that  the  process  is  practically 
continuous,  and  but  slight  renewal  of  the  vola- 
tile liquid  is  necessary  to  make  up  for  small 
leakages. 

The  same  principle  is  applied  in  Carre’s 
freezing  machine  for  freezing  water.  In  this 
case  the  vapour  is  removed  from  the  surface  of 
the  water  by  a pump  and  condensed  by  strong- 
sulphuric  acid.  Ammonia  is  also  utilised  in 
another  apparatus  in  solution  in  water  for  tlie 
same  purpose.  By  alternate  expulsion  from  the 
water  and  absorption,  cold  is  obtained. 

The  rapid  evaporation  of  liquid  carbonic 
acid,  air,  and  other  bodies  which  are  gaseous  at 
normal  temperatures  and  pressures,  has  also 
been  used  to  produce  low  temperatures  for 
liquefying  the  more  permanent  gases.  D.  C. 

EVERNIC  ACID  and  EVERNINIC  ACID. 
Evernic  acid,  or  lecanoric  acid  mo7iomethyl  ether, 
was  first  isolated  by  Stenhouse  from  the  Evernia 
prunasti  (Annalen,  68,  83),  and  has  been  found 
also  by  Hesse  (Ber.  1897,  30,  366)  to  exist  in 
the  Bamalina  poUinaria  (c/.  also  Zopf,  Annalen, 
1897,  297,  271). 

The  lichen  is  extracted  with  diluted  milk  of 
lime,  the  extract  neutralised  with  acid,  the 
precipitate  collected,  dried,  and  digested  with  a 
little  boiling  alcohol.  The  hot  alcoholic  liquid, 
treated  with  its  own  volume  of  water,  deposits 
crystals  of  evernic  acid  (Stenhouse). 

Evernic  acid  crystallises  in  small  colourless 
needles,  m.p.  168°- 169°,  readily  soluble  in  hot 
alcohol,  and  when  boiled  with  solutions  of  the 
alkali  hydroxides  or  baryta  water,  gives  CO 2, 
orcinol,  and  everninic  acid 

C„H„0,+H,0=C,Hi„04+C,H,02+CO, 
Ramalic  acid  suffers  a similar  decomposition. 

Fischer  fBer.  1913,  46,  3253  ; and  1914,  47, 
505)  showed  that  when  evernic  acid  was  methy- 
lated by  means  of  diazomethane,  in  ethereal 
solution,  a neutral  crystalline  ester  identical 
with  trimethyl-lecanoric  acid  methyl  ester  was 
obtained,  and  he  pointed  out  that,  as  the 
methoxy  group  in  everninic  acid  is  in  the  para- 
position  to  the  carboxyl  group,  the  structure  of 
evernic  acid  must  be  : 
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From  this  it  follows  that  the  isomeric  ramalic 
acid  {v.  Ramalic  acid)  may  be  expressed  as  : 
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For  descriptions  of  the  Na,  Ba,  Ca,  Cu,  Pb, 
and  Ag.  salts  of  evernic  acid,  c/.  Hesse  (J.  pr. 
Chem.  1915,  [ii.j  92,  425). 

Diacetyl- evernic  acid  Ci7H,607Ac2  is  a 
crystalline  powder,  m.p.  144°. 

Everninic  acid,  (orsellinic  acid  monomethyl 
ether)  resembles  benzoic  acid  in  appearance, 
melts  at  157°,  and  yields  the  ethyl  ester 

C,H,0,(C2H,) 

m.p*.  72°.  By  digestion  with  hydriodic  acid, 
everninic  acid  gives  orcinol,  CO.;,  and  1 molecule 
of  methyl  iodide.  According  to  Heinrich  (Ber. 
1904,  37,  1406),  two  formulae  are  possible  for 
everninic  acid  : 

CH3  CH3 

(1)  COOH^  ^2)  COOH./\ 

OCHak^OH  OH'xy'OCHa 

Fischer  and  Hoesch  (Annalen,  1912,  391,  347) 
have,  however,  shown  tliat  orsellinic  acid  a- 
metliyl  ether,  prepared  by  them,  and  which  has 
the  structure  (2),  is  identical  with  everninic  acid. 

This  conclusion  has  been  further  substanti- 
ated by  the  synthesis  of  everninic  aldehyde, 
m.p.  6o°C.  (and  from  it  of  everninic  acid) 
(Hoesch,  Ber.  1913,  46,  886),  by  the  careful 
methylation  of  orcyl  aldehyde  with  methyl 
sulphate,  and  2N  caustic  soda  in  the  presence 
of  acetone.  This  when  treated  with  an  acetone 
solution  of  methylchlorocarbonate,  yielded 
meihylcarhonato-everninic  aldehyde,  needles,  m.p. 
77°C.,  and  the  latter,  when  oxidised  with  potas- 
sium permanganate,  was  converted  into  metliyl- 
carhonato- everninic  acid,  needles,  decomposing 
at  about  100°C.,  which  on  hydrolysis  with  N 
caustic  soda  solution  yielded  everninic  acid. 

These  changes  may  be  represented  thus  : 


CH2 

CH3 

1 

1 

d"  CHO 

1 

/\_CHO 

HO— OH 

CH3O— 

J-OH 

CH3 

1 

1 

1 1 

CHO 

CH30-k^- 

0C02-CH3 

CH3 

1 

r 

CH3O— 

— COOH 

— O-COo-CH 

CH3 

1 

COOH 

CH3O— l^_OH 


Hesse  (J.  pr.  Chem.  1915,  [ii.]  92,  425)  has 
described  the  following  derivatives  of  everninic 
acid  : — 

Acetyl  everninic  acid  C9H9O4AC,  colourless 
prisms,  m.p.  111°C. 

Nitro-everninic  acid,  orange-red  needles, 
m.p.  ]95°C. 

Dinitro-evermnic  acid,  C9H804(N02)2HoO 
golden-yellow  needles,  m.p.  87°C. — the  potas- 
sium salt  is  very  explosive. 
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Hesse’s  expression  (J.  pr.  Chem.  [ii.]  57, 
253)  of  the  isomerism  of  evernic  acid  and  ramalic 
acid,  and  which  was  based  upon  the  older  formula 
of  orsellinic  acid,  is  as  follows  : 


C0\  COOH 

OH/^Ocli:  0,'^OH 


CH3  CH3 

no  noon 


A.  G.  P.  and  A.  E.  E. 

EVERNIIN  V.  Gums. 

EVODIA  MELIiEFOLIA.  This  tree,  belong- 
ing to  the  Rutacem,  is  found  in  China  and  J apan, 
where  its  bark  is  largely  employed  in  dyeing  and 
in  medicine.  It  was  formerly  described  by 
Loureiro  as  Pterocarpm  flavus,  but  this  error 
was  eventually  corrected  by  P,  W.  Squire 
(Pharm.  J.  1888,  [3]  18,  785).  who  showed  it  to 
be  really  Evodia  glauca,  which  is  synonymous 
with  E.  melimfolia.  By  qualitative  tests,  Martin, 
Tokio  (Arch.  Pharm.  1898,  13,  337)  and  Squire 
(l.c.)  suspected  the  presence  of  berherine,  and 
this  colouring  matter  was  subsequently  isolated 
by  Perkin  and  Hummel  (Chem.  Soc.  Trans.  67, 
415).  A.  G.  P. 

EV9DIN  Ci^H.oOg.  A crystaJline  substance 
found  in  the  fruit  of  Evodia  rutcecarpa,  used  in 
China  and  Japan  in  medicine  and  perfumery. 
First  isolated  by  Keimatzu  by  treatment  of  the 
dried  fruits  with  benzene  ; m.p.  285°.  Insoluble 
in  water,  alcohol,  ether,  and  light  petroleum, 
slightly  soluble  in  hot  benzene,  ethyl  acetate, 
and  chloroform,  soluble  in  acetic  acid  and 
alkali  solutions  (c/.  Asahina  and  Ishio,  J.  Pharm. 
Ghim.  1916,  [ viii.]  13,  53). 

EXALGIN.  Trade  name  for  methyl  acet- 
anilide {v.  Synthetic  drugs;. 

EXODIN  V.  Synthetic  drugs. 

EXPLOSION,  GASEOUS.  Within  recent 
years  there  has  been  an  enormous  increase  in  the 
extent  to  which  the  internal  combustion  engine 
has  been  utilised,  and  there  are  now  many  millions 
of  h.p.  at  work  on  this  principle.  Gas  engines 
using  coal  gas,  producer  gas,  or  blast-furnace 
gas,  are  now  working  for  all  powers  up  to  2000 
h.p.  per  cylinder,  and  a large  number  of  heavy 
oil  engines  are  also  in  use.  In  addition,  there 
are  many  thousands  of  petrol  motors  at  work. 

In  internal  combustion  engines  working  on 
the  constant  volume  cycle,  the  motive  power  is 
produced  by  the  explosion  of  mixtures  of  inflam- 
mable gas  or  vapour  and  air  in  certain  propor- 
tions, and  the  pressure  produced  by  the  explosion 
is  utilised  to  propel  the  piston  of  an  engine,  as 
is  done  by  the  steam  pressure  in  a steam  engine. 

Seeing  that  a proper  understanding  of  the 
phenomena  associated  with  gaseous  explosions 
is  necessary,  not  only  for  persons  in  charge  of 
internal  combustion  engines,  but  also  for  those 
responsible  for  the  safety  of  workers  both  in 
coal  mines  and  in  factories  where  explosive 
mixtures  may  be  encountered  or  used,  it  is 
desirable  first  to  consider  generally  the  pro- 
perties of  such  mixtures  and  the  mode  in  which 
flame  is  j)ropagated  through  them.  At  the 


outset,  it  should  be  recognised  (1)  that,  under 
given  conditions  of  temperature  and  pressure, 
the  “ range  of  inflammability  ” of  mixtures  of 
any  particular  combustible  gas  and  air  (or 
oxygen)  may  be  strictly  defined,  so  that  all 
mixtures  outside  of  certain  ‘ lower  ’ and  ‘ upper  ' 
limits  are  non-inflammable ; (2)  that  the 

ignition  of  any  given  inflammable  mixture  at 
a particular  pressure  is  determined  by  the 
attainment  of  a certain  definable  thermal  (or 
electrical)  condition  at  some  point  or  region 
in  it ; (3)  that  after  ignition  the  speed  and  mode 
of  propagation  of  flamo  through  the  mixture 
are  usually  capable  of  measurement  or  analysis 
by  well-established  experimental  methods  ; and 
(4)  that  when  such  a mixture  is  inflamed  in  a 
closed  vessel,  the  maximum  pressure  attained 
on  explosion  may  be  accurately  determined. 
But  notwithstanding  the  truth  of  this  state- 
ment, it  is  needful  to  warn  the  reader  against 
errors  involved  in  the  loose  employment  of  such 
terms  as  ‘ ignition  temperature^  ‘ speed  of  w- 
flammation  or  flame  propagation,'  ‘ pressure  of 
explosion,'  etc.,  unless  the  concomitant  physical 
circumstances  are  simultaneously  defined. 

A. — Ignition  Phenomena. 

Chemical  change  may  be  determined  in  a 
gaseous  explosive  mixture  at  a much  lower 
temperature  than  is  required  to  develop  flame 
in  it.  Thus,  for  example,  if  electrolytic  gas  be 
heated  in  an  enclosure  to  a temperature  some- 
what higher  than  400°,  the  formation  of  steam 
can  usually  be  detected  after  a lapse  of  a few 
days.  On  gradually  raising  the  temperature 
the  rate  of  interaction  between  the  hydrogen 
and  oxygen  rapidly  increases  until  at  length  a 
point  would  be  reached  when  the  rate  at  which 
heat  is  lost  from  the  system  {e.g.  by  conduction 
through  the  walls  of  the  enclosure)  is  more  than 
counterbalanced  by  the  rate  at  which  it  is 
developed  by  the  interaction.  The  reaction 
would  then  become  self-propellant. 

The  temperature  at  which  such  autogenous 
(or  self -propellant)  reaction  begins  in  a given 
gaseous  mixture  is  usually  termed  its  ‘ ignition 
temperature ' or  ‘ ignition  point,'  although  it  is 
not  ordinarily  a well  defined  physical  constant, 
being  dependent,  for  example,  upon  the  manner 
in  which  heat  is  conveyed  to  the  mixture.  It 
is  clear  also  that  the  ignition  temperature,  as 
thus  defined,  does  not  necessarily  correspond 
with  the  appearance  of  flame  in  the  mixture. 
There  is,  indeed,  usually  a definite  ‘ pre-flame  ' 
period,  the  duration  of  which  can  be  controlled, 
and  which  varies  considerably  with  the  different 
gas  mixtures.  Only  when  a mixture  is  fired  by 
adiabatic  compression,  and  the  pre-flame  period 
is.  negligibly  short,  can  its  ‘ ignition  temperature  ' 
be  regarded  as  a physical  constant  and  deter- 
mined with  precision.  In  most  cases  the  ignition 
temperatures  assigned  to  a series  of  gas  mixtures 
merely  give  an  approximate  index  of  their 
‘ relative  ignitibilities.’ 

The  Determination  of  Ignition  Temperatures. 
— Several  experimental  methods  (of  which  three 
principal  ones  will  be  hereafter  described)  have 
been  used  to  determine  the  so-called  ‘ ignition 
temperatures  ’ of  gases.  The  results  naturally 
differ  according  to  the  details  of  the  method 
adopted,  and  must  therefore  be  carefully 
differentiated. 


(1)  A common  method  is  to  pass  succes- 
sive samples  of  a particular  inflammable 
mixture  into  a vessel  whose  temperature 
is  gradually  raised  until  the  lowest  degree  at 
uhich  flame  appears  has  been  found.  In  this 
way  the  ‘ relative  ignitibilities  ’ of  a series  of 
gas -air  mixtures  may  be  determined,  and  for 
such  purpose  the  method  is  a useful  one.  Thus, 
for  example,  one  of  us  (R.V.W.)  has  recently 
determined  by  this  method  the  ‘ relative 
ignitibilities  ’ of  a series  of  methane-air  mixtures, 
expressed  in  each  case  as  the  lowest  temperatures 
of  the  particular  enclosure  required  to  inflame 
each  mixture,  as  follows  : — 
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According  to  Dixon  and  Croft^s  determina- 
tions by  this  method  of  the  ignition-points  of 
mixtures  containing  electrolytic  gas,  whereas 
successive  additions  of  hydrogen  or  nitrogen 
progressively  raise  the  ignition  temperature  of 
the  undiluted  gas  by  regular  increments,  as 
would  be  supposed,  successive  additions  of 
oxygen,  on  the  other  hand,  lower  it,  as  shown 
in  the  following  table  : — 

The  Ignition-points  op  Mixtures  containing 
Electrolytic  Gas  by  Adiabatic  Compression. 

(By  H.  B.  Dixon  and  J.  M,  Crofts,  1914.) 


Per  cent.  ) 
Methane  j 


60  VO  8-0  9-0  10*0  12-0  13*0 


•IP 


Temperature)  gggo  gggo  7q;|^o  726°  73 

of  enclosure  I 

It  may  be  noted,  in  passing,  that  the  most 
ignitable  of  these  mixtures  is  not  the  one  (9 ’45 
p.c.  methane)  which  on  combustion  gives  the 
greatest  heat  development  per  unit  volume, 
but  rather  those  containing  a considerable 
excess  of  oxygen.  The  method  does  not,  how- 
ever, disclose  the  lowest  temperature  at  which 
a given  mixture  can  be  ignited,  because  the 
walls  of  the  heated  vessel,  by  inducing  chemical 
combination  on  their  surface,  retard  the  actual 
appearance  of  flame. 

(2)  A better  method  (first  employed  by 
H.  B.  Dixon  and  H.  F.  Coward,  Chem.  Soc. 
Trans.  1909,  98,  514),  which  to  a large  extent 
eliminates  the  effect  of  heated  surfaces,  consists 
in  heating  the  combustible  gas  and  the  air  (or 
oxygen)  separately  to  a known  temperature 
and  then  allowing  them  to  mingle,  increasing 
the  temperature  of  each  gas  stream,  pari  passu, 
until  their  mixture  results  in  flame.  The 
‘ ignition  temperature  ranges  ’ of  some  combustible 
gases,  at  atmospheric  pressure,  as  determined 
by  this  method,  are  as  follows  ; — 


Combustible  Gas 

Hydrogen  . 
Carbon  monoxide  . 
Cyanogen 
Ethylene 
Acetylene 
Hydrogen  sulphide 
Methane 
Ethane . 


Ignition 
III  oxygen 

580°-590^C. 

637°-658° 

803°-818° 

500°-519" 

416^-440° 

220°-235° 

556°-700° 

520°-630° 


Hange 

In 

580°- 

644°- 

850°- 

542°- 

406° 

346°- 

650° 

520°- 


air 

590°C. 

658° 

862° 

547° 

440° 

379° 

750° 

630° 


Mixture 

2H.,  + 02  . 

2H2+2O.,  . 
2H2-C802  . 
2H,-f  I6O2 


Electrolytic  Gas,  2H2  + 02  = 526° 


■b^tl2 

-{-xOij 

X=1 

. 544° 

X=\ 

. 537° 

x=  1 

. 511° 

x=2 

. 561° 

x—2 

. 549° 

x=  7 

. 478° 

a:-4  . 602° 

a;=8  . 676° 

(526+18a;)° 

x==4  . 571° 

a:=8  . 615° 

(526-bllx)° 

a;=15 

. 472° 

These  figures  record  for  a given  gas  the  lowest 
temperature  at  which  any  mixture  of  it  with  air 
or  oxygen  would  inflame.  But  they  afford  no 
information  as  to  the  effect  of  varying  the 
proportions  of  the  gas  and  air. 

(3)  The  temperature  produced  by  the 
adiabatic  compression  of  a gaseous  explosive 
mixture  within  a closed  cylinder  may  be  accur- 
ately calculated  from  the  fundamental  gas  laws, 
and  this  method  has  been  successfully  employed 
by  H.  B.  Dixon  and  his  co-workers  for  deter- 
mining the  ‘ ignition  temperatures  ’ of  various 
mixtures  of  hydrogen  and  oxygen,  as  follows  : — 

Ignition  Temperature  as 
determined  by  Adiabatic 
Compression 

. 526°C. 


511° 

478° 

472° 


The  observed  raising  effects  of  successive 
dilutions  with  hydrogen  and  nitrogen  call  for 
no  comment,  save  that  the  relative  greater  effect 
of  hydrogen,  as  compared  with  nitrogen,  may 
be  attributed  to  its  greater  thermal  conductivity; 
but  the  lowering  effect  of  oxygen  is  indeed 
puzzling,  and  its  meaning  can  only  be  conjec- 
tured. Dixon  and  Crofts  have  suggested  that 
it  may  be  due  either  to  the  formation  of  some 
active  polymeride  of  oxygen  under  the  experi- 
mental conditions  (which  seems  doubtful),  or 
that  the  concentration  of  oxygen  in  some  way 
or  other  brings  about  increased  ionisation  of  the 
combustible  gas.  This  at  once  raises  the  larger 
question  of  whether  or  not  ignition  is  a purely 
thermal  problem,  as  until  recently  has  generally 

been  supposed.  . -i-  j 

Ignition  by  adiabatic  compression  is  utilised 

in  the  Diesel  oil  engine,  and  in  gas  engine 
practice  pre-ignition  of  the  charge  may  take 
place  during  the  compression  stroke  if  too  high 
a compression  is  employed.  Knowledge  of  the 
degree  of  compression  required  to  cause  the 
ignition  of  a particular  gaseous  mixture  is, 
therefore,  of  considerable  industrial  value. 

Ignition  hy  a Source  of  Heat  of  Short  Duration. 
This  is  a very  common  way  of  igniting  ex- 
plosive mixtures  in  everyday  practice,  although 
up  to  the  present  experimental  data  regarding 
it  are  very  meagre.  It  will  be  realised  that  if 
the  inflammation  of  a large  volume  of  gas  is 
attempted  by  rapidly  heating  a small  portion 
of  it,  the  size  and  duration  of  the  source  of  heat 
employed,  as  well  aS’  its  temperature,  will  be 
of  importance,  because  the  effectiveness  of  any 
means  of  ignition  depends  upon  whether  or  not 
the  volume  of  mixture  first  inflamed  communi- 
cates by  its  combustion  sufficient  heat  to  the 
adjacent  layer  of  mixture  to  inflame  it  in  its  turn. 
In  general,  the  shorter  the  duration  of  the 
source  of  heat  employed  to  ignite  a given  gas 
mixture,  the  higher  must  be  its  temperature. 
Unfortunately,  until  now  this  aspect  of  the 
question  has  been  but  little  explored,  but  the 
point  may  be  illustrated  by  some  recent  deter- 
minations of  the  * relative  ignitibilities  of 
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mixtures  of  various  gases  with  air  expressed  in 
the  terms  of  the  lowest  temperatures  at  which 
a hot  body  of  minute  area  must  be  raised  in 
order  to  cause  immediate  ignition  of  the  par- 
ticular mixture  to  which  it  was  momentarily 
applied.  Such  temperatures  have  obviously 
only  an  empirical  interest. 

Minimum  temperature  of 
hot  body  required  for 
Gas  immediate  ignition  by 

(Mixtures  with  air)  momentary  contact 

Hyd  rogen  . . . 747°C. 

Carbon  monoxide  . . 9.31° 

Ethylene  . . . 1000° 

Coal  gas  . . .878° 

Petrol  (Fraction  0-80°C.)  99.5° 

Benzene  . . . 1062° 

Ether  ....  1033° 

Ignition  hy  Electric  Sparks. — It  is  still  a 
matter  of  controversy  whether  ignition  by 
means  of  an  electric  spark  is  a thermal  pheno- 
menon, or  whether  there  is  simultaneous 
ionization  of  the  mixture  by  the  spark,  the 
ionization  playing  a necessary  and  important 
part  in  promoting  the  combustion  of  the  gases. 
So  far  as  the  secondary  discharge  is  concerned, 
ionization  of  the  mixture  between  the  electrodes 
undoubtedly  precedes  the  passage  of  the  dis- 
charge ; and  it  is  possible  that  this  preliminary 
ionization  may  render  the  molecules  more  reac- 
tive than  usual  towards  each  other.  It  is  known 
that  the  exposure  of  some  gaseous  mixtures  to 
a source  of  intense  ionization  causes  their  com- 
bination at  quite  low  temperatures.  The  point 
of  controversy  would,  therefore,  appear  to  be 
whether  in  the  ignition  of  gaseous  mixtures  by 
an  electric  spark  ionic  rather  than  thermal 
phenomena  predominate  ; whether,  in  fact,  an 
electric  spark  is  more  effective  as  an  ionizer  than 
is  a flame  or  a heated  solid. 

Insufficient  experimental  work  has  been  done 
to  enable  a decision  to  be  reached  on  this  matter. 
The  character  of  the  phenomena  of  spark  igni- 
tion seems  to  differ  from  that  of  the  phenomena 
of  ignition  by  the  prolonged  contact  of  a heated 
surface.  Thus,  the  type  of  curve  that  can  be 
constructed  connecting  ‘ igniting -current  ’ or 
‘ spark-energy  ’ with  percentage  com  jiosition  of 
mixtures  of  any  given  inflammable  gas  with  air 
differs  from  the  type  of  curve  connecting 
ignition  temperatures,  as  determined  by  the 
first  method  described,  with  percentage  com- 
position {see  Fig.  1).  It  may  be,  however,  that 
this  difference  is  due  to  a large  extent,  if  not 
entirely,  to  the  short  duration  and  small  size 
of  the  electric  spark  ; also  that  the  rapidity 
with  which  flame  can  travel  in  a mixture  away 
from  the  source  of  heat  becomes  of  importance 
equally  with  the  susceptibility  of  the  mixture 
to  ignition  when  the  source  of  ignition  is  very 
small  and  lasts  but  a short  time.  It  may  be 
noted  that  the  spark  ignition  curve  in  Fig.  1 is 
nearly  the  inverse  of  the  speed-percentage  curve 
for  flame  in  methane-air  mixtures  described  in 
the  ensuing  section  of  this  article  {see  Fig.  2). 

Limits  of  Inflammability. — If  the  whole 
volume  of  a gaseous  mixture  be  raised  to  its 
ignition-temperature,  as  it  is,  for  example,  in 
the  cylinder  of  a Diesel  engine,  it  necessarily 
follows  that  the  whole  of  it  is  inflamed.  On 
the  otlier  hand,  the  introduction  into  a gaseous 
mixture  of  a small  source  of  heat  at  a tempera- 


ture considerably  higher  than  the  ignition - 
temperature  of  the  mixture  need  not  cause 
complete  propagation  of  flame. 

It  is  well  known  that  when  a flame  is  intro- 
duced into  a mixture  of  an  inflammable  gas 
and  air  containing  but  little  inflammable  gas, 
a ‘ cap  ’ or  aureole  is  formed  around  the  flame  ; 
and  that  this  cap  is  larger  the  greater  the  pro- 
portion of  inflammable  gas  present.  The  coal- 
miner regularly  uses  this  formation  of  a cap  as 
an  indication  of  the  ]:)resence  of  firedamp  in 
the  workings  of  the  mine.  It  has  been  observed 
also  that  in  a current  of  gas  and  air,  poor  in 
combustible  gas,  passing  a lamp  flame  or  similar 
source  of  heat,  the  cap  or  aureole  may  become 
separated  from  the  burning  body  by  which  it  is 
originated  and  be  carried  along  for  a limited 
distance,  giving  a ‘ cloud  ’ of  flame.  But 
unless  this  cloud  were  fed  by  some  mixture 
richer  in  combustible  gas  than  that  in  which 
it  originated  it  would  gradually  die  away.  In 
a uniform  mixture  of  gas  and  air  the  flame 
could  only  be  carried  on  automatically  through- 
out the  extent  of  the  mixture  if  the  inflammable 
gas  were  present  in  quantity  above  what  is 
termed  the  ‘ lower  limit  ’ of  inflammability. 

When  a source  of  heat  is  introduced  into  a 
stagnant  mixture  of  combustible  gas  and  air, 
two  things  are  necessary  to  ensure  propagation 
of  flame  throughout  that  mixture,  namely,  {a)  an 
adequate  means  of  ignition,  and  (&)  a sufficient 
proportion  of  inflammable  gas. 

Supposing  that  too  small  a proportion  of 
combustible  gas  is  present,  only  a small  quantity 
of  heat  per  unit  volume  of  mixture  is  generated 
when  the  layer  surrounding  the  initial  source  of 
heat  is  inflamed,  and  the  products  of  com- 
bustion have  to  impart  heat  to  a considerable 
volume  of  inert  gases.  The  number  of  collisions 
between  molecules  of  combustible  gas  and  of 
oxygen  that  are  chemically  effective  is  therefore 
small.  Such  collisions,  resulting  in  combination, 
will  occur  only  in  the  neighbourhood  of  the 
initial  source  of  heat  around  which  an  aureole 
will  form  of  a size  denendent  on  the  nature  and 

.L. 

quantity  of  the  combustible  gas  present. 

As  the  proportion  of  combustible  gas  is 
increased  a proportionately  greater  quantity  of 
heat  is  evolved  j)er  unit  volume  of  mixture, 
and  a smaller  quantity  of  inert  gases  is  present 
to  absorb  it.  At  length  a point  is  reached  when 
the  amount  of  heat  contained  in  the  products 
of  combustion  of  any  given  layer  is  just  suffi- 
cient to  raise  the  adjacent  layer  to  its  ignition 
temperature.  Flame  is  then  propagated  pro- 
gressively throughout  the  mixture  without  any 
necessity  for  the  continued  presence  of  the  source 
of  heat  which  started  the  inflammation,  and  the 
mixture  is  said  to  ‘ inflame  ’ or  ‘ explode,’ 
according  to  the  rapidity  of  the  propagation. 

To  ensure  propagation  of  flame  throughout 
the  mixture,  therefore,  it  is  necessary  for  the 
initial  source  of  heat  to  be  of  a volume,  intensity, 
and  duration  sufficient  to  raise  the  layer  of  gases 
surrounding  it  to  the  ignition  temperature  of 
the  mixture,  and  for  the  heat  contained  in  the 
products  of  combustion  of  this  first  layer  to  be 
sufficient  to  raise  the  next  layer  to  its  ignition 
temperature,  and  so  on.  An  inflammable 
mixture  can  be  defined  as  a mixture  in  which 
flame  can  spread  to  any  distance,  independently 
of,  and  away  from,  the  original  source  of  ignition 
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In  the  case  of  mixtures  of  any  particular 
combustible  gas  with  air  (or  oxygen)  there  are, 
under  given  physical  conditions,  certain  limits 
of  comjDosition  within  (but  not  outside  of), 
which  self-propagation  of  dame  will  take  place 
after  ignition  has  once  been  effected.  These 
limits,  dedned  in  terms  of  the  percentage  of  the  • 
combustible  gas  present,  are  usually  referred 
to  as  the  ‘ lower  ’ and  ‘ higher  ’ limits  of  in- 
dammability  of  the  gas  under  the  given  con- 
ditions. For  any  particular  gas  they  differ 
shghtly  with  the  position  of  the  source  of 
ignition,  since  the  progress  of  the  dame  may  be 
assisted  or  retarded  by  convection-currents 
dependent  upon  whether  it  has  to  pass  in  an 
upward  or  downward  direction.  For  example, 
with  mixtures  of  methane  and  air  and  of  acetone 
vapour  and  air  the  limits,  expressed  as  per- 
centages by  volume  of  the  mixtures,  are  as 
follows  for  upward,  downward,  and  horizontal 
propagation  of  dame  : — 

Lower  dmit 

Upward  Downward  Horizontal 
Methane  . .5-40  6-00  5-40 

Acetone  vapour  . 2*15  2*35  2*20 

Higher  Limit 

- - 

Upward  Downward  Horizontal 
Methane  . .14*80  13*40  14*30 

Acetone  vapour  . 9*70  8*50  9*50 

The  limits  of  indammabihty  of  a number  of 
gases  and  vapours,  mixed  with  air  at  atmo- 
spheric temperature  and  pressure,  are  given  in 
the  table  that  follows.  For  all  but  hydrogen  and 
carbon  monoxide  the  criterion  of  indammabihty 
adopted  for  the  determinations  was  propagation 
of  dame  throughout  a 2|-litre  sphere,  ignition 
being  at  the  centre.  The  dgures  for  hydrogen 
and  carbon  monoxide  refer  to  upward  propaga- 
tion-of  dame. 


Gas 

Lower  limit 
p.c. 

Upper  limit 

p.c. 

Hydrogen 

. 4*1 

71*5 

Carbon  monoxide. 

. 12*5 

73*0 

Methane 

. 5*6 

14*8 

Ethane 

. 3*1 

10*7 

Propane 

. 2*2 

7*4 

Butane 

. 1*7 

5*7 

Pentane 

. 1*4 

4*5 

Ethylene 

. 3*0 

22*0 

Acetylene  , 

. 3*3 

52*3 

Vapour 

Lower  limit 

p.c. 

Upper  limit 

p.c. 

Benzene 

. 1*5 

5*6 

Toluene 

. 1*4 

5*4 

Ethyl  alcohol 

4*4 

— 

Methyl  alcohol 

. 6*5 

24*0 

Ethyl  ether 

. 2*0 

5*0 

Acetone 

. 2*25 

9*6 

Carbon  disulphide 

. 4*2 

— 

Petroleum  benzine 

. 1*1 

3*8 

Gasoline 

. 1*5 

5*3 

Tliz  Effect  of  Ternperaiure. — From  what  has 
been  said  in  the  jjreceding  paragraph,  it  is 
evident  that  the  self-propagation  of  dame  through 
a mixture  is,  in  principle,  dependent  on  the 
temperature  that  the  portion  of  the  mixture 
which  is  burning  can  impart  to  the  portion 
which  is  about  to  burn,  from  which  it  follows 
that  the  higher  the  initial  temperature  of  the 


mixture  the  less  dependent  is  the  propagation 
of  dame  upon  the  heat  generated  by  combustion. 
Hence  the  effect  of  increasing  the  initial  tem- 
perature of  mixtures  of  an  inflammable  gas  and 
air  should  be  to  widen  the  range  of  indamnia- 
bility,  lowering  the  lower,  and  raising  the  higher 
limit. 

Thus  it  has  been  found  experimentally  that 
a progressive  increase  in  the  initial  temperature 
of  mixtures  of  methane  and  air  from  20°  to  700° 
caused  a corresponding  decrease  in  the  amount 
of  methane  required  to  enable  self-propagation 
of  dame  to  take  place  from  6*00  to  3*25  p.c. 
(downward  propagation).  Similarly,  the  higher 
limit  was  raised  gradually  from  13*40  p.c.  at 
20°  to  16*40  at  600°. 


The  Effect  of  Pressure. — As  exemplifying  the 
induence , of  the  initial  pressure  of  gaseous 
mixtures  upon  their  limits  of  indammability, 
the  case  of  mixtures  of  methane  and  air  may 
be  cited.  A reduction  of  the  initial  pressure,  at 
20°C.,  from  760  to  380  mm.  has  but  little  effect 
on  the  limits  ; but  below  a pressure  of  300  mm. 
mercury  the  effect  is  marked,  the  limits  narrow- 
ing rapidly  until,  at  a pressure  of  120  mm.  no 
mixture  of  methane  and  air  is  capable  of  self- 
propagation of  dame  (downwards).  On  the 
other  hand,  an  increase  of  pressure  above  760 
mm.  slightly  raises  both  the  lower  and  the 
higher  limit,  the  dgures  at  6 atmospheres  being 
6*40  and  14*05  p.c.  of  methane  respectively,  for 
downward  propagation  of  dame. 

The  lower  limit  with  mixtures  of  hydrogen 
and  air,  and  of  carbon  monoxide  and  air,  is  also 
raised  by  increasing  the  initial  pressure  above 
760  mm.,  but  with  these  two  gases  the  higher 
limit  is  lowered. 

Mixtures  of  Inflammable  Oases. — In  the  case 
of  a mixture  of  indammable  gases  such  as  coal 
gas,  a general  formula  is  available  by  means  of 
which  its  limits  of  indammability  with  air  may 
be  calculated  if  its  composition,  and  the  corre- 
sponding limits  of  the  individual  gases  are 
known.  If  a,  h,  c,  ...  are  the  relative  pro- 
portions of  its  components,  and  A,  B,  C,  . . . 
their  respective  limits  of  indammability,  then 
L,  the  limit  for  the  mixed  gases,  is  given  by  the 
equation  : — 


a+6+c+ 


a b c 
A+B+C+  • • • 


. (i.) 


This  relationship  holds  both  at  the  lower  and 
the  higher  limit.  It  implies  that  if  a limit- 
mixture  with  air  of  one  indammable  gas  is  mixed 
in  any  proportion  with  a limit-mixture  with  air 
of  another  indammable  gas,  a limit-mixture 
results. 

It  has  been  necessary  to  emphasize  the  fact 
that  this  formula  refers  to  mixtures  of  com- 
bustible gases  with  air,  for  the  reason  that  the 
presence  of  any  considerable  quantity  of  an 
unindammable  constituent,  such  as  nitrogen, 
in  the  commercial  gas  would  narrow  the  range 
of  indammability,  just  as  the  range  for  a pure 
gas  is  narrowed  if  the  oxygen- content  of  the  air 
is  reduced. 

The  effect  of  Incombustible  Gases. — The  effect 
of  a reduced  oxygen-content  of  the  ‘ air,’  or  of 
the  presence  of  inert  constituents  in  the  ‘ com- 
bustible gas,’  is  more  marked  at  the  higher 
than  at  the  lower  limit.  This  is  well  illustrated 
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by  determinations  of  the  limits  for  mixtures  of 
methane  with  ‘ atmospheres  ’ containing  different 
proportions  of  oxygen.  These  determinations 
afford  an  index  of  the  general  effect  of  ‘ inert  ’ 
gases  on  the  limits  of  inflammable  gases  in 
general  when  the  actual  data  are  not  available ; 
the  effect  of  carbon  dioxide  is  rather  more 
pronounced  than  that  of  nitrogen. 


Atmosphere 

Methane 

— p.c. 

Oxygen 

Nitrogen 

Lower  limit 

Higher  limit 

20-90 

79-10  (air) 

5-60 

14-82 

19-22 

80-78 

— 

12-93 

18-30 

81-70 

— 

11-91 

17-00 

85-00 

5-80 

10-55 

15-82 

84-18 

5-83 

8-96 

14-86 

85-14 

6-15 

8-36 

13-90 

86-10 

6-35 

7-26 

13-45 

86-55 

6-50 

6-70 

13-25 

86-75 

No  mixture  capable  of 
propagating  flame. 

Speed  of  Propagation  of  Flame. — During  the 
propagation  of  flame  in  any  ‘ limit  ’ mixture,  a 
balance  is  struck  between  heat  generated  by 
combustion  and  heat  employed  in  starting  com- 
bustion, together  with  heat  lost  by  conduction 
and  radiation.  Theoretically,  therefore,  pro- 
vided that  the  amount  of  energy  imparted  to 
the  system  by  the  initial  source  of  ignition  is 
small,  so  that  no  appreciable  impetus  to  the 
propagation  of  flame  occurs  near  the  source  of 
ignition,  flame  should  travel  in  a limit-mixture 
at  a uniform  speed.  This  is  found  to  be  so  in 
practice  ; the  speed  of  the  flame  is  slower  in  a 
limit  mixture  for  downward  than  in  one  for 
uj)ward  propagation ; but  under  either  condition 
it  is  quite  uniform  throughout  the  extent  of  the 
mixture. 

It  is  otherwise  when  the  proportion  of  in- 
flammable gas  lies  at  some  intermediate  point 
between  the  limits  ; that  is  to  say,  when  the 
mixture  is  such  that  one  layer  on  burning  is 
capable  of  imparting  to  the  uninflamed  layer 
adjacent  to  it  a temperature  higher  than  the 
ignition-temperature  of  the  mixture.  The 
phenomena  of  propagation  of  flame  in  such 
mixtures  are  dependent  in  a marked  degree 
upon  the  conditions  under  which  ignition  is 
effected,  so  that  it  is  necessary  when  speaking 
of  the  propagation  of  flame  through  them  to 
specify  exactly  those  conditions. 

When  ignition  of  a mixture  of  combustible 
gas  and  air  has  been  effected  at  the  open  end 
of  a long  tube  which  is  closed  at  the  other  end, 
the  flame  can  be  propagated  in  two  principal 
ways,  namely,  (a)  by  transmission  (by  radiation, 
conduction,  and  convection)  of  the  heat  de- 
veloped by  the  burning  of  one  layer  of  gas  to 
the  layer  adjacent  to  it;  and  (b)  by  the  trans- 
mission of  a sufficiently  high  pressure. 

According  to  the  first  mode  of  propagation, 
the  flame  travels  along  the  tube  at  a uniform 
speed  for  a certain  distance,  and  then  develops 
vibrations,  swinging  backward  and  forward 
with  oscillations  of  increasing  amplitude.  The 
mean  speed  of  the  flame  during  this  vibratory 
movement,  which  comprises  a series  of  compres- 
sion and  rarefaction  waves,  is  usually  greater 
than  the  speed  of  the  uniform  movement. 
According  to  the  nature  of  the  mixture,  either 
the  vibrations  may  continue  to  the  end  of  the 
tube,  or  the  flame  may  become  extinguished 


during  a particularly  violent  vibration  {e.g. 
during  rarefaction).  Or  again,  a sudden  per- 
manently greater  enhanced  speed  of  flame  may 
be  developed  as  the  result  of  the  second  mode  of 
propagation  coming  into  play  (during  a com- 
pression). 

. During  this  second  mode  of  propagation 
each  layer  of  gas  is  compressed  so  suddenly 
that  it  is  raised  beyond  its  ignition  temperature 
by  the  heat  of  compression,  and  in  burning  it 
compresses  in  turn  the  unburnt  layer  in  front 
of  it.  As  already  stated,  the  speed  of  the  flame 
during  this  mode  of  propagation  is  permanently 
enhanced ; it  is,  in  fact,  the  maximum  speed 
attainable  by  the  flame  and  is  a physical  constant 
for  each  mixture  of  gases.  The  phenomenon  is 
termed  the  ‘ detonation  wave.’ 

When  ignition  takes  place  at  the  closed  end 
of  a tube  open  at  the  other  end,  the  flame 
travels  at  a rapidly  increasing  speed  towards 
the  open  end.  If  the  tube  is  long  enough,  the 
flame  may  eventually  assume  a vibratory 
character  and  the  detonation- wave  may  be 
developed. 

What  has  been  said  in  this  short  summary 
refers  only  to  mixtures  of  a combustible  gas 
with  air ; mixtures  with  pure  oxygen  behave 
somewhat  differently.  With  regard  to  the  latter, 
it  may  be  stated  that,  in  general,  (a)  the  prelimi- 
nary period  of  uniform  movement  is  shorter,  (6)  a 
rapid  acceleration  follows,  and  (c)  this  is  imme- 
diately succeeded  by  the  detonation-wave 
without  any  vibratory  movement  taking  place. 

Of  the  different  phases  in  the  propagation 
of  flame  in  mixtures  of  gases,  the  two  regarding 
which  most  information  is  available  are  the 
‘ uniform  movement  ’ and  the  ‘ detonation  wave.’ 
Some  further  account  of  these  will  now  be  given. 

The  Uniform  Movement. — The  initial  slow 
propagation  of  flame  that  takes  place  when  an 
inflammable  mixture  at  rest  is  ignited  at  a point, 
is  usually  regarded  as  controlled  by  the  trans- 
ference, by  conduction,  of  the  heat  developed 
by  the  combustion  of  the  mixture  immediately 
surrounding  the  point  of  ignition,  whereby 
successive  contiguous  portions  of  the  mixture 
are  raised  in  temperature  until  chemical  action 
becomes  rapid.  The  initial  speed  of  propagation 
of  flame  in  a given  mixture  away  from  the  point 
of  ignition  should  mainly  depend,  according  to 
this  view  {a)  on  the  conductivity  for  heat  of  the 
unburnt  mixture,  and  (6)  on  the  velocity  with 
which  a moderately  heated  layer  begins  to  react 
chemically  and  so  to  rise  gradually  in  tempera- 
ture ; or,  in  other  words,  on  the  rate  of  change 
of  reaction  velocity  with  temperature. 

Under  certain  conditions,  with  all  inflam- 
mable mixtures  of  gases  and  air  at  atmospheric 
temperature  and  pressure,  the  initial  slow  pro- 
pagation of  flame  can  be  maintained  at  a 
uniform  speed  over  a considerable  distance  of 
travel  from  the  point  of  ignition.  The  conditions 
most  favourable,  or  perhaps  even  necessary,  to 
initiate  and  maintain  this  ‘ uniform  movement  ’ 
of  flame  are  (a)  that  the  inflammable  mixture 
should  be  contained  in  a long  straight  tube  open 
at  one  end  and  closed  at  the  other  ; and  (b)  that 
ignition  should  be  at  the  open  end  by  a source 
of  heat  not  greatly  exceeding  in  temperature  the 
ignition  temperature  of  the  mixture,  and  not 
productive  of  mechanical  disturbance  of  the 
mixture.  The  speed  of  the  uniform  movement 
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then  depends  on  the  composition  of  the  mixture 
(i3res limed  to  he  at  atmospheric  temperature 
and  pressure),  and  on  the  diameter  of  the  tube 
in  which  it  is  contained. 

With  a tube  of  a given  diameter  the  speed 


Eig.  1. 

of  the  uniform  movement  of  flame  in  a mixture 
can  be  regarded  as  a definite  physical  constant 
for  that  mixture,  and  its  measurement  is  of 
considerable  value  in  enabling  a judgment  to  be 
formed  of  the  behaviour  of  the  mixture  under 
normal  conditions  of  burning. 


In  Fig.  2 are  shown  speed -percentage  curves 
for  the  uniform  movement  of  flame  in  mixtures 
of  some  of  the  common  combustible  gases  with 
air  over  the  whole  range  of  inflammability  for 
each  gas.  All  the  measurements  were  made  in 
a tube  of  2 '5  cm,  internal  diameter,  so  that  they 
are  strictly  comparable  one  with  another, 
j Apart  from  the  striking  differences  in  the  speeds 
obtainable  in  different  gases  displayed  by  this 
diagram,  a noticeable  feature  of  the  curves  is 
the  fact  that  with  each  gas  the  maximum  speed 
is  obtained  not,  as  might  perhaps  be  expected, 
with  the  theoretical  mixture  for  complete  com- 
bustion, but  over  a range  of  mixtures  containing 
an  excess  of  inflammable  gas. 

The  extent  to  which  the  speed  of  the  uniform 
movement  is  affected  by  the  size  of  the  tube 
along  which  the  flame  travels  has  been  deter- 
mined for  mixtures  of  methane  and  air.  The 
results  are  recorded  in  Fig.  3.  For  all  practical 
purposes  it  can  be  assumed  that  the  speed  of 
the  uniform  movement  of  flame  in  mixtures 
with  air  of  gases  other  than  methane  will  be 
affected  to  a similar  degree,  so  that  the  absolute 
speeds  of  the  flames  in  pipes  30,  60,  and  90  cm. 
in  diameter  will  be  respectively  about  2-5,  3, 
and  3 ’5  times  as  great  as  the  speeds  recorded 
in  the  2’5  cm.  tube  (Fig.  2). 

It  should  be  noted  that  the  uniform  speeds 
of  the  flames  in  tubes  of  large  diameter  (greater 
than  10  cm.  for  methane-air  mixtures)  are  not, 
strictly  speaking,  those  of  the  ‘ uniform  move- 
: ment  ’ as  previously  defined,  since  they  are  not 
I controlled  solely  by  conduction  of  heat.  A 


Combustible  gos,  per  cent  in  air. 

Fig.  2. 

» 


second  factor,  namely,  convection,  comes  into 
play  when  the  tubes  are  large,  and  is  responsible 
for  the  enhanced  speed  of  flame. 

Mixtures  of  Inflammable  Gases. — It  has  been 
found  that  a similar  expression  to  that  used  for 
calculating  the  limits  of  inflammability  of  mixed 
combustible  gases  can  be  employed  to  determine, 
with  fair  accuracy,  the  maximum  speed  of 


uniform  movement  of  flame  for  any  complex 
gas  mixed  with  air,  from  a knowledge  of  its 
composition  and  the  maximum  speeds  of  each 
of  the  components.  The  expression  is  : — 

If.  i ^ 4_ 

Sa+S&+Sc"^  ■ ■ ' 
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in  which  S is  the  speed  required  ; a,  h,  c . . . maximum  speeds  of  flame  in  mixtures  of  the 
the  proportions  of  the  different  simple  consti-  ; individuals  with  air. 

tuents  in  the  complex  inflammable  gas  (coal-  j Formula  (i.)  can  be  used  also  for  determining 
gas,  for  example)  ; and  S:*,  Sft,  Sc  • . . the  j the  composition  of  the  mixture  of  the  complex 


Metb^ne  in  a/r,  per  cent 

Fig.  3. 


gas  and  air  in  which  the  speed  of  the  uniform 
movement  of  flame  will  be  greatest ; and 
formula  (ii.)  for  determining  the  speed  of  flame 
in  the  limit-mixtures,  and  (though  with  rather 
less  accuracy)  in  the  mixture  containing  the 
gases  in  theoretical  proportions  for  complete 
combustion. 

The  value  of  these  formulae  will  be  appre- 
ciated if  reference  be  made  to  Fig.  2,  wherein 
are  recorded,  for  comparison  with  the  simple 
gas -air  mixtures,  the  speeds  of  the  uniform 
movement  of  flame  in  mixtures  of  the  composite 
gases  CH4+H2  and  3CH4-I-H2  with  air  as 
determined  by  actual  measurement  in  a tube 
2-5  cm.  in  diameter.  It  will  be  seen  that  the 
gas  with  the  lower  speed  of  flame  and  the 
smaller  range  of  inflammability  (methane)  has 
the  predominating  influence  in  deciding  the 
magnitude  of  these  constants  for  the  miked 
gas 

The  Hjfect  of  Incomhustihle  Gases. — In 
addition  to  restricting  the  limits  of  inflamma- 
bility, the  presence  of  an  incombustible  gas 
mixed  with  the  combustible  gas  has  the  effect 
of  reducing  the  speed  of  flame  in  any  of  the 
mixtures  with  air.  This  effect  is  illustrated 
in  Fig.  4,  which  shows  the  sjjeed-percentage  I 


! curves  for  the  uniform  movement  of  flame  in 
mixtures  of  methane  with  nitrogen- oxygen 
mixtures  containing  less  oxygen  than  air,  the 


Melhane,  percent 

Fig.  4. 


curve  for  air-mixtures  being  given  for  com- 
parison. This  diagram  shows  also  the  effect 
of  nitrogen  in  reducing  the  range  of  inflamma- 
bility and  establishes  the  fact,  theoretically 
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deducible,  that  the  speed  of  travel  of  flame  is 
the  same  in  all  limit -mixtures  that  comprise 
the  same  constituent  gases.  The  experiments 
from  which  these  curves  are  constructed  were 
made  in  a tube  5 cm,  in  diameter,  so  that  the 
speeds  are  not  directly  comparable  with  those 
recorded  in  Fig.  2. 

B. — The  Development  of  ‘Detonation’  in 
Gaseous  Explosions.  The  Explosive 
Wave  and  ‘ Retonation  ’ — Ratio  of  Ex- 
plosion 

It  was  in  the  year  1881  that  Berthelot  and 
Vieille,  and  independently  also  Mallard  and  Le 
Chatelier,  announced  the  discovery  of  the  rapid 
acceleration  of  the  initial  velocity  of  inflamma- 
tion in  the  progress  of  gaseous  ex- 
plosions and  the  final  attainment  of 
the  enormously  higher  constant  velo- 
city of  the  ‘ explosion  wave.’  Since 
that  date,  the  phenomena  associated 
with  the  development  of  ‘ detona- 
tion ’ and  the  propagation  of  the  ex- 
plosion wave  has  been  extensively 
studied  in  this  country  by  H.  B. 

Dixon  and  his  co-workers. 

Mallard  and  Le  Chatelier  devised 
a photographic  method  for  investi- 
gating the  initial  phases  of  gaseous 
explosion,  and  the  development  of 
detonation,  which  consisted  in  record- 
ing on  a sentitised  plate,  moving  at  a 
known  velocity  on  a vertical  plane, 
the  movement  of  the  flame  as  it 
travelled  along  a horizontal  glass 
tube.  A graph  compounded  of  the 
two  velocities  was  thus  obtained. 

H.  B.  Dixon’s  experimental  method 
consisted  in  photographing  the  explo- 
sion flame  travelling  along  a hori- 
zontal tube  on  a highly  sensitive  film 
rotated  vertically  mth  a constant 
high  velocity  (varying,  however,  be- 
tween twenty- five  and  fifty  metres 
per  second  in  different  experiments), 
the  explosion  tube  being  placed  at 
such  a distance  from  the  camera  that 
the  size  of  the  image  was  about  one- 
thirtieth  that  of  the  flame.  In  this 
way  it  was  found  possible  to  analyse 
the  progress  of  an  explosion  from  its 
point  of  origin  up  to  the  final  attain- 
ment of  its  maximum  force  and  velo- 
city in  ‘ detonation.^  The  investigation  also 
included  the  discovery  of  the  wave  of  ‘ retona- 
tion,'’ which  is  thrown  back  through  the  still 
burning  gases  from  the  point  where  detonation 
starts  (a  phenomenon  also  discovered  by  Le 
Chatelier  independently  in  1900),  of  the  effects 
of  collision  between  two  explosion  waves,  and  of 
the  passage  of  reflected  waves  through  the  hot 
products  of  explosion. 

The  phenomena  associated  with  the  develop- 
ment of  an  explosion  in  a gaseous  mixture,  fired 
in  a closed  tube  by  a spark  passed  between  wires 
a few  inches  from  the  closed  end,  are  very  clearly 
shown  in  the  photograph  reproduced  in  Fig.  5 
which  is  analysed  in  Fig.  6.  This  photograph 
was  taken  during  an  experiment  in  which  carbon 
disulphide  was  exploded  with  a quantity  of 
oxygen  represented  by  the  expression  CSa+SOg. 
The  flame  in  starting  at  the  point  o,  sends  out 

VoL.  11.— T. 
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invisible  compression  waves  in  both  directions 
along  the  tube,  which  travel  in  advance  of  the 
flame  with  the  velocity  of  sound  through  the 
unburnt  gases,  as  represented  by  the  dotted 
lines  OM,  on  in  the  diagram.  The  flame 
itself,  travelling  at  first  more  slowly  than  the 
compression  waves,  traces  the  curves  oa  and 
OB.  The  compression  wave  on,  on  reaching 
the  closed  end  of  the  tube,  is  reflected  back  again 
as  NO,  and,  on  meeting  the  flame  (which  is  still 
travelling  in  the  direction  oa),  retards  it,  and 
passes  thence  through  the  hot  and  probably  still 
burning  gases  as  the  visible  wave  cd.  An 
instant  later  it  overtakes  at  d the  front  of  the 
flame,  travelling  in  the  direction  ob,  thereby 
accelerating  it  and  increasing  its  luminosity  in 


consequence  of  the  quickened  combustion.  The 
flame  then  continues  to  move  forward  with 
rapidly  accelerated  velocity  until  ‘ detonation  ’ 
is  set  up  at  the  point  e.  At  this  point  a strongly 
luminous  wave  of  compression  eg  (the  ‘ re- 
tonation wave  ’)  is  sent  backwards  through  the 
still  burning  gases,  which,  on  reaching  the  near 
end  of  the  tube,  is  reflected  back  again  as  gh. 
The  detonation  ‘ wave  ’ ef  passes  onward 
through  the  mixture  with  its  characteristic 
uniform  high  velocity  and  intense  luminosity. 
Fig.  7 is  a similar  photograph  showing  the 
development  of  ‘ detonation,’  and  the  pheno- 
menon of  ‘ retonation  ’ in  the  case  of  mixture 
of  cyanogen  and  oxygen  (CaNg-bOj)  fired  near 
the  closed  end  of  a tube. 

Except  in  special  circumstances  {e.g.  when 
it  is  reinforced  by  another  reflected  wave)  the 
velocity  of  the  retonation  wave  is  always 
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inferior  to  that  of  detonation  ; thus  Le  Chatelier 
gives  2990  metres  per  second  for  the  ‘ detonation 
wave  ’ and  2330  metres  per  second  for  the 
‘ retonation  wave  ’ in  an  equimolecular  mixture 
of  acetylene  and  oxygen.  When,  however,  the 
‘ retonation  wave  ’ is  developed  just  at  the  closed 
end  of  a tube  {e.g.  when  the  explosive  mixture 
is  fired  at  such  a distance  from  the  closed  end 
that  ‘ detonation  ’ is  set  up  just  as  the  flame 
arrives  at  the  end)  it  may  be  reinforced  by  a 
reflected  wave,  in  which  case  its  velocity  cannot 
be  distinguished  from  that  of  a true  ‘ detonation.’ 

The  explanation  of  the  intense  luminosity  of 
the  retonation  wave,  and  its  higher  velocity 
than  sound  through  the  exploded  gases,  is  to  be 
found  in  the  fact  that  the  combustion  during 
the  initial  stages  of  an  explosion  is  very  much 

slower  than  when 
detonation  has  been 
set  up.  Under  the 
extreme  conditions 
of  ‘ detonation  ’ the 
temperature  of  each 
successive  layer  of 
the  explosive  mix- 
ture is  suddenly 
raised  to  the  ignition 
point  by  adiabetic 
compression,  and  it 
is  probable  that  a 
large  proportion  of 
collisions  between 
chemically  opposite 
molecules  are  fruit- 
ful of  change.  The 
whole  combustion  is 
probably  completed 
in  an  immeasurably 
short  interval  of 
time,  as  the  result 
of  a comparatively 
limited  number  of 
successive  molecu- 
lar collisions.  But 
during  the  initial 
period  of  the  ex- 
plosion (‘  inflamma- 
tion ’)  not  only  is  the 
flame  propagated 
with  a much  slower 
velocity,  but  also 
the  actual  process  of 
combustion  is  much 
more  prolonged  than  in  detonation,  and  at  the 
moment  when  detonation  is  set  up  combustion  is 
still  proceeding  in  the  layers  of  gas  for  some  dis- 
tance behind  the  flame-front.  The  ‘ retonation  ’ 
wave,  in  passing  backward  through  these  layers, 
quickens  this  residual  combustion,  and  is  itself 
thereby  rendered  highly  luminous.  This  inter- 
pretation is  supported  by  the  repeated  obser- 
vations of  Dixon,  that  the  collision  of  two  flames, 
in  neither  of  which  ‘ detonation  ’ has  been 
determined,  ivill  frequently  give  rise  to  reflected 
waves  more  rapid  and  more  luminous  than  the 
incident  waves.  There  can  be  little  doubt  as 
to  tlie  important  part  played  by  reflected  waves 
in  determining  the  violent  shattering  effects 
associated  with  gaseous  explosions  on  a large 
scale. 

The  Explosion  Wave. — Berthelot  and  Vieille, 
in  announcing  their  discovery  of  the  develop- 


ment of  detonation  ^ (Fonde  explosive  ’)  in 
gaseous  explosions,  described  it  as  ‘ une  certaine 
surface  regulaire,  oii  se  developpe  la  transforma- 
tion, et  qui  realise  un  meme  6tat  de  combinaison, 
de  temperature,  de  pressure,  etc.  Cette  surface, 
une  fois  produite,  se  propage  ensuite,  de  couclie  en 
couche,  dans  la  masse  tout  entiere,  par  suite  de  la 
transmission  des  chocs  successifs  des  molecules 
gazeuses  amenees  d un  etat  vihratoire  plus  intense 
en  raison  de  la  chaleur  degagee  dans  leur  com- 
binaison, et  transformies  sur  place,  ou,  plus 
exactement,  avec  un  faible  diplacement  rdatij 
. . Such  conditions^  are  comparable  with 
those  of  a sound  wave  passing  through  the 
gaseous  mixture,  with,  however,  the  important 
difference  that,  whereas  a sound  wave  is  propa- 
gated from  layer  to  layer  with  a small  compres- 
sion and  a velocity  determined  solely  by  the 
physical  condition  of  the  vibrating  medium,  it 
is  an  abrupt  change  in  chemical  condition  which 
is  propagated  in  the  explosion  wave,  and  wliich 
generates  an  enormous  force  as  it  passes  through 
each  successive  layer  of  the  medium. 

In  their  experimental  work  Berthelot  and 
Vieille  proved  that  the  velocity  of  the  explosion 
wave  is  independent  of  the  length  of  the  column 
of  gas  traversed,  and  of  the  material  or  diameter 
of  the  tube  employed  (at  least  above  a certain 
small  limiting  diameter).  It  is  also  immaterial 
whether  the  tube  is  laid  out  straight,  coiled 
round  a drum,  or  even  zigzagged.  They  also 
concluded  that  the  velocity  is  independent  of 
the  initial  pressure,  but  this  is  not  strictly 
correct,  as  H.  B.  Dixon  has  since  shown.  The 
rate  increases  slightly  with  the  initial  pressure, 
attaining  a nearly  constant  value  at  a pressure 
of  about  two  atmospheres. 

It  must  be  understood  that  when  detonation 
is  once  determined  in  a particular  explosive 
mixture,  the  wave  is  propagated  with  constant 
velocity  {i.e.  for  a given  initial  temperature  and 
pressure),  which  velocity  is  indeed  an  important 
physical  constant  for  the  particular  mixture. 
The  following  ‘ rates  of  explosion,’  as  determined 
by  Dixon,  may  be  considered  as  typical  of  the 
extremely  high  velocities  attained  : — 

Rates  of  Explosion  for  Mixtures  fired  at 
10°  AND  760  MM. 

Mixture  Metres  per  second 

2PI2  + O0  ....  2820 

Hg+Cl^^  ....  1729 

200  + 02  (moist,  sat’d  at  28)  . 1703 

NH3+3O2  ....  2390 

CH4+2O2  ....  2322 

In  detonation,  each  successive  layer  of  the 
explosive  mixture  is  fired  by  compression,  and 
the  chemical  change  in  the  wave  occurs  under 
strictly  adiabatic  conditions.  This  means  that 
the  chemical  action  is  more  intense  and  of  much 
shorter  duration  than  during  the  initial  phases 
of  an  explosion  (‘inflammation’)  ; moreover, 
the  pressures  developed  in  the  wave  and  the 
consequent  shattering  effects  are  much  greater 
than  in  ordinary  explosions.  Thus,  for  example, 
in  a mixture  2H2+O2,  fired  at  the  ordinary 
atmospheric  temperature  and  pressure,  the 
initial  velocity  of  the  flame  {i.e.  during  the  short 
period  of  ‘ inflammation  ’)  is  only  20  metres  per 
second,  and  .chemical  action  endures  in  each 
1 successive  layer  ol  the  mixture  for  as  long  as 
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one-twentieth  of  a second.  As  soon,  however, 
as  detonation  is  set  up,  the  flame  travels  forward 
with  'a  constant  velocity  of  2820  metres  per 
second,  and  the  duration  of  chemical  action  in 
each  successive  layer  certainly  does  not  exceed 
and  possibly  not  much  less  than  u of  a 
second.  Needless  to  say  ‘ detonation  ’ is  not 
set  up  in  a gas-engine  cylinder ; the  terrific 
force  developed  in  detonation  would  play  havoc 
with  the  mechanism. 

Dixon’s  photographic  researches,  already 
alluded  to,  have  demonstrated  beyond  doubt 
the  important  role  of  ‘ compression  waves  ’ in 
determining  detonation  in  explosive  mixtures, 
and  it  is  probable  that  the  disastrous  effect  of 
colliery  explosions  are  primarily  due  to  the 
intensifying  effects  of  reflected  compression 
waves  uj)on  the  burning  mixture  of  gas  and  (or) 
coal  dust  and  air. 

In  1899  D.  L.  Chapman  published  a mathe- 
matical analysis  of  the  explosion  v/ave.  Dis- 
carding Berthelot’s  sound-wave  theory,  which 
indeed  had  led  to  values  for  rates  of  explosion 
which  were  difficult  to  reconcile  with  facts,  he 
regards  the  explosion  wave  as  a wave  of  com- 
pression not  in  a homogeneous  medium,  but  in 
a medium  which  is  discontinuous  in  the  vicinity 
of  the  wave-front.  It  is  assumed  (1)  that  the 
‘ front  ’ of  the  wave  (^.e.  from  the  unexploded 
gas  to  the  point  of  maximum  pressure)  does  not 
alter  in  character,  or,  in  other  words,  that  every 
portion  of  the  wave  travels  with  the  same 
velocity  ; (2)  that  the  velocity  is  the  minimum 
consistent  with  (1)  ; and  (3)  that  at  the  point 
of  maximum  pressure  the  chemical  change 
concerned  in  the  propagation  of  the  wave  is 
complete.  The  unburnt  gases  immediately  in 


front  of  the  wave  are,  of  course,  fired  by  com- 
pression, and  the  abrupt  variation  in  the 
density  and  pressure  of  the  medium  is  due  to 
the  chemical  change.  Chapman’s  formula  for 
the  velocity  of  the  explosion  wave  in  centimetres 
per  second  is — 

— w)C2)+mC?;|Cj)^Q-l-(C2)  + Ct7)A 

when  R=the  gas  constant  (1-985),  J=the 
dynamical  equivalent  of  heat  (42+10®  ergs.), 
ja=the  gram  equivalents  of  the  mixture  ex- 
ploded, n and  m — the  number  of  gaseous 
molecules  before  and  after  the  chemical  change 
in  the  wave,  Cp  and  Cv=the  mean  specific  heats 
of  the  products  at  constant  pressure  and  volume 
respectively,  7i=the  total  heat  generated  in  the 
j wave,  and  7Q=the  initial  temperature  (abs.)  of 
I the  mixture  exploded. 

j From  the  fact  that  the  dilution  of  electrolytic 
j gas  (2H2  + O2)  with  oxygen  lowers  its  rate  of 
I explosion  a little  more  tlian  a corresponding 
! dilution  with  nitrogen.  Chapman  considers  it 
I improbable  that  there  is  any  appreciable  dis- 
^ sociation  of  steam  in  the  wawe.  He  assumes 
that  the  molecular  heat  of  steam  rises  more 
rapidly  with  temperature  than  that  of  a diatomic 
gas,  and  that  the  molecular  heats  of  oxygen, 
hydrogen,  nitrogen,  and  carbon  monoxide  may 
j for  all  practical  purposes  be  considered  as  equal 
I at  any  given  temperature.  Selecting  some 
I seventeen  of  Dixon’s  found  rates  of  explosion, 
he  has  calculated  by  means  of  his  formula  the 
corresponding  molecular  heats  and  temperatures, 
arriving  at  the  following  results  for  Cv  at  inter- 
i mediate  temperatures  by  interpolation  : — 


Temperature  . 

. 4300° 

4000° 

3700° 

3400° 

3100° 

2800° 

2500° 

Cv  steam 

. 14-750 

14-297 

13-750 

13-102 

12-250 

11-040 

9-797 

Diatomic  gases 

7-707 

7+74 

7-641 

7-608 

7*575 

7-542 

7-509 

With  the  aid  of  this  series  of  numbers  he  pro- 
ceeded to  apply  his  formula  to  the  calculations 
of  the  rates  of  explosions  of  some  forty  other 
mixtures  investigated  by  Dixon,  finding  in  all 
cases  close  agreement  between  the  found  and 
calculated  values,  of  which  the  following  may 
suffice  as  examples  : — 


Mixture  exploded 

Products  in  the  wave 

Temp. 

Rate  oi 
sion  H 
per 

Calcu- 

lated 

explo- 

letres 

sec. 

Found 

2H2  -f"  2N2O 

2H2O  -t-2N2 

3813° 

2408 

2305 

4H2  “1“2N20 

2H9O  -j-  2N9  4“  2n  0 

3077 

2604 

2545 

6H2+2N2O 

2H9O  -f-  2N9  4“  4Hr|, 

2612 

2720 

2705 

2H<,  + 2N,.04-2N, 

2H2O -1-4^2 

3077 

2097 

1991 

^2^^4  + 202 

2CO4-2H2O 

4365 

2619 

2581 

CaH^-FSOa 

2C04-2H20-f02 

3882 

2348 

2368 

O2B2  + O2 

2CO4-H2 

5029 

3101 

2961 

CH4  -1-  O2 

CO4-H2O4-H2 

2772 

2502 

2528 

2CH4-f302 

2CO4-4H2O 

3764 

2485 

2470 

2CH4  + 3O2  + N2 

2CO4-4H2O4-N2 

3513 

2353 

2349 

A characteristic  feature  of  detonation  is  the 
extremely  short  duration  of  chemical  action  and 
subsequent  rapid  cooling  of  the  products,  as 
compared  with  ordinary  combustion.  Some 


years  ago,  W.  A.  Bone  and  B.  Lean  found  by  a 
photographic  method  that  the  duration  of 
luminosity  in  each  successive  layer  of  gas  in  the 
detonation  of  electrolytic  gas  is  certainly  less 
than  second,  a much  shorter  interval  of 
time  than  was  required  to  shatter  a tube  of  thin 
glass  attached  to  the  end  of  the  explosion  coil 
used.  This  tube,  although  invariably  smashed 
by  the  force  of  the  explosion,  always  appeared 
perfectly  intact  in  the  photograph.  Dixon’s 
subsequent  photographic  researches  have  de- 
monstrated the  abrupt  suddenness  with  which 
the  gases  attain  the  maximum  temperature  in 
detonation,  the  intensity  and  short  duration 
of  luminosity,  and  the  subsequent  rapid  cooling, 
as  compared  with  ordinary  combustion.  More- 
over, high  as  is  the  temperature  attained,  there 
is  no  evidence  of  any  considerable  dissociation 
of  steam  in  the  wave,  for,  despite  the  instan- 
taneous cooling  of  the  products,  there  is  less 
than  1 per  cent,  of  the  gases  left  uncombined 
after  the  wave  has  passed  through  electrolytic 
gas  (2H2+O2). 

Influence  of  an  Excess  of  an  Inert  Oas  upon 
the  Rate  if  Explosion  of  a particular  Mixture. — 
It  has  been  found  experimentally  that  whereas 
an  excess  of  nitrogen  or  oxygen  retards  the  rate 
of  explosion  of  a particular  mixture,  an  excess 
of  hydrogen  actually  increases  it.  Thus  in  the 
case  of  electrolytic  gas,  we  have — 
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Mixture  exploded . 

Rate  metres  per 

2H2  + O2 

. 2817 

2II2-I-O2-I-2H2 

. 3268 

2H2-j-02-l-4H2 

, 3527 

2H2+O2+6H2 

. 3532 

2H2-i-02-}-02 

. 2328 

2H2-i-02“i“^C)2 

. 1927 

2H2-i-G2-j-N2 

. 2426 

2H2-i-02-i-3N2 

. 2055 

The  accelerating  influence  of  an  excess  of 
hydrogen  was  for  long  an  enigma,  but  it  was 
perfectly  explained  when  Chapman  published 
his  formula.  It  must,  however,  be  understood 
that  an  excess  of  oxygen  always  has  a somewhat 
greater  influence  than  a corresponding  excess  of 
nitrogen  by  virtue  of  its  relatively  higher  deiisity. 

The  Burning  of  Gaseous  Carbon. — Of  the 
many  important  facts  brought  to  light  during 
the  course  of  Dixon’s  investigations  none  are 
of  greater  interest  than  those  relating  to  the 
burning  of  gaseous  carbon  in  the  explosion  wave, 
as  illustrated  by  the  case  of  cyanogen.  In  view 
of  the  fact  that  the  molecular  heat  of  combus- 
tion of  cyanogen,  when  burnt  completely  to 
carbon  dioxide,  is  259‘6  K.C.Us,,  whereas,  if 
burnt  to  the  monoxide,  it  would  only  be  123 
K.C.Us.,  it  might  be  expected  that  the  rate  of 
explosion  for  a mixture  C2N2+2O2  would  be 
much  higher  than  for  C2N2+O2,  if  gaseous 
carbon  is  primarily  burnt'  to  carbon  dioxide  in 
the  wave.  The  exact  opposite  is  the  case, 
however,  as  the  following  results  show  : — 
Mixture  Products  Rate 


C2N2  + O2 
^2^2  + 202 


2CO+N2  27281  ^ 

2CO2  + N,  2321/“®*''®® 


Still  more  cogent  is  the  evidence  in  favour  of 
the  initial  formation  of  carbon  monoxide  in 
the  wave,  when  the  following  figures  are  con- 
sidered : — 

C2N2+O2  C2N2  + O2  + N2  O2N2  + O2  + O2 

Eate  2728  2398  2321 

The  conclusion  to  be  drawn  from  the  preceding 
figures  is  that  cyanogen  is  initially  burnt  to 
carbon  monoxide  and  nitrogen  in  the  wave  itself, 
any  excess  of  oxygen  afterwards  burning  up 
the  carbon  monoxide  as  the  gases  cool  down  in 
the  rear  of  the  wave. 

This  conclusion'was  driven  home  by  Dixon, 
in  conjunction  with  Strange  and  Graham,  by 
photographing  on  a sensitive  film  rotated  at  a 
speed  of  about  1500  metres  per  minute,  the 
explosion  flame  in  the  case  of  the  three  mix- 
tures {a)  C2N2  + O2,  (&)  C2N2  + O2+N2,  and 
(c)  C2N2+2O2.  In  each  case  the  flame  was 
photographed,  after  detonation  had  been  set  up, 
as  it  dashed  past  a glass  window  inserted  into  the 
lead  explosion  coil.  ^ The  image  obtained  in 
the  case  of  {a)  showed  an  intensely  brilliant 
flame  (the  explosion  wave),  slightly  drawn  out 
in  tapering  form ; in  the  case  of  (&),  with 
nitrogen  as  diluent,  the  flame  was  less  brilliant 
and  somewhat  more  drawn  out  than  in  {a) 
but  with  (c)  the  flame,  whilst  no  more  luminous 
than  in  (6),  was  drawn  out  to  great  length, 
owing  to  the  continued  combustion  of  carbon 
monoxide  in  the  rear  of  the  wave.  The  follow- 
ing diagram.  Fig.  8 (approximately  to  scale), 
will  convey  an  idea  of  the  relative  durations  of 
the  flames  in  the  three  cases  : — 


<-■-25  mms — *> 


Mixture  + 0^  + 


< 40Tnm5.- -> 


<- j^Q  


Mixture 

CjN2+  2 O2 


Fia.  8, 


The  Burning  of  Hydrocarbons  in  the  Wave. — 
It  was  during  the  course  of  measurements  of 
the  rates  of  explosion  of  hydrocarbons  with 
varying  proportions  of  oxygen  in  1891-92  that 
Dixon  and  his  collaborators  rediscovered  facts 
(originally  set  forth  by  Dalton  in  his  ‘ New 
Syst^em  of  Chemical  Philosophy  ’)  which  finally 
disposed  of  the  dogma  that  in  a deficient  supply 
of  oxygen  a ‘ selective  ’ burning  of  hydrogen 
occurs.  Bone,  in  conjunction  with  Lean  and 
Cain,  found  that  when  either  ethylene  or  acetylene 
is  detonated  with  its  own  volume  of  oxygen  the 
ultimate  products  consist  almost  entirely  of 
carbon  monoxide  and  hydrogen.  1 The  rates  of 
explosion  of  hydrocarbon-oxygen  mixtures, 
whilst  they  do  not  reveal  the  real  mechanism 
of  the  combustion,  show  very  clearly  that, 

1 Vide  Lean  and  Bone,  Trans.  Chem.  Soc.  1892,  61, 
873,  and  Bone  and  Cain,  ibid.  1897,  71,  26. 


as  in  the  case  of  cyanogen,  the  carbon  of  a 
hydrocarbon  is  burnt  to  the  monoxide  in 
the  wave  itself,  the  formation  of  the  dioxide 
being  an  after-effect  and  taking  place  in  the  rear 
of  the  wave.  In  the  cases  of  methane  and 
acetylene  the  fastest  rates  are  observed  with 
equimolecular  mixtures,  whereas  with  ethylene 
the  rate  increases  with  the  proportion  of  oxygen 
up  to  the  limit  C2H4-f  2O2. 

C. — The  Pressures  produced  in  Gaseous 
Explosions. 

Many  investigators,  from  the  time  of  Bunsen’s 
well-known  experiments  in  1867  onwards,  have 
measured  the  pressures  produced  in  gaseous 
explosions,  with  doubtless  considerable  success 
so  far  as  what  may  be  termed  the  mean  effective 

- Trans.  Chem.  Soc.  1896,  69,  769. 
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pressures  are  concerned.  The  explosion  vessel 
emj)loyed  by  Bunsen  was  a stout  glass  tube 
8' 15  cm.  long,  1-7  cm.  internal  diameter,  and  of 
18  cc.  capacity.  It  was  closed  by  a suitable 
valve,  the  load  on  which  could  be  adjusted  until 
it  was  just  lifted  when  the  explosive  mixture 
was  fired  by  means  of  a powerful  spark  passed 
along  the  axis  of  the  tube.  Bunsen  considered 
that  the  combustion  would  occur  under  adia- 
batic and  ‘ constant  volume  ’ conditions,  and  he 
identified  the  rate  of  ignition  of  a particular 
mixture  with  that  of  the  completion  of  chemical 
change.  In  calculating  from  his  results  the 
corresponding  flame  temperatures,  he  assumed 
the  constancy  of  the  specific  heats  of  steam  and 
carbon  dioxide.  Finding  that  the  pressures 
recorded  in  the  cases  of  electrolytic  gas  and  of 
a mixture  of  carbon  monoxide  and  oxygen  in 
their  combining  proportions  (namely,  9‘5  and 
lO’l  atmospheres  respectively)  were  somewhat 
less  than  one-half  of  those  theoretically  re- 


quired on  the  above  assumption,  he  concluded 
that  in  each  case  combustion  had  proceeded 
saltum,  owing  to  the  suj)posed  theoretical  flame 
temj^eratures  exceeding  the  limits  at  which  steam 
and  carbon  dioxide  respectively  are  completely 
dissociated.  The  problem  was  again  attacked 
independently  by  Mallard  and  Le  Chatelier  in 
1883,1  and  by  Berthelot  and  Vieille  in  1885.  ^ 
The  last-named  fired  various  gaseous  mixtures 
at  atmospheric  pressure  in  a spherical  iron 
bomb,  measuring  the  effective  pressures  by  the 
movement  of  a light  piston  working  against  a 
spring  in  a tube  attached  to  the  bomb.  In 
order  to  gain  some  information  respecting  the 
possible  cooling  influence  of  the  walls  upon  the 
effective  pressures  recorded,  three  bombs  of 
different  capacities,  namely,  A.  of  300  cc.,  B. 
of  1500  cc.,  and  C.  of  4000  cc.,  were  employed. 
The  results,  expressed  in  each  case  as  atmo- 
spheres in  excess  of  the  atmospheric  pressure, 
were  as  follows  : — 


Bomb 

A 

B 

C 

Capacity  in  cm.^  ...... 

300 

1500 

4000 

Surface  in  cm.^  ...... 

216 

648 

1200 

Surface  per  unit  volume  ..... 

0-72 

0-43 

0-33 

i 

Diameter  in  cm.  ...... 

6-0 

14-2 

21-7 

Length  of  firing  piece  in  cm.  .... 

6-3 

5-3 

6-3 

Travel  of  flame  before  reaching  the  piston  in  cm. 

9*1 

16-3 

24-8 

At  ms. 

Atms. 

Atms. 

|'2H2-1-02  ...... 

7-41 

9-69 

9-80^  M 

fH  © 

3 

2C0-f02  ...... 

9-29 

9-93 

10-21  S 

-ij  0 

CH4-f202  

13-94 

14-81 

16-31  g 

Ph 

CI2N2  + O2  ...... 

— 

— 

25-11  2 

© 

[C2N2+2O2 

— 

— 

20-96]^ 

Tirne  required  for  flame  to  travel  from  the  firmg 

piece  to  piston  of  indicator. 

0-00214  sec. 
0-01551  sec. 

Mixture{2g3+g^^  ; ; ; ; ; ; 

0.00104  sec. 
0-01286  sec. 

— 

Perhaps  the  most  notable  feature  about  these 
results  is  the  smallness  of  the  difference  between 
the  pressures  observed  with  bombs  A and  C in 
any  particular  case.  These  differences  might  at 
first  sight  be  attributed  to  the  (supposed)  much 
smaller  cooling  influence  of  the  walls  of  the  bomb 
C as  compared  with  bomb  A,  but  if  this  were 
the  true  explanation  the  difference  should  be 
greater  with  the  slow-burning  2C0-f02  mixture 
than  with  the  fast-burning  2H2  + O2,  whereas 
the  opposite  was  the  case.  Moreover  the  fact 
that  dilution  of  the  mixture  2H2  + O2  with  twice 
its  own  volume  of  nitrogen  almost  obliterated 
the  difference  between  the  pressures  observed 

pC 

in  the  cases  of  bombs  A and  C (the  ratio  ^ 

for  the  diluted  being  0‘95,  as  against  0'76  for 
the  undiluted  mixture)  is  all  against  the  cooling 
theory.  The  more  probable  explanation  is  to 
be  found  in  the  fact  that,  owing  to  the  much 
longer  travel  of  the  flame  before  it  reached  the 
piston  of  the  indicator  in  bomb  C as  compared 
with  A,  the  explosion  would  be  in  a more  ad- 
vanced phase  of  its  development,  and  this  would 
be  most  marked  in  the  case  of  the  fastest  burn- 
mixtures.  Berthelot  and  Vieille  assumed 


mg 


that  in  the  above  experiments  completion  of  the 
combustion  synchronised  with  the  attainment 
of  maximum  pressure,  and  attributed  the  marked 
disparity  between  the  observed  pressures  (bomb 
C)  and  those  calculated  from  the  heats  of  com- 
bustion (on  the  assumption  of  adiabatic  con- 
ditions) to  a rapid  increase  in  the  specific  heats 
of  steam  and  carbon  dioxide  at  high  tempera- 
tures. 3’hey  considered  it  improbable  that  dis- 
sociation phenomena  play  any  conspicuous  part 
in  limiting  the  pressures  attained. 

Mallard  and  Le  Chatelier  {l.c.)  who  used 
a Bourdon  gauge  for  measuring  pressures  and 
applied  a ‘ cooling  correction  ’ to  their  results, 
arrived  at  practically  the  same  conclusion  as 
Berthelot  and  Vieille  (Ann.  Chim.  Phys.  [vi.] 
4,  13)  respecting  both  the  increase  of  the  specific 
heats  of  steam  and  carbon  dioxide  with  tem- 
perature and  the  small  if  not  negligible  influence 
of  dissociation.  They  calculated  that  the  tem- 
perature of  the  flame  when  moist  electrolytic 
gas  is  exploded  in  a closed  vessel  at  atmospheric 
pressure  is  about  3350°,  and  that  the  mean 
molecular  heat  of  steam  at  constant  volume 

' Annales  des  Mines,  sec.  viii.  vol.  4. 

2 Ann.  Chim.  Phys.  (vi.)  4,  13. 
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between  0°  and  3350°  is  16'(3.  In  tlie  case  of 
the  mixture  2CO  + Oo  they  concluded  that  the 
molecular  heat  (C2)  of  carbon  dioxide  rises  to 
13‘6  at  2000°,  above  which  temperature  dis- 
sociation comes  into  j^lay. 

Dugald  Clerk  also  made  experiments 
hydrogen-air  mixtures  in  a large  cast-iron 
vessel  comparable  in  dimensions  to  the 
cylinder  of  a six-horse-power  gas  engine. 

It  was  a cast-iron  cylinder  truly  bored 
out  and  the  end  covers 
turned,  internal  di- 
mensions 7 inches 
diameter  and  Sc- 
inches long,  capacity 
317  cubic  inches. 

Upon  the  upper 
cover  was  placed  a 
Pichards  indicator, 
in  which  the  recipro- 
cating drum  had  been  Weight 
replaced  by  a re- 
volving one ; the  rate  of  revolution 
adjusted  by  a small  fan. 


was  aajustea  oy  a small  lan,  a 
weight  and  gear  giving  the  power.  The 
cylinder  was  filled  with  the  explosive 
mixture  to  bo  tested,  the  drum  set  in 
motion,  the  pencil  of  the  indicator 
pressed  gently  against  it,  and  the 
electric  spark  passed  within  the  cylin- 
der. The  pressure  of  the  explosion, 
acting  upon  the  indicator  piston,  traced 
a line  upon  the  drum  which  showed 
the  rise  and  fall  of  pressure.  The  rising  line 
traced  the  progress  of  the  explosion,  the  falling 
line  the  progress  of  loss  of  pressure  by  cooling. 


Revolving  Drum 


Eig.  9. 


Fig.  9 shows  the  arrangement  of  the  apparatus. 
Experiments  with  hydrogen  and  air  mixtures 
gave  the  following  results  : — 


Mixtures  oe  HYUROGEisr  and  Air  (Clerk). 


Temp,  before  explosion  16°.  Pressure  14‘7  lbs. (atmospheric) 

Experi- 

ment 

Mixture 

Max.  pressure  above 
atmosphere  in  lbs. 
per  sq.  inch. 

Time  of  explosion 

Max.  temp,  of  explosion 

H 

Air 

a 

1 vol. 

6 vols. 

41 

0-15  sec. 

826°  to  909° 

h 

1 vol. 

4 vols. 

68 

0-026  sec. 

1358°  to  1539° 

c 

2 vols. 

5 vols. 

80 

O'Ol  sec. 

1615°  to  1929° 

The  maximum  temperatures  were  calculated 
on  the  two  extreme  assumptions  of  complete 
contraction  and  no  contraction, 
r ' The  curves  of  explosion  from  which  these 
figures  are  deduced  are  given  aUFig.  10. 

The  rate  of  cooling  was  comparatively  slow ; 
for  instance,  in  all  these  experiments,  at  the  end 


of  0*6G  second  from  the  beginning  of  explosion 
there  still  remains  above  20  lbs.  per  sq.  inch 
above  atmospheric  pressure.  The  explosion  was 
followed  by  a very  slow  fall  of  pressure. 

Calculating  from  these  curves  the  total  heat 
accounted  for  by  maximum  pressure,  and  allow- 
ing for  loss  of  heat  to  the  walls  during  time  of 


Vessel  used  7 inches  diam.  and  81  inches  long.  Scale  of  indicator  spring,  1 Ih.^^V  inch. 

Mixtures  used,  pure  hydiogen  and  air— Experiment  a,  1 vol.  hydrogen  to  6 vols.  air  ; 1 to  4 ; c,  1 to  5. 

Temperature  of  gases  before  ignition,  10°;  pressure  (atmospheric),  14‘7  Ihs. 


Fig.  10. 
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explosion,  as  estimated  from  the  falling  curves, 
a great  deficiency  becomes  evident. 


Experiment  a b c 
Heat  of  combustion  of  hydroo'en 
present  . . . ° . 100  100  100 

Heat  accounted  for  by  maximum 
temperature  and  loss  previous 
to  its  attainment  . . 55  70  54 


Even  with  hydrogen  and  air  mixtures  the 
deficiency  ranges  from  30  to  46  p.c.  It  is  re- 
markable that  the  deficiency  at  the  temperature 
of  about  900°  is  identical  with  that  at  about 
1800°  within  the  limits  of  error.  It  should  be 
noted,  however,  that  this  method  of  allowing 


for  heat  loss  will  probably  give  a low  value,  as  no 
account  is  taken  of  the  difference  in  the  action 
of  the  walls  on  the  rising  and  falling  lines,  nor 
of  the  possible  difference  in  radiation. 

In  1915  W.  A.  Bone  and  his  collaborators 
published  the  results  of  experiments  in  which 
mixtures  corresponding  to  (1)  2H2  + O2+4N2 ; 
(2)  200  + 02+ 4N2,  and  (3)  CH4+02+4N2>  were 
exploded  at  an  initial  pressure  of  50  atmospheres 
in  a spherical  bomb  (capacity =275  c.c.)  to 

which  was  attached  a Petavel  recording  mano- 
meter with  its  optical  accessories.  The  results 
of  two  typical  experiments  with  each  of  the 
three  mixtures  are  recorded  in  the  following 
table 


W*  A.  Bone’s  Puessuee  Expeeiments. 


Mixture  fired  . 

1 

2H2+O2+4N, 

0H4+O2+4N2 

2C0+O2+4N2 

Per  cent,  composition  of] 
mixture  fired  . . j 

H2=29-6 

H2=29-7 

CH4=16-7 

CH4=16-8 

00=28-1 

00=28-03 

02  = 14-5 

02  = 14-3 

02  = 17-1 

02  = 16-8 

02  = 14-0 

02  = 14-60 

N2=55-9 

N2=56-9 

N2=66-2 

N2=66-4 

N3=:57-9 

N2=57-37 

Initial  pressure  'p,^  in  1 

53-0 

50-0 

44-9 

50-0 

51-0 

49-8 

atmospheres  . . / 

Maximum  explosion  pres-) 

425-0 

400-0 

240-0 

280-0 

423-0 

420-0 

sure  in  atmospheres  p^j 

Final  pressure  of  cold  pro-j 
ducts  in  atmospheres  pf] 

30-5 

28-74 

47-1 

51-7 

42-6 

41-46 

Patio  pjp^  . 

8-0 

8-0 

5-35 

5-6 

8-3 

8-4 

Ratio  Pf  l2^ 

Time  required  for  attain-  j 

0-575 

0-575 

1-049 

1-034 

0-832 

0-837 

ment  of  maximum  pres  - > 
sure  in  seconds  . . j 

0-011 

0-010 

0-05 

0-08  about 

0-10 

0-10 

The  pressure  records  which  are  rej)roduced 
in  the  following  diagrams  (Figs.  11,  12,  and  13), 
in  which  pressures  in  atmospheres  are  plotted 
against  time  in  seconds,  prove  conclusively  the 
absence  of  any  direct  relation  between  the 
actual  rate  at  which  the  potential  energy  of  an 


explosive  mixture  is  transferred  on  explosion 
as  sensible  heat  to  its  products  and  the  magnitude 
of  the  chemical  affinity  between  its  combining 
constituents.  This  is  hardly  to  be  wondered  at, 
seeing  the  extreme  rapidity  of  chemical  inter- 
action at  high  temperature  as  compared  with 


0 2 4 6 8 10  'a  20  25  30 

TIME  IN+j-SECONDS 

' After  Firing 


Fig.  11. 


the  rate  at  which  the  liberated  heat  can  be 
communicated  to  and  uniformly  distributed 
amongst  the  products  by  ordinary  physical 
processes.  Attention  may  be  drawn  to  the 
extreme  slowness  of  the  cooling  in  each  case 
after  the  attainment  of  maximum  pressure ; 
this  has  also  been  observed  by  previous  workers 
in  other  similar  cases  of  gaseous  explosions. 
This  was  particularly  marked  in  the  case  of  the 
methane-air  mixture,  in  which  there  was  hardly 
any  appreciable  cooling  during  an  interval  of 


0‘22  seconds  after  the  attainment  of  maximum 
pressure  (in  0-08  sec.),  a circumstance  which 
may  be  due  in  part  to  the  combustion  taking 
place  in  well-defined  chemical  stages,  and  in 
part  also  to  the  operation  of  the  exothermic 
secondary  interaction  between  carbon  monoxide 
and  steam  during  the  cooling  period.  On  the 
other  hand,  the  curve  for  the  hydrogen-air 
mixture,  where  the  combustion  to  steam  is 
a direct  and  comparatively  simple  transaction 
suggests  that  the  attainment  of  maximum 


112 


EXPLOSION,  GASEOUS. 


pressure  is  succeeded  by  a period  of  gradual 
cooling  uninfluenced  by  chemical  combination. 

It  may  be  taken  as  the  common  experience 
of  all  investigators  since  Bunsen’s  day  that  the 
maximum  effective  pressures  recorded  when 
gaseous  mixtures  are  fired  in  closed  vessels  are 
always  considerably  less  than  those  calculated 
on  the  old  assumption  (now  discarded)  that  the 


whole  heat  of  combustion  is  communicated 
without  loss  to  the  products,  and  that  the 
specific  heats  of  the  products  do  not  vary  with 
temperature.  Another  feature  of  the  pheno- 
menon is  the  very  short  time  required  for  the 
attainment  of  maximum  pressure  relative  to 
the  subsequent  cooling  period. 

The  great  disparity  between  the  found  and 


0 2 4 6 e 10  IS  20  25  30  35 

TIME  IN  7^  SECONDS 
After  Firing 

Fia^  12. 


‘ calculated  ’ maximum  pressures  has  been 
attributed  by  the  various  investigators]  con- 
cerned to(^one  or  other  of  the  following  causes, 
namely  : 

1.  To  the  marked  increase  in  the  specific  heats 
of  steam  and  carbon  dioxide  with  temperature. 

2.  To  the  fact  that  in  ordinary  gaseous  explo- 
sions, where  detonation  has  not  been  determined, 


combustion  is  by  no  means  instantaneous,  and  may 
not  be  completed  within  the  period  required  for  the 
attainment  of  maximum  pressure.  Sir  Dugald 
Clerk  put  forward  this  suggestion  as  long  ago  as 
1886 1 in  criticising  the  conclusions  of  Mallard  and 
Le  Chatelier  respecting  the  great  increase  in  the 
specific  heats  of  steam  and  of  carbon  dioxide 
with  temperature.  He^considered  it  highly 


After  Firing 

Fig.  13. 


probable  that  combustion  extends  far  into  the 
actual  ‘ cooling  period  ’ in  gaseous  explosions 
(and  hence  the  long  drawn-out  ‘ cooling  curve  ’), 
so  that  the  system  loses  a certain  part  of  the  heat 
of  combustion  before  the  chemical  action  is 
completed.  This  idea  of  a continued  combus- 
tion finds  support  in  H.  B.  Dixon’s  photographic 
researches,  and  chemists  generally  will  concede 
its  reality  in  any  gaseous  combination  in  which 
detonation  is  not  determined.  But  to  what 
extent  it  may  be  held  to  affect  the  pressures 
actually  recorded  by  explosions  is  still  a matter 
of  conjecture. 

3.  To  loss  of  energy  by  direct  radiation. — 
Thus  in  the  explosion  of  a mixture  of  hydrogen 
and  oxygen  it  is  coneeivabie  that  the  initial 
action  results  in  the  formation  of  an  intensely 
vibrating  molecular  comjilex  from  which  steam 
issues  as  the  first  recognisable  product.  Some 
experiments  made  in"  1890  by  Robert  von 
Helmholtz  (Beiblatter,  14,  589),  showed  that 
non-luminous  hydrocarbon  flames  radiate  about 


5 p.c.  of  the  heat  of  combustion  of  the  gas,  and 
more  recent  experiments  by  Callendar  and 
Nelson  show  that  the  heat  radiated  from  an 
ordinary  non-luminous  Bunsen  flame  may 
amount  to  between  15  and  20  p.c.  of  the  total 
heat  of  combustion. 

4.  To  dissociation  of  products  (steam  and 
carbon  dioxide).  In  the  case  of  two  combining 
gases  producing  a dissociable  product,  it  is 
clear  that  if  the  average  temperature  in  the 
system  reaches  that  at  which  dissociation  begins 
the  combustion  must  be  delayed  whilst  heat 
escapes  from  the  system  by  radiation  and  con- 
duction. Qualitatively  the  partial  dissociation 
of  steam  and  carbon  dioxide  has  been  proved  at 
temperatures  which  are  certainly  exceeded  by 
those  of  explosion  flames ; but  it  may  be  urged 
that,  inasmuch  as  all  experiments  upon  dis- 
sociation have  up  to  the  present  involved 
contact  with  hot  solid  surfaces,  there  is  no 
positive  evidence  that  the  phenomenon  would 
’ Proc.  Inst.  Civil  Engineers,  85. 
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play  any  conspicuous  part  in  an  unconfined 
gaseous  system.  On  the  other  hand,  there  is 
direct  experimental  evidence  of  the  attainment 
of  enormously  high  temperatures  in  the  explosion 
wave,  temperatures  ^vhich  would  generally  be 
considered  as  far  beyond  that  of  the  initial,  or 
perhaps  even  of  the  complete,  dissociation  of 
steam  or  of  carbon  dioxide.  Moreover,  the  fact 
that  the  rate  of  explosion  of  electrolytic  gas  is 
retarded  rather  more  by  an  excess  of  oxygen 
than  by  a corresponding  excess  of  nitrogen  is 
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inconsistent  with  the  supposition  of  any  appreci- 
able dissociation  of  steam  in  the  explosion  wave, 
and  photographic  records  give  no  evidence  of 
continued  combination  in  the  rear  of  the  wave 
except  where  there  are  two  or  more  chemical 
stages  in  the  combustion. 

Explosion  of  mixtures  of  coal  gas  and  air. — 
Experiments  were  made  many  years  ago  by 
Clerk  with  mixtures  of  coal  gas  and  air  in  the 
explosion  apparatus  already  described,  with 
the  following  results  : — • 


Glasgow  Coal  Gas  and  Aie  Mixtures  (Clerk). 


Temperature  of  gases  before  ignition,  18°.  Pressure  of  atmosphere  (ll'T  lbs.) 


Experiment 

Proportion  of  gas 
by  volume 

Maximum  pressure 
in  lbs.  per  sq.  inch 
above  atmosphere 

Maximum  tempera- 
ture centigrade 

Time  of  explosion 

a 

1 

TT 

52  • 

1047° 

0-28  second 

h 

1 

T2 

63 

1265° 

0-18  „ 

c 

1 

TU 

69 

1384° 

013  „ 

d 

1 

89 

1780° 

0-07  „ 

e 

1 

K 

96 

1918° 

0-05  „ 

From  these  experiments,  it  will  be  observed 
that  the  greatest  possible  pressure  exerted  by  a 
mixture  of  Glasgow  coal  gas  and  air  at  atmo- 
spheric pressure  and  temperature  was  96  lbs.  per 
square  inch  above  atmosphere,  the  maximum 
pressure  falling  as  dilution  with  air  increased, 
while  the  time  of  explosion  also  increased.  The 
shortest  time  of  explosion  was  second,  and  the 


' longest  over  ^ second,  at  the  end  of  O’ 60 
second  from  30  to  35  lbs.  per  square  inch 
pressure  above  atmosphere  still  remained  in 
the  vessel.  It  is  very  noticeable  that,  volume 
for  volume,  coal  gas  produced  higher  pressure 
than  hydrogen. 

Experiments  with  Oldham  gas  and  air  gave 
the  following  results  : — 


Oldham  Coal  Gas  and  Air  Mixtures  (Clerk). 


Temperature  of  gases  before  ignition,  17°.  Pressure  of  atmosphere  (14'7  lbs.) 


Experiment 

Proportion  of  gas 
by  volume 

Maximum  pressure 
in  lbs.  per  sq.  inch 
above  atmosphere 

Maximum  tempera- 
ture centigrade 

Time  of  explosion 

a 

40-0 

806° 

0-45  second 

b 

51-5 

1033° 

0-31 

c 

t.X 

60-0 

1202° 

0-24 

d 

1 

T5 

61-0 

1220° 

0-17 

e 

X 

To 

78-0 

1557° 

0-08 

99 

f 

1 

87-0 

1733° 

0-06 

99 

g 

V 

90-0 

1792° 

0-04 

99 

h 

1 

91-0 

1812° 

0-055 

99 

i 

1 

3 

80-0 

1595° 

0-16 

99 

The  greatest  pressure  produced  by  a mixture 
of  this  gas  and  air  was  91  lbs.  per  square  inch 
above  atmosphere.  Comparing  these  numbers 
with  the  Glasgow  gas  experiments,  it  appears 
that  with  vol.  of  Oldham  gas  present,  the 
pressure  attained  was  0-5  lb.  per  square  inch  less, 
and  the  time  of  explosion  is  0-31  second  against 
0-28  second  with  the  same  proportion  of  Glasgow 
t^as.  With  ^ of  the  two  gases,  Oldham  was 
5 lbs.  less  maximum  pressure  and  0-055  second 
against  O'OS  second  Glasgow. 

In  all  these  experiments  the  suppression  of 
heat  at  the  maximum  temperature  is  very  con- 
siderable, ranging  from  50  to  60  p.c. 

Experiments  were  also  made  by  Clerk  in 


i the  same  vessel  with  mixtures  previously  coni- 
} pressed,  and  it  is  found  that  the  pressures  pro- 
, duced  with  any  given  mixture  are  proportional 
to  the  pressure  before  ignition — that  is,  with  a 
mixture  of  constant  composition  double  the 
pressure  before  explosion,  keeping  the  tempera- 
ture constant,  doubles  the  pressure  of  explosion. 

In  1900  Clerk  made  further  experiments 
with  London  coal  gas  and  air,  with  very  complete 
precautions  to  ensure  mixing,  and  with  more 
accurate  timing  devices.  The  curves  obtained 
with  this  apparatus  are  shown  at  Fig.  14,  and 
the  maximum  temperatures  and  pressures,  and 
time  of  explosion  for  the  different  mixtures,  are 
as  follows  : — 
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Explosion  in  a Closed  Vessel  (Clerk,  1900). 
Mixtures  of  air  with  London  coal  gas. 

Temperature  before  explosion  16° 

Pressure  before  explosion  . 14-8  lbs.  persq.  in. 


Mixture 

Max.  pres- 
sure above 
atmosphere 
in  lbs.  per 
sq. inch 

Temp,  of  ex- 
plosion from 
observed 
pressure 

Time 
of  ex- 
plosion 

Gas 

1 vol. 

Air 

12  vols. 

4 

°C. 

sec. 

1 „ 

11  „ 

58 

1150 

0-290 

1 „ 

10  „ 

60 

1155 

0-305 

1 „ 

9 „ 

65 

1270 

0-155 

1 „ 

8 „ 

77 

1475 

0-087 

1 » 

7 „ 

80 

1565 

0-067 

1 „ 

6 „ 

85 

1660 

0-055 

1 „ 

5 „ 

87 

1710 

0-042 

1 „ 

4 „ 

93 

1830 

0-045 

•J.  E.  Petavel  has  also  made  experiments  on 
the  explosion  of  coal  gas  and  air  compressed 
before  ignition  to  pressures  of  over  1000  lbs.  per 
square  inch.  Eig.  15  shows  the  diagrams  ob- 
tained, with  the  particulars  marked  thereunder. 

In  all  these  experiments,  it  is  clear  that  if 
the  temperature  be  calculated  from  the  maxi- 
mum pressure  of  explosion,  there  is  apparently 
a suppression  of  heat  of  a very  eonsiderable 
amount  at  maximum  temperature,  the  amount 
being  about  60  p.c. 

Important  experiments  were  also  made  by 
Prof.  B.  Hopldnson,  of  Cambridge  University, 
who  investigated  the  actual  temperatures 
reached  during  explosions  of  coal  gas  and  air 
in  an  explosion  vessel  of  the  form  shown  at 
Fig.  16  and  found  very  large  temperature 
variations  at  different  parts  of  the  vessel,  and 
that  the  temperature  ^fferences  existed  after 
complete  inflammation,  quite  independently  of 
the  local  cooling  effect  of  the  walls  of  the  vessel. 


Explosion  in  a closed  vessel,  London  gas,  1900  (Clerk). 


He  found  that  after  the  explosion  of  coal  gas 
and  air  in  the  vessel,  the  distribution  of  tempera- 
ture at  the  moment  of  maximum  pressure  was 
roughly  as  follows  : — 

Mean  temperature  (inferred  from  pressure)  1600° 
Temperature  at  centre  of  vessel,  thermo- 
meter B .....  1900° 

Temperature  10  cm.  (4  inch)  within  wall, 

thermometer  C ....  1700° 
Temperature  1 cm.  (0-4  inch)  from  wall, 
at  end,  thermometer  D . 1100°  to  1300° 

Temperature  1 cm.  (0‘4  inch)  within 
wall  at  side  .....  850° 

Half  a second  after  maximum  pressure,  the 
distribution  was  as  follows  : — 

Mean  temperature  (inferred  from  pres- 
sure)   1100° 

Me  a n temperature,  exclusive  of  layer 
I cm.  thick  at  walls,  determined  by 
long  platinum  wire  from  B to  I)  .1160° 
Temperature  at  centre  of  vessel, 
thermometer  B . . . 1100°  to  1200° 


Here  the  temperature  differences  are  much 
smaller  than  at  the  moment  of  maximum  pres- 
sure. Hopkinson  found  that  the  explosion 
vessel  is  entirely  filled  with  flame  when  the 
pressure  reaches  70  lbs.,  although  the  maximum 
pressure  attained  later  is  82  lbs,  per  square  inch 
above  atmosphere  ; that  is,  maximum  pressure 
is  not  attained  untd  one-thirtieth  of  a second 
after  the  vessel  is  completely  filled  by  flame. 
Hopkinson’s  experiments  also  distinctly  prove 
that  the  highest'  temperature  reached  in  the 
vessel  is  at  the  point  of  origin  of  the  ignition,  and 
is  due  to  the  compression  of  the  gases  which  are 
first  heated  by  explosion  to  about  1200°,  and 
then  compressed  by  the  compression  from  the 
walls  inwards,  as  the  mixture  near  the  walls 
inflames. 

Explosion  in  gas-engine  cylinders. — In  all 
internal-combustion  engines  in  general  use  at 
the  present  time,  the  mixture  of  fuel  and  air  is 
compressed  before  ignition, , the  maximum 
temperature  ranging  from  1200°  to  2500° ; 
while  the  temperature  of  the  hot  gases  at  the 
moment  of  opening  the  exhaust  valve  may  be 
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Eig.  16. 

Hopkinson’s  Explosion  Vessel. 

regards  addition  of  heat,  it  is  necessary  to  know 
the  specific  heat  or  internal  energy  of  the  mixture 
at  any  given  temperature. 


. / T«  i7lO*C 


about  1000°,  Eig.  17  is  a repro- 
duction of  an  indicator  diagram  of 
an  internal-combustion  engine  work- 
ing on  the  Otto  cycle.  The  effect  of 
weakening  the  mixture  is  shown  by 
the  different  lines  on  the  diagram. 

The  line  a shows  a diagram  obtained 
from  a strong  mixture  ; h,  a diagram 
from  a slightly  weaker  mixture  ; and 
c,  a diagram  obtained  from  a very 
weak  mixture.  The  effect  of  apparent 
suppression  of  heat  appears  on  the 
gas-engine  diagram  as  well  as  in  the 
diagrams  obtained  by  explosion  in 
closed  vessels  at  constant  volume, 
referred  to  above ; and  it  is  ex- 
tremely important,  for  the  purpose 
of  a correct  theory  of  the  internal- 
combustion  engine,  to  ascertain 
exactly  what  takes  place  on  ex- 
plosion, and  immediately  after  ex- 
plosion of  the  mixture  used ; and  a 
complete  knowledge  of  the  thermal 
properties  of  the  working  fluid  and 
its  chemical  composition  at  any  instant  during 
the  cycle  is  necessary. 

In  the  normal  gas-engine  diagram,  the 
expansion  line  is  at  first  usually  considerably 
above  the  adiabatic,  showing  that  the  whole  of 
the  heat  of  combustion  is  not  added  before 
maximum  pressure,  and  that  heat  must  be  added 
to  the  gases  during  a portion|of  the  expansion, 
to  make  up  for  the  flow  of  heat  through  the 
cyhnder  walls.  If,  however,  the  cooling  on 
expansion  is  too  great,  the  expansion  fine  may 
fall  below  the  adiabatic,  although  there  is  still 
heat  being  added.  The  adiabatic  expansion  line 

for  any  given  mixture  of  gases  depends  on  the  Eig.  17. 

specific  heat  of  the  mixture,  and  therefore,  in 
order  to  determine  what  are  the  conditions  as  Clerk  has  investigated  the  properties  of  the 

working  fluid  in  the  gas 
engine  itself,  by  a method 
which  allowed  direct  ob- 
servation to  be  made  upon 
an  actual  charge  taken 
into  the  engine  in  the 
ordinary  operations  of  its 
cycle.  The  method  con- 
sisted in  subjecting  the 
whole  of  the  heated  pro- 
ducts of  combustion  to 
alternate  compression  and 
expansion,  within  the 

engine  cylinder,  while  the 
cooling  proceeded,  and 

observing  by  the  indicator 
the  successive  pressure 
falls  from  revolution  to 
revolution,  together  with 
the  temperature  and  pres- 
sure rise  and  fall  due  to 
the  alternate  compression 
and  expansion.  The  engine 

Temperature  of  enclosure : before  was  set  to  run  at  a given 

Initial  pressure,  1094  lbs.  per  sq.  speed,  and  after  the 

Maximum  pressure,  9618  lbs.  per  sq.  inch.  Hatio  =5'71.  charge  of  gas  and  air  had 

been  drawn  in,  compressed 

JIa3dnnim_pressure  ^8-8.  and  ignited,  the  exhaust 

Initial  pressure  valve  and  inlet  valve 

were  prevented  from 
opening,  so  that  when 

Eise  and  Fall  of  Pressure  during  and  after  Explosion  (Petavel).  the  piston  reached  the 
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end  of  its  power  stroke,  the  exhaust  gases  were 
retained  within  the  cylinder,  and  compressed  by 
the  piston  to  the  maximum  volume,  and  again 
allowed  to  expand  and  again  compressed,  and 
so  on.  These  operations  gave  a diagram  as 
shown  at  Fig.  18.  From  this  diagram,  by 
determining  the  temperature  fall  due  to  work 
done  on  expansion.  Clerk  determined  the  ap- 
parent specific  heat  of  the  products  of  combustion, 
and  found  that  for  the  gas-engine  mixture  there 
was  a considerable  rise  of  apparent  specific  heat 
with  temperature,  and  it  seemed  probable  that 
this  was  largely  due  to  a real  increase  of  the 
actual  specific  heat  or  internal  energy  of  the 
gases  at  high  temperatures.  The  experiments, 
however,  could  not  differentiate  between  the 
possible  effects  produced  by  dissociation  and 
real  specific  heat  change.  Further,  the  values 
obtained  were  subject  to  some  uncertainty,  due 
to  the  difficulty  of  apportioning  heat  loss 
between  successive  compression  and  expansion 
lines,  and  it  is  probable  that  the  values  are 
somewhat  raised  by  some  film  phenomena,  or 
by  smouldering  combustion,  tending  to  keep 
the  expansion  line  from  falling  as  rapidly  as  it 
would  otherwise  do. 

Work  of  the  British  Association  Committee  on 
Gaseous  Explosions. — Owing  to  the  great  im- 
portance to  the  theory  of  the  internal-combus- 


tion engine  of  a complete  understanding  of  the 
phenomena  of  gaseous  explosions,  the  British 
Association  appointed  a committee  for  the 
purpose  of  investigating  the  whole  matter,  and 
although  the  work  of  this  committee  is  not  yet 
completed,  very  important  results  have  already 
been  obtained.  These  are  set  out  in  the  Reports 
of  1908,  Dublin ; 1909,  Winnipeg  ; and  1910, 
Sheffield.  The  committee  regard  it  as  proved 
that  on  the  explosion  of  gaseous  mixtures  with 
air,  the  quantity  of  carbonic  acid  or  steam  dis- 
sociated at  the  temperature  of  the  explosion  is 
so  small,  that  the  supj^ession  of  heat  cannot  be 
due  to  this  cause. 

They  also  concluded  that  chemical  equilibrium 
is  complete  within  an  extremely  short  period 
after  inflammation  at  any  point  outside  the 
influence  of  the  walls,  and  that  there  is  no  time 
rate  of  combustion,  such  as  will  account  for  the 
apparent  suppression  of  heat. 

The  committee  have  also  made  a very 
careful  comparison  of  the  specific  heat  found  by 
Holborn  and  Henning  by  methods  not  depending 
on  explosion,  with  the  values  found  by  explosion 
experiments,  such  as  those  of  Clerk,  Mallard,  and 
Le  Chatelier,  and  Langen.  The  results  given 
in  calories  per  gram-molecule  for  the  internal 
energy  calculated  from  100°  at  temperatures  of 
800°,  1200°,  1600°,  and  2000°,  are  as  follows  : — 


800° 

1200° 

1600° 

2000° 

Holborn 

Holborn 

Clerk 

and 

Clerk 

and 

Langen 

Langen 

Henning 

Henning 

Air 

3570 

5840 

8700 

11500 

- 

6460 

— 

10880 

17000 

23300 

H 2 *••••• 

- 

4670 

— 

7930 

14400 

19900 

Gas-engine  mixture 

4250 

3840 

6900 

6340 

9800 

13200 

Ideal  gas*  ..... 

3430 

5400 

7350 

9300 

* C^=4-9. 


In  this  table,  in  order  to  reduce  to  foot-lbs.,  the 
figures  should  be  multiplied  by  the  factor  3-96. 


Fig.  18. 

Clerk  diagram  from  engine  at  a brake  load  of  50  H.P.  at  160  revolutions 

per  minute. 


The  agreement  between  the  figures  by  the  two 
method  shows  that  the  suppression  of  heat  is 
very  largely  due  to  increase  in  the  real  specific 
heat  at  high  temperatures. 

It  seems  clear  also  that  the  cooling  due  to 
the  walls  of  the  explosion  vessel  will  damp  out 
a certain  portion  of  the  combustion,  and  thus 
give  a certain  time  rate  of  combustion,  so  that 
all  the  heat  is  not  actually  evolved  at  the  point 
of  maximum  pressure  or  maximum  temperature. 
By  arranging  a piston  so  that  the 

exhaust  products  can  be  collected,  and  imme- 
diately cooled  at  any  instant  during  the  ex- 
pansion stroke.  Clerk  has  shown  from  an 
analysis  of  the  exhaust  products  that  there  is 

still  some  uncombined 
gas  after  the  point  of 
maximum  temperature 
has  been  reached,  even 
with  strong  mixtures. 

The  committee  also 
consider  that  the  ap- 

Earent  suppression  of 
eat  in  explosion  ex- 
periments, when  tem- 
perature is  calculated 
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from  pressure,  is  partly  due  to  under-estimation 
of  the  heat  loss  due  to  radiation.  Callendar 
predicted  that  this  would  be  the  case  from  his 
experiments  on  the  radiation  from  a Bunsen 
flame ; and  Hopkinson  has  shown  that  the 


total  heat  radiated  during  and  after  an  ex- 
plosion of  a 15  p.c.  mixture  of  coal  gas  and 
air  amounted  to  over  22  p.c.  of  the  whole  heat 
of  combustion. 

W.  A.  B.  and  B.  V.  W. 


END  OE  THE  SECOND  VOLUME. 
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